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A B S T R A C T   

Background: Lung transplant is a therapeutic option for patients with progressive interstitial lung disease (ILD). 
Objectives: The objective of this study was to determine whether time from ILD diagnosis to referral to a trans-
plant center influences the probability of being included in the transplant waiting list. 
Methods: We performed a retrospective cohort study including all ILD patients evaluated as lung transplantation 
(LT) candidates at a lung transplant center between 01/01/2017 and 31/12/2022. The primary endpoint was the 
probability of being included in the lung transplant waiting list according to the time elapsed from diagnosis to 
referral to the transplant center. 
Results: A total of 843 lung transplant requests were received, of which 367 (43.5%) were associated with ILD. 
Thirteen patients were excluded because they did not attend the first visit, whereas another 11 were excluded 
because some information was missing. As a result, our final sample was composed of 343 patients. The median 
time from diagnosis to referral was 29.4 (10.9 – 61.1) months. The overall probability of inclusion in the waiting 
list was 29.7%. By time from diagnosis to referral, the probability of inclusion in the waiting list was 48.1% for 
the patients referred 〈 6 months from diagnosis; 27.5% for patients referred 6 to 24 months from diagnosis; and 
25.8% for patients referred 〉 24 months from diagnosis (p = 0.007). 
Conclusions: Early referral to a lung transplant center seemed to increase the probability of being included in the 
lung transplant waiting list. Further research is needed in this topic.    

Abbreviations 
COPD chronic obstructive pulmonary disease 
ILD interstitial lung disease 
IPF idiopathic pulmonary fibrosis 
ISHLT International Society for Heart and Lung Transplantation 
LT lung transplantation 
UIP usual interstitial pneumoniae 

Introduction 

Interstitial lung diseases (ILDs) are a large, heterogeneous group of 

lung diseases with similar clinical, radiological and functional charac-
teristics that primarily affect the interstitial space.1–3 The estimated 
prevalence of ILD is 6.4–76.0 per 100,000 in Europe, and 74.3 per 100, 
000 in the United States.4 However, there is great variability in the 
prevalence of these diseases in global terms.5 

Of the more than 200 subtypes of ILD, idiopathic pulmonary fibrosis 
(IPF) is probably the most widely-known and studied disease, with an 
estimated survival at diagnosis of 2–5 years.6,7 Currently, there are two 
approved antifibrotic treatments available for IPF (pirfenidone and 
nintedanib).8–10 For other ILDs, apart from antifibrotic therapy, other 
treatments available include glucocorticoids, mycophenolate mofetil, 
tocilizumab, rituximab, azathioprine, and methotrexate, to name a few, 
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with different levels of evidence of efficacy for each entity.2 

However, these treatments are not curative and they are occasionally 
ineffective in delaying disease progression.11 It is estimated that 
13–40% of ILD are progressive, with a prevalence of 2.2–20.0 per 100, 
000 inhabitants in Europe and 28.0 per 100,000 inhabitants in USA.4 

Therefore, lung transplantation (LT) should be considered as a thera-
peutic option for patients with progressive ILD, since it is the only 
treatment available for advanced disease, and the only that improves 
functionality significantly and increases survival.12 Indeed, according to 
the International Society for Heart and Lung Transplantation (ISHLT), 
ILDs are the main indication for lung transplantation.13 Additionally, 
due to the relentless progression of the disease, ILDs are the group with 
the highest waiting list mortality.14–17 Along with cystic fibrosis, ILDs 
are the disease that most frequently require urgent LT.18–20 To reduce 
waiting list mortality, some strategies, such as the Lung Allocation 
Score, have been developed to prioritize patients with interstitial 
diseases.21 

Another essential strategy to guarantee transplantation in ILD pa-
tients is appropriate referral to the transplant center. The 2014 ISHLT 
Consensus document for the selection of LT candidates included evi-
dence of UIP or fibrosing non-specific interstitial pneumonitis as referral 
criteria to LT, regardless of lung function.22 The last update of the 2021 
ISHLT Consensus document establishes as an indication for LT the 
availability of evidence of UIP or radiological evidence of probable or 
confirmed UIP, even though treatment is being initiated, in combination 
with other criteria (FVC < 80% or DLCO < 40%; need for oxygen 
therapy; functional decline; among others).23 However, a significant 
number of ILD patients are referred with advanced-stage disease and are 
excluded as LT candidates. 

The aim of this study was to assess whether time from ILD diagnosis 
to referral to the transplant center influences the probability of being 
listed for transplantation. 

Methods 

We performed a retrospective study of all ILD patients evaluated as 
lung transplant (LT) candidates in a lung transplant center (Hospital 
Universitario Marqués de Valdecilla, Santander, Spain) between 01/01/ 
2017 and 31/12/2022. The identification of patients with interstitial 
diseases among the referred candidates was conducted by the medical 
coordinator of the hospital’s lung transplant program, who has extensive 
experience in interstitial diseases and lung transplantation. The study 
was approved by the Ethics Committee (CEIm) of Cantabria under the 
study code 2022.202. Due to the retrospective and non-interventional 
nature of the study, along with loss to follow-up and mortality among 
some patients, the ethics committee granted exemption from informed 
consent. 

Inclusion criteria and follow up 

We included only patients who had been on follow-up for at least 6 
months from the first visit. During follow-up, we considered the 
following situations: inclusion in the transplant waiting list (in which 
case they could have been transplanted, died while on the waiting list, or 
be waiting for transplantation); patients on pre-transplant evaluation; or 
who had completed follow-up in the transplant center (in which case, 
the reason for follow-up discontinuation was recorded). 

In relation to decision-making, the local protocol of the transplant 
center requires that the decision about listing for transplantation must 
be made by a multidisciplinary team of specialists. This team meets 
weekly and is composed of specialists of the units of pulmonology, 
thoracic surgery, anesthesiology, rehabilitation, endocrinology and 
intensive care medicine. In case of absolute contraindication, discon-
tinuation of pre-transplant follow-up without prior evaluation by the 
multidisciplinary team is allowed. Any other decision involving follow- 
up discontinuation for a reason other than patient’s decision, death or 

absolute contraindication shall be made by the multidisciplinary team. 

Endpoints and study variables 

The primary endpoint was the probability of being included in the LT 
waiting list according to the time elapsed from diagnosis to referral to 
the transplant center. The date of ILD diagnosis was required to be 
available on the medical history of the patient prior to inclusion. The 
referral date for all candidates was obtained from the electronic medical 
records for each patient compiled by the hospital’s admissions depart-
ment. All patients are coded upon admission using the ICD-10 classifi-
cation. Patients were divided into three groups according to the time 
from diagnosis to referral: < 6 months, 6 – 24 months and > 24 months. 
The time from referral to first visit was also collected. 

An analysis was performed before and after March 2020 to examine 
the potential influence of the SARS-CoV-2 pandemic on the time from 
diagnosis to referral of ILD patients to the transplant center. 

Other variables at first visit included were related to the de-
mographic (age, sex) and anthropometric (height, weight), character-
istics of ILD patients; cardiovascular risk factors (arterial hypertension, 
diabetes, dyslipidemia, tobacco use); disease-related variables (type of 
ILD, form of diagnosis, treatments received); and functional status 
(functional class, previous rehabilitation, lung function test). Although 
the GAP index (G = gender; A = age; P = physiology variables) was 
originally designed for IPF patients,24 as functional test results are 
similar, the GAP index was calculated in all patients in the first visit. 

Statistical analysis 

Statistical analysis was performed with the IBM SPSS Statistics 20 
software package. Continuous variables were expressed as means and 
+/- standard deviations for normally-distributed data, and as medians 
and interquartile ranges for non-normally distributed data (25th and 
75th P). Categorical variables were presented as frequencies and 
percentages. 

The Kolmogorov-Smirnov test was used to assess normal distribution 
in continuous quantitatve variables. Student’s t-test was used to assess 
the association between a quantitative variable with normal distribution 
and a qualitative variable. Non-normally distributed quantitative data 
were compared with qualitative data using Mann Whitney U test. Chi- 
squared test was used for comparison of qualitative variables. Survival 
was assessed using the Kaplan-Meier test. 

Binary logistic regression was performed to identify factors involved 
in listing for LT. Results were expressed as Odds Ratio (OR) and their 
95% confidence intervals. The variables to be included in univariate 
analysis were selected based on the literature and our clinical and 
research experience. Variables with a p < 0.05 on univariate analysis 
were included on multivariate analysis by backward logistic regression. 

A p value ≤ 0.05 was considered statistically significant. 

Results 

A total of 843 transplant evaluation requests were received by the 
lung transplant unit, of which 367 (43.5%) were associated with ILD. A 
total of 332 patients were excluded for COPD (chronic obstructive pul-
monary disease); 45 for bronchiectasis; 30 for pulmonary arterial hy-
pertension; 68 for other diseases, and one retransplantation candidate. 
Thirteen patients were excluded because they did not attend the first 
visit, whereas another 11 were excluded because some information was 
missing. Therefore, our final sample was composed of 343 lung trans-
plantation candidates with ILD (Fig. 1). 

Table 1 summarizes the characteristics of patients at first visit. Most 
were men (74.6%) diagnosed of IPF (53.6%), mostly with overweight or 
obesity (66.8%), with MRC-m functional class 2-3 (64.5%) and stage-2 
GAP (45.2%). The most remarkable finding was that the median time 
from diagnosis to first visit was 29.4 (10.9 – 61.1) months. The median 
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time from receipt of the evaluation request at the transplant center to 
first visit was 22 days13– 35. By type of condition, median time from 
diagnosis to referral to the transplant center was 21.8 (10.2 – 47.3) 
months for IPF patients; 57.4 (14.1 – 92.1) months for hypersensitivity 
pneumonitis; 23.2 months (8.3 – 53.8) for patients with other-cause 
pulmonary fibrosis; and 53.9 (36.4 – 99.1) months for the group of 
rheumatologic diseases. 

A total of 184 patients (53.6%) were evaluated before March 2020 
versus 159 (46.4%) after that date. The median time from diagnosis to 
referral to the transplant center before March 2020 was 33.2 (12.6 – 
66.9 months) versus 22.4 (9.1 – 55.8) months for patients referred after 
March (p = 0.033) 

Of the 343 patients, 102 (29.7%) were included on the waiting list at 
the date of last follow-up visit. Table 2 contains a comparison of the 
characteristics of patients listed and those who were not listed according 
to their characteristics at the first visit. Notably, the patients who were 
listed for a LT were slightly younger than those who were not included, 
were more frequently female, had higher GAP scores, cardiovascular 
risk factors, poorer pulmonary function tests and had taken part in a 
rehabilitation program more frequently. 

According to the time from diagnosis to referral to the transplant 
center, the probability of being included on the waiting list was 48.1% 
for patients referred within the first six months, 27.5% for patients 
referred 6 to 24 months from diagnosis; and 25.8% for those referred 
more than 24 months after diagnosis (p = 0.007). (Fig. 2) 

Table 3 contains logistic regression results for the variables poten-
tially associated with a higher probability of being included in the LT 
waiting list. Although multiple variables reached statistical significance 
on univariate analysis, multivariate analysis only identified as inde-
pendent variables having completed a rehabilitation program prior to 
referral [OR = 7.179 (3.284 – 15.694); p <0.001] and DLCO [OR =
0.933 (0.898 – 0.969); p < 0.001]. Although the time from diagnosis to 
referral of less than 6 months was a significant factor for inclusion on the 
waiting list in the univariate analysis, it did not reach statistical signif-
icance in the multivariate analysis. 

At the time of analysis, 89 (25.9%) patients underwent trans-
plantation, 9 (2.6%) were on the LT waiting list, and 4 died while 
waiting for transplantation. On another note, 111 patients (32.4%) are 
still on pre-transplant follow-up and 130 (37.9%) discontinued follow- 
up. Of the 130 cases lost to follow up, reasons for discontinuation 
included patient’s decision in 13 (10.0%) cases; disease stability in 6 
(4.6%); death in 22 cases (16.9%), and absolute contraindication in 15 
(11.5%) cases. Of the remaining 74 (56.9%), follow-up was discontinued 
by decision of the multidisciplinary transplant team due to a significant 
cumulative risk for a poor clinical course prior to transplantation. 
(Fig. 3) 

Discussion 

Our study examines the impact of time from ILD diagnosis to referral 
to the transplant center on the probability of being included in the LT 
waiting list. The 2014 ISHLT guidelines already recommended early 
referral after UIP diagnosis, due to the higher associated risk for a poor 
clinical course. However, these recommendations are based on expert 
opinions. To date, the impact of adherence to these guidelines on the 
probability of receiving a transplant had not been evaluated. This is of 
utmost importance, as UIP is the disease with the highest waiting list 
mortality. 

Our results show that early referral of patients with ILD (<6 months 
from diagnosis) has an impact on the probability of being included in the 
LT waiting list. Hence, delayed referral to the transplant center has a 
strong impact on the probability of inclusion in the waiting list. Thus, 
the comparative study of the three groups of patients based on time from 
diagnosis to referral did not reveal any significant baseline differences 
between patients referred < 6 months and the others, except for ILD 
subtype and functional class. In the light of the results obtained, it is not 
striking that the patients referred < 6 months from diagnosis had more 
advanced disease than the others, which explains their higher proba-
bility of being included in the waiting list. 

The fact that patients referred < 6 months from diagnosis was found 
to be associated with a higher probability of inclusion in the waiting list 
may be associated with other factors that are difficult to measure. Our 
lung transplantation center is the center of reference for an area that 
serves 6 million inhabitants. As a result, there are many professionals 
working at different hospitals of distinct levels of healthcare involved. In 
some hospitals, there are specialists of reference available for the 
referral and follow-up of LT candidates. These specialists often work in 
highly-specialized units and have extensive experience in the referral of 
LT candidates. In other lower-level hospitals, human and material re-
sources are limited, and there are no professionals of reference available 
for the evaluation of potential LT candidates. As a result, referring 
physicians are not as experienced in patient selection as physicians 
working in higher-level hospitals. For these reasons, early referral, 
following ISHLT guidelines, is more probable in high-level hospitals 
where professionals of reference are available, with experience in 
candidate referral and pre-transplant preparation, including rehabilita-
tion and vaccination, among others. 

It should be taken into account that the study period includes the 
SARS-CoV-2 pandemic. During the pandemic, the overwhelming work-
load in pulmonology units may have resulted in delayed referral to the 
LT center. Surprisingly, time to referral was significantly shorter in 

Fig. 1. Flow chart of patients referred as lung transplant candidates.  
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Table 1 
Characteristics of patients with ILD at the time of the first consultation at the transplant center.  

N 343 
Sex  

Male 256 (74.6%) 
Female 87 (25.4%) 

Age at first visit (years) 61.5 (56.1 – 64.5) 
Type of ILD  

Idiopathic pulmonary fibrosis 184 (53.6%) 
Hypersensitivity pneumonitis 38 (11.1%) 
Rheumatological diseases 39 (11.4%) 
Idiopathic NSIP 11 (3.2%) 
Hermansky-Pudlak syndrome 2 (0.6%) 
Pulmonary fibrosis from other cause 69 (20.1%) 

Diagnosis form of ILD  
Clinical-radiological 172 (50.1%) 
Histological 171 (49.9%) 

Transbronchial biopsy 36 (21.2%) 
Cryobipsy 57 (33.5%) 
Surgical biopsy 77 (45.3%) 

Time from diagnosis to referral to the transplant center (months) 29.4 (10.9 – 61.1) 
Time from diagnosis to referral to the transplant center  
< 6 months 52 (15.2%) 
6–24 months 109 (31.8%) 
> 24 months 182 (53.1%) 

Time from the evaluation request to the first visit (days) 22 (13 – 35) 
Weight (kg) 77.4 ± 14.74 
Height (cm) 170 (163 – 175) 
BMI (kg/m2) 27.1 (24.3 – 30.1) 
WHO weight classification  

Under weight (< 18.5 kg/m2) 3 (0.9%) 
Normal weight (18.5–24.99 kg/m2) 102 (29.7%) 
Overweight (25–29.99 kg/m2) 153 (44.6%) 
Obesity grade I (30–34.99 kg/m2) 76 (22.2%) 
Obesity grade II (35–39.99 kg/m2) 7 (2.0%) 
Obesity grade III (> 40 kg/m2) 2 (0.6%) 

Arterial hypertension 82 (23.9%) 
Diabetes 55 (16.0%) 
Dyslipidemia 158 (46.1%) 
Smoking  

Never smoker 64 (18.7%) 
Former smoker 277 (80.8%) 
Active smoker 2 (0.6%) 

Accumulated consumption (pack-year) 30 (17 – 40) 
Rehabilitation before referral 148 (43.1%) 
Antifibrotic treatment 179 (52.2%) 
Corticosteroids 142 (41.9%) 
Mycophenolate mofetil 37 (11.1%) 
Azathioprine 14 (4.2%) 
Other immunosuppressants 26 (7.6%) 
Functional class (m-MRC)  

0 22 (6.4%) 
1 53 (15.5%) 
2 118 (34.4%) 
3 100 (29.2%) 
4 50 (14.6%) 

FVC (%) 68.4 ± 21.6 
DLCO (%) 34 (26 – 46) 
TLC (%) 65.1 (55 – 80) 
6MWT (meters) 479.5 (378 – 540) 
PaCO2 (mmHg) 38.0 ± 4.6 
PaO2 (mmHg) 71.8 ± 15.4 
PaO2 classification  
< 60 mmHg 21.4% 
60–80 mmHg 48.1% 
> 80 mmHg 30.5% 

GAP index (points) 4 (3 – 5) 
GAP index  

Stage I (0–3 points) 133 (38.8%) 
Stage II (4–5 points) 155 (45.2%) 
Stage III (6–8 points) 55 (16.0%) 

ILD = interstitial lung disease; kg = kilograms; cm = centimeters; BMI = body mass index; m2 = square meter; WHO = World Health 
Organization; m-MRC = modified medical research council; FVC = forced vital capacity; DLCO = diffusing capacity for carbon monoxide; 
TLC = total lung capacity; 6MWT = six minute walking test; PaO2 = partial pressure of oxygen; PaCO2 = partial pressure of carbon dioxide. 
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patients referred after March 2020, as compared to patients referred 
before the pandemic. This could be explained by the so-called ’era ef-
fect’. In other words, over the years, with the implementation of im-
provements, increased dissemination of recommendations, and better 
training of professionals, there is an impact on healthcare improvement. 

It is remarkable that time from diagnosis to referral was > 2 years, 
despite the fact that half the patients had IPF. These patients are the 
paradigm of patients with a radiological and histological pattern of UIP; 
therefore, these patients should have been referred to the transplant 
center at diagnosis, as established in ISHLT guidelines. However, IPF 
patients were referred earlier than patients with hypersensitivity 
pneumonitis (4 year-delay), and the high delay in referral (53.9 months, 
i.e. > 4 years) of patients with connective tissue disorders is also sur-
prising. The ISHLT recommends earlier referral of this subgroup of pa-
tients to evaluate extrapulmonary manifestations. 

The decision to refer a patient as a LT candidate is challenging and 
involves a thorough evaluation of the patient. Factors to be considered 
are disease-related; along with socioeconomic, functional, emotional, 
anatomical, immunological, and microbiological factors, to name a few. 
Therefore, referral to the transplant center should be performed with 
enough time to be able to perform a condition prior to transplantation. 

Time to referral is of special relevance for patients with interstitial dis-
eases, as they are most frequently progressive. To facilitate decision- 
making, the ISHLT developed a set of referral criteria for lung trans-
plantation. However, in the light of the results obtained, adherence to 
ISHLT recommendations is poor. 

As mentioned above, the evaluation of candidates to transplantation 
is complex and includes very relevant factors, some of which may be 
modifiable. For example, there is evidence that patients with a low so-
cioeconomic status have more limited access to pulmonary transplant25 

or may even have poorer post-transplant outcomes.26 With enough time, 
adequate social support can be provided to these candidates. In addition, 
low body weight and obesity at the moment of transplantation have 
been associated with poorer post-transplant survival.27,28 In contrast, 
loss of weight in obese candidates is associated with improved out-
comes.29,30 It is worth mentioning that only 29.7% of patients in our 
study had a normal body weight at the first visit. However, improving 
the nutritional status of candidates prior to transplantation also requires 
time. Mental disorders are highly prevalent among candidates to LT due 
to the emotional impact of facing a transplant.31 Again, a correct 
approach also requires time. Coronary arterial disease is not infrequent 
among LT candidates. When adequately treated, patients with 

Table 2 
Characteristics of the patients at the first visit based on whether or not they were included in the waiting list for lung transplantation.   

All Inclusion in the waiting list Non-inclusion in the waiting list p 

N 343 102 (29.7%) 241 (70.3%) – 
Age (years) 61.4 (56.1 – 64.5) 60.3 (54.7 – 62.6) 61.9 (56.4 – 64.9) 0.001 
Sex    0.010 

Male 256 (74.6%) 67 (65.7%) 189 (78.4%) 
Female 87 (25.4%) 35 (34.3%) 52 (21.6%) 

Type of ILD    0.050 
IPF 184 (53.6%) 45 (44.1%) 139 (57.7%) 
HP 38 (11.1%) 17 (16.7%) 21 (8.7%) 
Other-cause PF 82 (23.9%) 29 (28.4%) 53 (22%) 
Rheumat. diseases 39 (11.4%) 11 (10.8%) 28 (11.6%) 

GAP 4 (3 – 5) 4 (4 – 5) 4 (3 – 5) <0.001 
GAP    0.001 

Stage I 132 (38.6%) 24 (23.5%) 108 (45%) 
Stage II 155 (45.3%) 58 (56.9%) 97 (40.4%) 
Stage III 55 (16.1%) 20 (19.6%) 35 (14.6%) 

Time from diagnosis to referral to the transplant center (months) 29.4 (10.9 – 61.1) 23.7 (6.9 – 58.9) 30.5 (12.5 – 67.1) 0.062 
Time from diagnosis to referral to the transplant center    0.007 
< 6 months 52 (15.2%) 25 (48.1%) 27 (51.9%) 
6 – 24 months 109 (31.8%) 30 (27.5%) 79 (72.5%) 
> 24 months 182 (53.1%) 47 (25.8%) 135 (74.2%) 

Diagnosis form of ILD    0.011 
Clinical-Radiological 172 (50.1%) 41 (40.2%) 131 (54.4%) 
Histological 171 (49.9%) 61 (59.8%) 110 (45.6%) 

Functional class (m-MRC)    0.090 
0 22 (6.4%) 3 (2.9%) 19 (7.9%) 
1 53 (15.5%) 11 (10.8%) 42 (17.4%) 
2 118 (34.4%) 35 (34.3%) 83 (34.4%) 
3 100 (29.2%) 38 (37.3%) 62 (25.7%) 
4 50 (14.6%) 15 (14.7%) 35 (14.5%) 

BMI (kg/m2) 27.1 (23.3 – 30.0) 27.3 (24.5 – 29.3) 26.9 (24.3 – 30.7) 0.693 
Arterial hypertension 82 (23.9%) 14 (13.7%) 68 (28.2%) 0.002 
Diabetes 55 (16%) 8 (7.8%) 47 (19.5%) 0.004 
Dyslipidemia 158 (46.1%) 53 (52.0%) 105 (43.6%) 0.096 
Smoking    0.449 

Never smoker 64 (18.7%) 22 (21.6%) 42 (17.4%) 
Active smoker 2 (0.6%) 0 (0%) 2 (0.8%) 
Former smoker 277 (80.8%) 80 (78.4%) 197 (81.7%) 

Accumulated consumption (pack-year) 30 (17 – 40) 30 (20 – 44.25) 29 (15 – 40) 0.632 
Rehabilitation 148 (43.1%) 79 (77.5%) 69 (28.6%) < 0.001 
Antifibrotic treatment 179 (52.2%) 50 (49%) 129 (53.5%) 0.259 
FVC (%) 67.0 (52.0 – 81.1) 58.3 (47.5 – 71) 71.4 (55 – 89) <0.001 
DLCO (%) 34 (26 – 46) 27 (20.9 – 34.2) 38.8 (28.5 – 50.9) <0.001 
6MWT (meters) 479.5 (378 – 540) 469 (377.2 – 525) 484 (377.5 – 545) 0.200 
PaO2 (mmHg) 72 (61 – 83) 66 (59 – 72.1) 76 (63.3 – 86.9) <0.001 
PaCO2 (mmHg) 38 (35 – 41) 38 (35 – 41) 38 (34.7 – 40.8) 0.706 

ILD = interstitial lung disease; IPF = idiopathic pulmonary fibrosis; HP = hypersensitivity pneumonitis; PF = pulmonary fibrosis; BMI = body mass index; m2 = square 
meter; m-MRC = modified medical research council; FVC = forced vital capacity; DLCO = diffusing capacity for carbon monoxide; 6MWT = six minute walking test; 
PaO2 = partial pressure of oxygen; PaCO2 = partial pressure of carbon dioxide. 
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pre-transplant coronary arterial disease have similar outcomes as other 
candidates.32–36 However, both, the revascularization process and 
duration of dual anti-platelet therapy are time-consuming, and time is 
crucial in LT. 

One of the most important pre-transplant interventions is rehabili-
tation. Thus, there is evidence that rehabilitation improves patient’s 
quality of life, tolerance to physical exercise and clinical outcomes after 
the procedure.37–39 At referral, only 43.1% of patients had been referred 
to a respiratory rehabilitation program. It is striking that we did not find 
any differences across the three groups of time to referral, in terms of 
previous rehabilitation. Up to 40.4% of patients referred < 6 months 

from diagnosis had already been evaluated for rehabilitation. Indeed, 
having completed a rehabilitation program prior to referral was the 
independent factor that best predicted the probability of inclusion in the 
LT waiting list. This factor had a higher predictive value than the 
characteristics of the disease, pharmacological treatments, cardiovas-
cular risk factors, or functional status. 

Inter-hospital coordination is essential, given the geographic 
dispersion of pulmonary transplant centers. The timing of listing by the 
transplant center is as relevant as appropriate referral by the referring 
center. To increase adherence to ISHLT referral criteria, several online 
sessions have been held in our center in the last two years between the 

Table 3 
Logistic regression analysis of variables related to inclusion in the waiting list for lung transplantation.   

Univariate Multivariate  

OR 95% CI p OR 95% CI p 

Age 0.964 0.934 – 0.994 0.020 – – – 
Sex (male) 0.014 0.316 – 0.878 0.014 – – – 
GAP       

Stage I 0.389 0.192 – 0.787 0.009 – – – 
Stage II 0.889 0.553 – 1.981 0.889 – – – 
Stage III Ref. – – – – – 

Functional class       
0 Ref. – – – – – 
1 1.659 0.414 – 6.639 0.474 – – – 
2 2.671 0.742 – 9.607 0.133 – – – 
3 3.882 1.076 – 14.001 0.038 – – – 
4 2.714 0.697 – 10.571 0.150 – – – 

BMI 1.010 0.984 – 1.038 0.446    
Arterial hypertension 0.405 0.216 – 0.760 0.005 – – – 
Diabetes 0.351 0.160 – 0.773 0.009 – – – 
Dyslipidemia 1.401 0.880 – 2.229 0.155    
Rehabilitation 8.562 4.980 – 14.720 <0.001 7.179 3.284 – 15.694 < 0.001 
Antifibrotic therapy 0.445 0.525 – 1.327 0.445    
Corticosteroids 1.740 1.084 – 2.791 0.022 – – – 
FVC (%) 0.966 0.953 – 0.979 < 0.001 0.980 0.959 – 1.002 0.077 
DLCO (%) 0.934 0.911 – 0.957 < 0.001 0.933 0.898 – 0.969 < 0.001 
6MWT 0.999 0.997 – 1.001 0.549    
PaO2 0.960 0.941 – 0.979 < 0.001 – – – 
PaCO2 1.011 0.954 – 1.071 0.711    
Time from diagnosis to referral to the transplant center       
< 6 months 2.660 1.406 – 5.030 0.003 – – – 
6 – 24 months 1.091 0.638 – 1.864 0.751 
> 24 months Ref. – – 

BMI = body mass index; FVC = forced vital capacity; DLCO = diffusing capacity for carbon monoxide; 6MWT = six minute walking test; PaO2 = partial pressure of 
oxygen; PaCO2 = partial pressure of carbon dioxide. 

Fig. 2. Probability of inclusion in the waiting list according to the time from diagnosis of ILD to referral to the transplant center.  
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transplant center and referring centers to raise awareness about the 
referral criteria for the most frequent entities. In addition, apart from the 
ISHLT consensus document, other clinical guidelines and consensus 
documents should make emphasis on these criteria. For example, the 
latest ATS/ERS/JRS/ALAT clinical guidelines for the management of 
IPF consider referral to the transplant center at diagnosis among treat-
ment options, but only in cases of "increased risk of mortality".40 This 
specification is not included in ISHLT recommendations, and IPF is a 
severe disease with a poor 5-year prognosis where LT should be 
considered. The Spanish guidelines for the pharmacological manage-
ment of IPF do not include this requirement either. Thus, its treatment 
algorithm suggests that referral to the transplant center is performed in 
advanced stages of the disease.41 

Limitations and strengths 

Although our results are of special relevance, they should be 
considered cautiously due to the limitations of the study. Firstly, it is a 
single-center study. Therefore, decision-making about listing is made by 
a sole transplant team. Although this team has 25-year experience, de-
cisions are based on its experience and resources available. Additionally, 
it is a retrospective study, and some information was missing in relation 
to the study variables. In this study, we examined referral to the trans-
plant center. The LT team has room for maneuver beyond the dissemi-
nation of information, as the final decision about referral falls on the 
referring physician; therefore, there was broad variability in referrals. 
Socioeconomic factors were not evaluated. However, the Spanish 
healthcare system is public, and all citizens, regardless of their socio-
economic status, have access to lung transplantation. On the other hand, 
the study has several strengths: it was conducted in a center with over 25 
years of experience in lung transplantation, with a high transplant 

volume (over 40 per year), and in one of the world’s leading countries in 
terms of the number of donors and transplant procedures performed. 
Additionally, a large number of variables have been included, enabling 
robust conclusions to be drawn. 

Conclusion 

It seems that an early referral of patients with advanced ILD to 
transplant units could impact the probability of being listed for lung 
transplantation. 
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