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Abstract: (1) Background: This paper aims to assess temporal trends (2016-2020) in incidence, pa-
tient’s characteristics, complications, length of hospital stay (LOHS) and in-hospital mortality (IHM)
among patients with and without idiopathic pulmonary fibrosis (IPF) undergoing lung transplan-
tation (LTx). We also analyse the effect of the COVID-19 pandemic on LTx in these populations.
(2) Methods: A retrospective, population-based observational study was conducted using the Span-
ish National Hospital Discharge Database. Multivariable adjustment was conducted with logistic
regression to analyse the IHM. (3) Results: We identified 1777 admissions for LTx during the study
period, of which 573 (32.2%) were performed in patients with IPF. The number of hospital admissions
for LTx rose from 2016 to 2020, both in patients with and without IPF, but a marked reduction was
observed from year 2019 to year 2020. Over time, the proportion of single LTx decreased and bilateral
LTx increased significantly in both groups. The incidence of LTx complications increased significantly
over time along with the increase in the incidence of IPF. No significant differences in the incidence
of complications or in the IHM between patients with and without IPF were found. Suffering any
complication of the LTx and pulmonary hypertension were conditions positively associated with
IHM in patients with and without IPF. The IHM remained stable from 2016 to 2020 in both study
populations and was not affected by the COVID pandemic. (4) Conclusions: Patients with IPF account
for almost a third of all lung transplants. The number of LTx increased over time in patients with and
without IPF, but a marked reduction was observed from 2019 to 2020. Although the proportion of
LTx complications increased significantly over time in both groups, the IHM did not change. IPF was
not associated with increased complications or IHM after LTx.

Keywords: lung transplant; idiopathic pulmonary fibrosis; incidence; complications; in-hospital
mortality; COVID-19 pandemic

1. Introduction

Lung transplantation (LTx) has been shown to improve the expectations and quality
of life of patients with advanced lung disease [1]. The International Society for Heart
and Lung transplantation has reported an increase in the number of lung transplants in
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the last 20 years of around 4500 patients since 2017, calculating that 3/4 of these are per-
formed in the United States and Europe (55% and 34%, respectively) [2-4]. The diseases in
which LTx is performed have changed in recent years, from chronic obstructive pulmonary
disease (COPD) being the first indication for LTx in 2007 to diffuse interstitial lung dis-
eases currently, of which 32.4% correspond to patients with idiopathic pulmonary fibrosis
(IPF) [5,6]. In this way, up to 60% of lung transplants in the US are due to diffuse interstitial
lung diseases [7]. Although in the antifibrotic era there have been improvements in lung
function in IPF, it is a progressive disease that will inexorably end in respiratory failure
and death after years. That is why the American Thoracic Society, European Respiratory
Society, Japanese Respiratory Society, and Latin American Thoracic Society societies make
a strong recommendation in favour of LTx in these patients, which represents a 75% in-
crease in survival compared to pharmacological treatment, having also proven to be the
only way to improve symptoms, quality of life, and survival over time [8-10]. Despite
the fact that the indications for LTx in patients with IPF are changing, it is important to
identify which patients could benefit from this treatment, as well as the time and age of the
indication, and pay attention to comorbidities such as gastroesophageal reflux, pulmonary
hypertension, obesity, or diabetes mellitus, as they may increase the risk of transplant
complications [11-14].

LTx can be single or double. In recent years, an increase in the number of double-
lung transplants has been detected in the United States and Europe. Although single-LTx
means less time on the surgical waiting list, shorter procedure time, and lower risk of
complications, double-LTx has shown greater survival and fewer chronic graft-versus-host
rejections. Median post-transplant survival is 50% at 5 years [15-17].

The objectives of our study were as follows: (a) to assess the temporal trends in the
incidence of LTx in Spain from 2016 to 2020 among subjects suffering or not from IPF; (b) to
describe and compare the clinical conditions, such as comorbidities, complications of the
transplanted lung, and post-transplant infections of these two populations; (c) to analyse
the temporal trends in the length of hospital stay (LOHS) and the in-hospital mortality
(IHM) among IPF and non-IPF patients who received a LTx; and (d) to assess whether the
COVID 19 pandemic has affected the number or the outcomes of LTx in these patients.

2. Materials and Methods

We conducted an observational study with data obtained from the Registro de Ac-
tividad de Atencion Especializada-Conjunto Minimo Basico de Datos (RAE-CMBD). This
is a hospital discharge database that collects information on all admissions to public and
private hospitals in Spain [18]. We analysed all registries included in the RAE-CMBD from
1 January 2016 to 31 December 2020.

The variables collected by this registry include sex, data of birth, dates of admission
and discharge, and if the patient has died in the hospital. Additionally, for each patient, and
using the International Classification of Disease 10th version (ICD-10), up to 20 diagnoses
and procedures can be recorded.

The study population included subjects who had a code for LTx (ICD-10 codes
OBYxxxx, in any procedure field); LTx were classified as single or bilateral LTx using the
ICD-10 codes shown in Supplementary Table S1. Patients with heart and LTx were excluded.

We grouped admissions by IPF status. We considered IPF patients as those with any
ICD10 codes J84.1xx in any diagnostic position, and the rest as non-IPF patients.

To assess the presence of comorbidities, we used the Charlson comorbidity index
(CCI), using ICD10 codes described by Sundararajan et al. [19]. The CCI was analysed as
a sum for each patient, categorized in none and one or more conditions and providing
results for each of the specific conditions included in the index. Likewise, regardless of the
diagnostic position, the presence of COVID-19 in year 2020 and the presence of pulmonary
hypertension, COPD, asthma, and current tobacco use were evaluated (Table S1).

Procedures such as haemodialysis, extracorporeal membrane oxygenation, and tra-
cheostomy were identified in any of the procedures fields of the database (Table S1).
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The following complications of LTx were considered if recorded in any diagnostic
position: lung transplant rejection, lung transplant failure, lung transplant infection, and
other or unspecified complications of lung transplant (Table S1). Complications were
analysed individually, and if one or more appeared they were designated with the variable
“any complication of LTx".

In addition, we evaluated the presence of pneumonia and ventilator-associated pneu-
monia as complications (Table S1).

Staphylococcus bacteraemia, Gram-negative bacteraemia, Pseudomonas aeruginosa infec-
tion, Aspergillus infection, and Cytomegalovirus infection were identified in the database
using the corresponding ICD10 diagnosis codes (Table S1).

2.1. Statistical Analysis

We performed a descriptive analysis calculating mean with standard deviation (SD)
for continuous variables and total frequencies with proportions for categorical variables.

To assess changes over time we used Cochran-Armitage tests for categorical variables,
and the test for linear trend or the Jonckheere-Terpstra test for continuous variables.

We compared categorical variables using the x? test and continuous variables with the
t-test or the Mann—-Whitney test, as required.

We conducted three multivariable logistic regression models (IPF population, non-IPF
population, and the entire population) with IHM as the dependent variable.

To construct the multivariable models, the steps were as follows: 1. Bivariate analysis
to assess the association of independent variables with the IHM. 2. We selected for the
multivariable analysis those variables with a significant association in the bivariate tests,
as well as other study variables that have been found relevant in previous investigations.
3. The Wald statistic was used to decide, one by one, if variables were included in the model.
Using the likelihood ratio test, consecutive models were compared with the previous ones
as new variables were added. 4. For the final model, linearity and interactions between
variables in the model was checked to identify which study variables were independently
associated with IHM.

Odds ratios (ORs) are provided as measure of association along with their 95% confi-
dence interval (95%CI).

All statistical analysis was performed with Stata version 14 (Stata, College Station,
TX, USA). A p value < 0.05 (2-sided) was considered significant.

2.2. Ethics Statement

The anonymized database of the RAE-CMBD was provided to us by the Spanish
Ministry of Health upon request, and after scientifical and ethical evaluation of our study
protocol [20]. In Spain, the law allows the inclusion of patient’s information in administra-
tive databases without written consent.

3. Results

From 2016 to 2020, we identified 1777 admissions for LTx in Spain. Over the study
period, 573 (32.2%) of all admissions for LTx were performed in IPF-patients. Of these,
291 were single (50.7%) and the remaining bilateral LTx.

The number hospital admissions for LTx (single and bilateral) in IPF-patients can be
seen in Figure 1. The total number increased 26% from 2016 to 2020. The number of single
LTx decreased by 48.5% between 2016 and 2020 from 68 to 35, whereas bilateral increased
by 207%.
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Figure 1. Number of lung transplantations among patients with idiopathic pulmonary fibrosis in
Spain from 2016 to 2020 according to single or bilateral procedure.

Table 1 shows the sociodemographic and clinical conditions of patients who underwent
LTx, according to the presence of IPF. The number of bilateral LTx patients increased (117 in
2016 vs. 176 in 2020) among non-IPF patient, and the number of single LTx decreased from
98 to 43.

The proportion of single LTx decreased significantly over time in patients with and
without IPF (70.8% and 45.6% in 2016 vs. 28.9% and 19.6% in 2020; all p < 0.001); however,
bilateral LTx increased significantly in both groups (in IPF group: 29.2% in 2016 vs. 71.1%
in 2020; in non-IPF group; 54.4% in 2016 vs. 80.4% in 2020; all p < 0.001). Over the entire
study period, IPF patients underwent more single LTx than non-IPF patients (50.8% vs.
28.9%; p < 0.001); however, they underwent less bilateral LTx (49.2% vs. 71.1%; p < 0.001).

A marked reduction was observed from year 2019 to year 2020 among both groups
of patients in the number of LTx (in IPF group: 52 in 2019 vs. 35 in 2020; and in non-IPF
group: 50 in 2019 vs. 43 in 2020).

Among the patients who underwent LTx, there were fewer women than men and
proportionally fewer women in the IPF group vs. the non-IPF group (24.6% vs. 40.9%;
p <0.001).

The age ranged from 0 to 72 years for those without IPF and from 13 to 71 years for
those with this condition. Over the entire study period, the mean age of IPF patients who
underwent LTx was almost 7 years higher than that of those patients without IPF (58.1;
SD 9.0 vs. 51.4; SD 14.2, p < 0.001). Only in non-IPF patients was mean age increased
significantly (p = 0.025) between 2016 and 2020.
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Table 1. Sociodemographic and clinical conditions of patients that underwent a lung transplantation in Spain from 2016 to 2020 according to the presence of a
diagnosis of idiopathic pulmonary fibrosis (IPF).

2016 2017 2018 2019 2020 TOTAL
No IPF IPF No IPF IPF No IPF IPF No IPF IPF No IPF IPF No IPF IPF

N. of transplantations 215 96 228 122 260 101 282 133 219 121 1204 573

Single ™ 98 (45.6)  68(70.8)  104(456) 85(69.7)  53(204)  51(50.5)  50(17.7)  52(39.1)  43(19.6)  35(289)  348(289) 291 (50.8)

Typen (%) pioteralddc 117 (544)  28(29.2) 124 (544)  37(30.3)  207(796)  50(495)  232(823)  81(60.9)  176(804)  86(7L1)  856(71.1) 282 (49.2)
Female sex, n (%) © 83(38.6)  25(26.0) 88 (38.6) 32(262)  114(439)  26(257)  116(41.1) 37 (27.8) 91 (41.6) 21(17.4) 492 (409) 141 (24.6)
Age, mean (SD) b 490 (159) 56.4(9.5) 505(134) 58.1(89) 51.6(13.6) 584(85  527(137) 582(9.2)  52.6(143) 59.1(9.0) 51.4(142)  58.1(9.0)

<45 years, n (%) © 63(29.3)  11(11.5) 63 (27.6) 11 (9.0) 61 (23.5) 6 (6.0) 63 (22.3) 12 (9.0) 49 (22.4) 5(4.1) 299 (24.8) 45 (7.9)
45-54 years, n (%) © 42(195)  14(14.6) 45 (19.7) 20 (164)  48(18.5) 16 (15.8) 50 (17.7) 21 (15.8) 36 (16.4) 17(14.0)  221(184)  88(15.4)
55-64 years, n (%) © 91 (423)  52(542)  105(46.1)  63(51.6)  130(50.0)  60(59.4) 130 (46.1)  72(541)  110(50.2)  72(59.5) 566 (47.0) 319 (55.7)

>65 years, n (%) © 19 (8.8) 19 (19.8) 15 (6.6) 28 (23.0) 21 (8.1) 19 (18.8) 39 (13.8) 28 (21.1) 24 (11.0) 27 (22.3) 118 (9.8) 121 (2L.1)

CCl 1 0c 38(17.7) 53 (55.2) 28 (12.3) 55 (45.1) 56 (21.5) 48 (475) 49 (17.4) 61 (45.9) 36 (16.4) 57 (47.1) 207 (17.2) 274 (47.8)

/(%) >1¢ 177(82.3) 43 (44.8) 200 (87.7)  67(54.9) 204 (785)  53(52.5)  233(82.6)  72(54.1)  183(83.6)  64(52.9) 997 (82.8)  299(52.2)
CCI, mean (SD) © 12(09)  078(12)  125(09)  078(09)  1.09(09)  076(09)  129(1.1)  081(1.0) 126(1.0) 086(1.2)  1.22(1.0) 0.8 (1.0)
LOHS, mean (SD) © 542 (53.8) 485(424) 46.8(37.5) 42.1(32.3) 47.6(42.3) 44.8(39.4) 49.0 (37.4)  49.6 (40.9) 463 (41.9) 39.1 (26.1) 48.7 (42.6)  44.7 (36.5)

THM, n (%) 21 (9.8) 13 (13.5) 22(9.7) 15 (12.3) 32 (12.3) 7 (6.9) 34 (12.1) 16 (12.0) 29 (13.2) 17(141)  138(115)  68(11.9)

CCI: Charlson comorbidity index; LOHS: length of hospital stay; IHM: in-hospital mortality. # p value for time trend for among IPF patients < 0.05. b p value for time trend for among
non-IPF patients < 0.05. € p value for comparison of total values between patients with and without IPF.
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According to the mean CClI, patients without IPF had more comorbidities than those
with IPF (p < 0-001).

The total mean LOHS was significantly shorter in the IPF patients (44.7 days) than
the non-IPF patients (48.7 days, p < 0.001). However, the IHM was similar, 11.5% for IPF
and 11.9% for non-IPF patients. Neither LOHS nor IHM changed significantly from 2016
to 2020 in any study group.

Table 2 shows the prevalence of comorbidities and procedures on hospitalized patients
who underwent LT, according to the presence of IPF.

Table 2. Comorbidities included in the Charlson comorbidity index, pulmonary hypertension and
procedures among hospitalized patients with and without idiopathic pulmonary fibrosis (IPF) who
underwent a lung transplantation in Spain from 2016 to 2020.

IPF 2016 2017 2018 2019 2020 TOTAL
. . . Yes 0(0) 2(1.6) 2(2.0) 1(1.0) 1(0.8) 6 (1.1)
Myocardial infarction, n (%) No 2(0.9) 2 (0.9) 2(0.8) 9(3.2) 3(1.4) 18 (1.5)
. . . Yes 5(5.2) 11 (9.0) 9(9.0) 7 (5.3) 7 (5.8) 39 (6.8)
Congestive heart failure, n (%) No 11 (5.1) 13 (5.7) 9(3.5) 21(7.5) 7(3.2) 61 (5.1)
. . ) Yes 0 (0) 1(0.8) 2 (2.0) 1(0.8) 5(4.1) 9(1.6)
Peripheral vascular disease, n (%) No 4(1.9) 3(1.3) 5(1.9) 6(2.1) 6(2.7) 24 (2.0)
. . Yes 3(3.1) 3(2.5) 2(2.0) 4(3.0) 6 (5.0) 18 (3.1)
Cerebrovascular disease, n (%) No 7(33) 7(3.1) 10 (3.9) 4(14) 14 (6.4) 42 (35)
. Yes 0(0) 0(0) 0(0) 1(0.8) 0(0) 1(0.2)
Dementia, n (%) No 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
L . Yes 9.(9.4) 12 (9.8) 7(6.9) 10 (7.5) 7 (5.8) 45 (7.9)
Rheumatoid disease, n (%) ° No 6(2.8) 11 (4.8) 11 (4.2) 8 (2.8) 6(2.7) 42 (35)
. . ) Yes 1(1.0) 0(0) 0(0) 0(0) 2(1.7) 3(0.5)
Peptic ulcer disease, n (%) No 1(0.5) 2(0.9) 3(1.2) 2(0.7) 2(0.9) 10 (0.8)
Moderate or severe liver disease, n Yes 3(3.1) 54.1) 8(7.9) 12 (9.0) 8 (6.6) 36 (6.3)
(%) No? 9(4.2) 13 (5.7) 14 (5.4) 32 (11.4) 22 (10.1) 90 (7.5)
Diabetes and diabetes with Yes 10 (10.4) 19 (15.6) 15 (14.9) 19 (14.3) 10 (8.3) 73 (12.7)
complications, n (%) No 29 (13.5) 25 (11.0) 28 (10.8) 23(8.2) 17 (7.8) 122 (10.1)
o . Yes 0(0) 2(1.6) 0(0) 0(0) 0(0) 2(0.4)
Hemiplegia or paraplegia, n (%) No 2 3(1.4) 0(0) 0(0) 2(0.7) 5(2.3) 10 (0.8)
. . Yes 1(1.0) 1(0.8) 1(1.0) 3(2.3) 3(2.5) 9(1.6)
Renal disease, n (%) No 2 6 (2.8) 12 (5.3) 4(1.5) 3(1.1) 5(2.3) 30 (2.5)
Cancer and metastatic solid tumour, Yes 2(2.1) 1(0.8) 1(1.0) 2(1.5) 7 (5.8) 13 (2.3)
n (%) No 2 6 (2.8) 3(1.3) 5(1.9) 15 (5.3) 4(1.8) 33 (2.7)
. Yes 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
AIDS/HIV, n (/0) No 0 (0) 0 (0) 1 (038) 0 (O) 1 (05) 2 (02)
. . Yes @ 21 (21.9) 29 (23.8) 25 (24.8) 19 (14.3) 40 (33.1) 134 (23.4)
Pulmonary hypertension, n (%) No 47 (21.9) 49 (21.5) 57 (21.9) 53 (18.8) 50 (22.8) 256 (21.3)
Chronic Obstructive Pulmonary Yes 12 (12.5) 12 (9.8) 16 (15.8) 20 (15.0) 15 (12.4) 75 (13.1)
Disease, n (%) No 113 (52.6) 120 (52.6) 140 (53.9) 167 (59.2) 135 (61.6) 675 (56.1)
. Yes 2(2.1) 1(0.8) 0(0) 2(15) 0(0) 5(0.9)
Asthma, n (%) ° No 3(1.4) 4(18) 8(3.1) 9(3.2) 4(18) 28 (2.3)
. Yes 0 (0) 0 (0) 0(0) 0 (0) 0 (0) 0(0)
Current tobacco use, n (%) No 1(0.5) 0(0) 2(0.8) 0(0) 0(0) 3(03)
o Yes 3(3.1) 5(4.1) 4(4.0) 11 (8.3) 12 (9.9) 35 (6.1)
Haemodialysis, n (%) No 18 (8.4) 22 (9.7) 18 (6.9) 18 (6.4) 19 (8.7) 95 (7.9)
Extracorporeal membrane Yes 2 14 (14.6) 14 (11.5) 22 (21.8) 31(23.3) 30 (24.8) 111 (19.4)
oxygenation, n (%) No ? 31 (14.4) 39 (17.1) 45 (17.3) 76 (27.0) 59 (26.9) 250 (20.8)
. Yes 23 (24.0) 24 (19.7) 24 (23.8) 39 (29.3) 27 (22.3) 137 (23.9)
Tracheostomy, n (%) No 45 (20.9) 49 (21.5) 68 (26.2) 63 (22.3) 45 (20.6) 270 (22.4)

2 p value for time trend < 0.05; ® p value for comparison of total values between patients with and without IPF.
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Regarding comorbidities, in patients with IPF, the prevalence of pulmonary hyper-
tension increased over time (21.9% in 2016 vs. 33.0% in 2020; p = 0.013). In the non-IPF
group, a significantly increase in the frequency of moderate/severe liver disease and hemi-
plegia/paraplegia between 2016 and 2020 was observed. However, the prevalence of
renal disease and cancer/metastatic solid tumour decreased overtime. The prevalence of
rheumatoid disease was significantly higher in the IPF group than in the non-IPF group
(7.9% vs. 3.5%; p < 0.001). Patients without IPF had a significantly higher prevalence of
COPD (56.1% vs. 13.1%) and asthma (2.3% vs. 0.9%) than those with IPF. Current tobacco
use was not codified in any IPF patient and only three non-IPF.

As can been seen in Table 2, in the IPF and non-IPF groups the use of extracorporeal
membrane oxygenation increased significantly between 2016 and 2020 (IPF group: 14.6%
vs. 24.8%, p = 0.036 and in non-IPF group: 14.4% vs. 26.9%, p < 0.001).

Table 3 shows the complications and pathogens isolations after LTx among patients
with and without IPF.

Table 3. Lung transplant complications, pneumonia and pathogen isolations among hospitalized
patients with and without idiopathic pulmonary fibrosis (IPF) who underwent a lung transplantation
in Spain from 2016 to 2020.

IPF 2016 2017 2018 2019 2020 TOTAL
o . Yes 2 15 (15.6) 20 (16.4) 32 (317) 39 (29.3) 36 (29.8) 142 (24.8)
Lung transplant rejection, n (%) No 2 35 (16.3) 29 (12.7) 84 (32.3) 102 (36.2) 56 (25.6) 306 (25.4)
. . Yes ? 1(L1) 7 (5.7) 12 (11.9) 17 (12.8) 16 (13.2) 53 (9.3)
Lung transplant failure, n (%) No 2 8(3.7) 10 (4.4) 28 (10.8) 22(7.8) 16 (7.3) 84 (7.0)
. ) Yes @ 3(3.1) 10 (8.2) 15 (14.9) 25 (18.8) 15 (12.4) 68 (11.9)
Lung transplant infection, n (%) No 18 (8.4) 22(9.7) 39 (15.0) 35 (12.4) 29 (13.2) 143 (11.9)
Other or unspecified complications Yes 2 19 (19.8) 32(26.2) 21 (20.8) 15 (11.3) 17 (14.1) 104 (18.2)
of lung transplant, n (%) No? 49 (22.8) 61 (26.8) 43 (16.5) 43 (15.3) 23 (10.5) 219 (18.2)
Any complication of lung Yes @ 36 (37.5) 58 (47.5) 64 (63.4) 71 (53.4) 63 (52.1) 292 (51.0)
transplant, n (%) No 2 89 (41.4) 104 (45.6) 151 (58.1) 158 (56.1) 98 (44.8) 600 (49.8)
o Yes 6 (6.3) 5(4.1) 4(4.0) 10 (7.5) 10 (8.3) 35 (6.1)
Pneumonia, n (%) No 18 (8.4) 18 (7.9) 26 (10.0) 18 (6.4) 18 (8.2) 98 (8.1)
Ventilator-associated Pneumonia, Yes 1(1.1) 2 (1.6) 1(1.0) 3(2.3) 1(0.8) 8(1.4)
n (%) No 2 (0.9) 2(0.9) 2(0.8) 3(1.1) 7(3.2) 16 (1.3)
o Yes 9(9.4) 12 (9.8) 11 (10.9) 20 (15.1) 15 (12.4) 67 (11.7)
Staphylococcus bacteraemia, n (%) No 23 (10.7) 26 (11.4) 33 (12.7) 27 (9.6) 26 (11.9) 135 (11.2)
I . Yes 7(7.3) 9(7.4) 6(5.9) 8(6.1) 8 (6.6) 38 (6.6)
Gram-negative bacteraemia, n (%) No 15 (7.0) 12 (5.3) 17 (6.5) 23(8.2) 15 (6.9) 82 (6.8)
. . Yes 5(5.2) 11(9.1) 13 (12.9) 11 (8.3) 9(7.4) 49 (8.5)
Pseudomonas aeruginosa, n (%) No 20 (9.3) 16 (7.1) 32 (12.3) 19 (6.7) 23 (10.5) 110 (9.1)
. . Yes 6(6.3) 2(1.6) 6(5.9) 6 (4.5) 3(2.5) 23 (4.1)
Aspergillus,n (%) No 11 (5.1) 7(3.1) 15 (5.8) 23(8.2) 10 (4.6) 66 (5.5)
. . Yes 2(2.1) 3(2.5) 5 (5.0) 10 (7.5) 2(1.7) 22 (3.8)
Cytomegalovirus, n (%) No 3(1.4) 10 (4.4) 19 (7.3) 13 (4.6) 17 (7.8) 62 (5.2)

2 p value for time trend < 0.05.

Around 25% of the patients undergoing LTx suffered LTx rejections, and another 11%
LTx infection. If any possible complications were considered, 51.0% and 49.8% of patients
with and without IPF were affected. None of the LTx complications showed significant
differences when patients with and without IPF were compared.

The proportion of LTx complications showed a significant increase over time in both
groups analysed, specifically lung transplant rejection, lung transplant failure, other /unspecified
complications of lung transplant, and any complication of lung transplant. Furthermore, the
proportion of lung transplant infection in the IPF group increased significantly, almost four
times, between 2016 and 2020 (3.1% vs. 12.4%; p = 0.004).
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Pneumonia and ventilator-associated pneumonia during the hospital admission were
diagnosed in 6.1% and 1.4% of patients with IPF and 8.1% and 1.3% among non-IPF patients
(Table 3).

Regarding isolated pathogens, those most frequently found among IPF patients were
Staphylococcus bacteraemia (11.7%), followed by Pseudomonas aeruginosa (8.5%), and Gram-
negative bacteraemia (6.6%). A very similar prevalence was codified among non-IPF patients.

Shown in Table S2 is the IHM in patients with IPF who underwent a LTx according to
study variables.

IHM was higher in patients with IPF presenting with pulmonary hypertension than
those without this condition (20.9% vs. 9.1%; p < 0.001). Crude IHM in patients with IPF
was higher in single LTx, in women, in patients with higher CCI, and in those with any
complications of lung transplant; however, all these differences were not significant.

The results of comparing the characteristics and the IHM of patients with IPF who
underwent a LTx in years 2019 and 2020 can be seen in Table S3.

Patients operated on in year 2020 had pulmonary hypertension coded in a higher
proportion that those who underwent LTx in year 2019 (33.0% vs. 14.2%; p < 0.001). IHM in
patients with IPF was slightly higher in 2020 (14.0% in 2020 and 12.0% in 2019), but this
difference was not significant. No differences were found between 2020 and 2019 in the
IHM after stratification by type of procedure, sex, age, CCI, pulmonary hypertension, and
any complication of lung transplant.

The results of the multivariable analysis to identify factors associated with IHM after
LTx in Spain from 2016-2020 in patients with and without IPF is shown in Table 4.

Table 4. Multivariable analysis of the factors associated with mortality during hospital admission
for lung transplantation in Spain, 20162020 according to the presence of idiopathic pulmonary

fibrosis (IPF).
IPF NO IPF BOTH
OR (95%CI) OR (95%CI) OR (95%CI)

S Men 1 1 1
ex Women 1.34 (0.75-2.39) 1.14 (0.79-1.65) 1.2 (0.88-1.63)

<45 years 1 1 1
Ave eroups 45-54 years 1.15 (0.41-3.23) 0.9 (0.52-1.55) 0.92 (0.58-1.48)
8¢ group 55-64 years 0.94 (0.37-2.36) 0.9 (0.57-1.43) 0.88 (0.59-1.31)
>65 years 0.55 (0.18-1.65) 0.83 (0.41-1.7) 0.64 (0.36-1.13)

. 0 1 1 1
CClindex >1 1.33 (0.78-2.28) 0.83 (0.51-1.34) 1.07 (0.75-1.53)
A‘iy complication of Yes 1.47 (1.01-2.55) 1.49 (1.03-2.15) 1.48 (1.09-1.98)

ung transplant
Pulmonary Yes 2.48 (1.43-4.31) 1.35 (0.89-2.05) 1.7 (1.23-2.35)
hypertension

2016 1 1 1
2017 0.82 (0.36-1.86) 0.98 (0.52-1.85) 0.93 (0.57-1.53)
Year 2018 0.4 (0.15-1.1) 1.21 (0.67-2.18) 0.92 (0.56-1.5)
2019 0.88 (0.39-1.99) 1.22 (0.68-2.19) 1.1 (0.69-1.76)
2020 0.92 (0.41-2.08) 1.4 (0.77-2.56) 1.24 (0.77-1.99)
IPF Yes NA NA 1.13 (0.8-1.59)

CCI: Charlson comorbidity index. OR: odds ratio. NA: not adequate.

Among patients with IPF, suffering any complication of the lung transplant (OR 1.47;
95%CI 1.01-2.55) and pulmonary hypertension (OR 2.48; 95%CI 1.43-4.31) were conditions
positively associated with IHM. These two same variables showed a significant association
among those without IPF and in the entire population of LTx patients (Table 4). As found
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in the bivariate analysis, the IHM did not changed significantly from 2016 to 2020 in any
study population.

Finally, from 2016 to 2020, and after adjusting by all study variables, IPF was not
associated with IHM after LTx (OR 1.13; 95%CI 0.8-1.59).

4. Discussion

In our study, we identified 1777 patients who received LTx in Spain during the period
2016-2020. Of them, 32.5% were patients with IPF, evidencing an increase in transplants
in patients with this disease over time. However, in 2020 there was a marked reduction,
both in the group of patients with IPF and in those without IPF. This reduction was due to
the SARS-CoV-2 pandemic, and it has also been detected in other series. Thus, in England,
the average number of transplants in the first months of the pandemic was 4 per month,
while in the months of January and February 2020 it was 12.5 per month [21]. In addition,
the number of deceased donors from whom the lungs were offered for transplantation
fell by 48% in this series, mirroring the published experience of other lung transplant
programs, globally [22,23]. Although the antifibrotic drugs Pirfenidone et al. [24] and
Nintedanib et al. [25] have shown less decline in lung function and improved survival,
there continues to be an inexorable progression of the disease towards the development
of respiratory failure, pulmonary hypertension, and death, so in advanced stages of the
disease, the only treatment that has been shown to improve quality of life and survival
is LTx [9,13]. In fact, there is currently an increase in the number of patients with IPF
transplanted, as has been reported by the International Society for Heart and Lung trans-
plantation [3]. In Spain, IPF is the main indication for LTx. Thus, according to data from the
National Transplant Organization (ONT), in 2017 they accounted for 36% of the patients
included on the waiting list and 39% of the recipients had IPF [26].

LTx can be single or double, with the advantages of the former being shorter surgical
time, less trauma, shorter ischemia time, and shorter waiting time on the surgical list [27].
The evidence for performing one or the other procedure is poor, despite the large number
of comparative studies that have been described [28-31]. In our series, single-LTx continues
to be more frequent in the group of patients with IPF. However, in both groups a tendency
to perform a greater number of double-lung transplants over time was detected, with
no significant differences in mortality or complications. In the same way, a recent meta-
analysis showed that double-LTx was associated with better postoperative function, but no
differences were found in long-term survival between the two groups [32]. On the other
hand, in the series by Spratt et al., who analysed 151 patients with IPF who underwent
transplants between 2005 and 2017, no significant differences were detected between
single or double lung transplants [33]. Although the recommendations to date are not
well established and should be individualized for each patient, these authors proposed
reserving single-LTx for older patients with pulmonary hypertension due to shorter waiting
time on the list and shorter surgical time, thus reducing possible complications in more
severe patients [26].

In advanced stages, lung diseases are associated with many comorbidities, both
respiratory and non-respiratory, which affect the quality of life of patients and may interfere
with the transplant prognosis [14,34]. In our series, the group of patients with IPF were
mainly male and younger than the group without IPF, and we detected a greater number
of comorbidities over time in both groups, with pulmonary hypertension being the most
frequent in the group with IPF. The presence of pulmonary hypertension in patients with IPF
is highly variable, ranging from 3% to 86% [14]. In our series, it was found in 23.4% of the
patients with IPF and in 21.3% of those without IPE. Due to the high frequency of pulmonary
hypertension, it is important to perform a correct assessment of pulmonary artery pressure
and right ventricular function in all those patients who are going to undergo a lung
transplant, since the increase in pulmonary artery pressure is associated with increased
graft dysfunction and postoperative mortality [35]. On the other hand, the association of
IPF and pulmonary hypertension in our series led to an increase in mortality compared
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to the group without pulmonary hypertension (20.9% vs. 9.1%). This is since pulmonary
hypertension is one of the main causes of peri-surgical mortality and with the lowest
survival at one year. Despite these facts, in recent years, improvements in the surgical
technique, the use of extracorporeal membrane oxygenation, and better management of
acute rejection have contributed to improve survival in these patients [36,37].

As in our series, the use of extracorporeal membrane oxygenation is becoming
widespread. However, the results obtained in the different series are contradictory and
inconclusive. Thus, there are authors who have associated its use with a higher rate of
complications [38], while others have reported a lower rejection rate in those patients
treated with extracorporeal membrane oxygenation during surgery [39]. In any case, the
development of acute rejection could be related to the use of blood products during surgery,
the fraction of oxygen required, and the clamping technique [40,41].

Another complication in our series, which has been multiplied by four from 2016
to 2020, are infections (3.1% vs. 12.4%, respectively). More specifically, pneumonia occurred
in 6.1% of patients with IPF in 2016, compared to 8.1% in 2020. Infections are one of the
main post-transplant complications, having been described as the second cause of death.
Of these, the most common are respiratory infections, mostly bacterial. In the Spanish
series by Aguilar et al., bacterial pneumonia 4 weeks after transplantation occurred in
up to 44% of transplanted patients [42]. In our series, as in others studied [40,43], the
most frequent pathogen found in solid organ transplants was Staphylococcus aureus.
Infections by multi-resistant microorganisms are usually less frequent and are related to
previous colonization, both by the donor and the recipient [44,45]. In this way, Bunsow
et al. analysed the prevalence of multi-resistant bacteria in 268 lungs from donors to assess
their transmission to the recipient, noting that out of 56.8% detected in the donor, only 4.9%
developed in the recipient. Additionally, of these, only one patient had pneumonia [46]. On
the other hand, cytomegalovirus infections have decreased in frequency to date, possibly
because of specific prophylaxis [47].

Overall, it has been previously described that the survival of transplanted patients is
89% at 3 months, 80% at one year, and 31% at 10 years. The highest number of reported
cases of mortality occur in the first 30 days, due to high rejection or infections, mainly by
cytomegalovirus [48,49]. The group of patients with diffuse interstitial lung diseases are
those with the worst survival rate and the highest IHM, ranging from 10% to 20% [40].

In our series, we did not observe an increase in IHM over time in either of the two
groups. The overall IHM of patients with IPF was 12.7% in patients with a single-lung
transplant versus 11.0% in those with a double-lung transplant. These mortality results are
similar to those described in the Spanish series by Prudencio-Ribera et al., who detected
a figure of 13.4% in the group of patients with diffuse interstitial lung disease, with IPF
being the most frequent disease, detected in 79.6% of patients [48]. It is worth noting the
increase in IHM in 2020 in both groups of patients (not significant), possibly due to the
SARS-CoV-2 pandemic, as has been described in other series [21]. On the other hand,
IHM in our series was higher in patients with a single-lung transplant, in women, and in
those with greater comorbidity, although the results were not statistically significant. The
International Society for Heart and Lung transplantation shows that the main risk factors
for short-term mortality are single-LTx, the IPF itself, and being male [50]. In the series by
Urlik et al., IHM was higher in patients who received a single-lung transplant and in those
in whom the donor was older [51]. On the other hand, in the study by Mosher et al., the
older patients with more comorbidities had the higher IHM [52].

Early IHM in single-LTx has shown contradictory results, with an increase in the series
by Arango et al. [49] and Force et al. [16], who recommend resorting to double-LTx in
younger patients. On the other hand, in the series by Prudencio-Ribera et al., although
long-term survival was higher in the double-LTx group, no significant differences were
found at one month between the two options [48]. In any case, the main causes of IHM are
post-transplant complications. In our series, 50.9% of the patients with IPF and 49.8% of the
patients without IPF had some complication. On the other hand, 25% of the patients with
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IPF suffered acute rejection of the graft and 11% infections. We observed an increase over
time in the rate of complications, mainly acute rejection. Precisely, in the literature, it has
been described that this is the main cause of early post-transplant morbidity and mortality.
To avoid it, it is important to make a correct selection of the donor and the recipient [53].

Our study has several limitations. The main one is that the data have been obtained
from an administrative database, in which the pathologies and procedures are coded
according to the ICD-10-CM. The validity of the RAE-CMBD in identifying LTx has not
been assessed; however, studies conducted in the US, using the National Inpatient Sample,
concluded that discharge databases are reliable and accurate for national epidemiological
investigations [54]. Furthermore, our global results are very similar to those reported by the
Spanish National Registry of Lung Transplantation [55]. Secondly, when collecting the data
from an administrative database, there may be some incomplete cases, depending on the
centre that entered the information. Third, only one post-transplant analysis was performed,
not considering the patients who developed complications or died on the waiting list or
after hospital discharge. Fourth, as it is a heterogeneous population group, with different
pathologies, the level of severity prior to admission was not collected. Fifth, due to the
study design, we cannot establish the causality in the associations found. Sixth, the lung
allocation score has not been considered, which may influence the selection of candidate
patients for transplantation and its success [56]. Finally, we unfortunately do not have
data about the pandemic up to the year 2021; this would be relevant because vaccination
coverage was still not optimal and there are no data about the Beta 1.1 SARS-CoV-2 variant,
which was very aggressive.

Future works, including more detailed clinical and biological data and information
on long term mortality after LTx, should be conducted in our country to improve the
knowledge and management of patients with IPF.

5. Conclusions

In conclusion, patients with IPF account for almost a third of all lung transplants. The
number of LTx increased over time in patients with and without IPF, but a marked reduction
was observed from 2019 to 2020. The proportion of single LTx decreased significantly, while
bilateral LTx increased significantly among both groups. Although the proportion of LTx
complications increased significantly over time, the IHM did not change. IPF was not
associated with IHM after LTx.
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