
Idiopathic pulmonary fibrosis (IPF) is defined in the Amer-
ican Thoracic Society consensus statement as a sponta-

neously occurring (idiopathic) specific form of chronic fibros-
ing interstitial pneumonia limited to the lung and associated 
with a pattern of usual interstitial pneumonia on high resolu-
tion computed tomography (CT) or histologic appearance on 
a lung biopsy [1].

The prevalence of IPF increases with advanced age with presen-
tation commonly occurring in the sixth and seventh decades. IPF is 
rarely seen in patients younger than 50 years of age [1]. The prev-
alence is higher in men than women [2]. Overall, the incidence of 
IPF is increasing worldwide and conservative estimates range from 
3 to 9 cases per 100,000 per year in Europe and North America [3].

The majority of patients have a history of cigarette smok-
ing [1]. Patients commonly report a gradual onset of dyspnea 
on exertion and nonproductive cough over several months. 
Fatigue, fever, myalgias, and arthralgias are rarely reported.

Pulmonary function testing (PFT) in IPF typically demon-
strate a restrictive pattern (e.g. reduced forced vital capacity 
[FVC], but normal ratio of forced expiratory volume in one 
second [FEV1]/FVC), a reduced diffusing capacity for carbon 
monoxide (DLCO), and with disease progression, a decrease in 
the 6-minute walk test (6MWT).

Untreated IPF progression, according to data from the pla-
cebo arm of clinical trials, suggests the rate of decline in FVC 
among untreated patients is 150–200 ml per year [4].

In recent years novel anti-fibrotic treatment for IPF has emerged, 
with drugs slowing the progression of lung fibrosis. Nintedanib, 
a receptor blocker for multiple tyrosine kinases, mediates elabo-
ration of fibrogenic growth factors (e.g., platelet-derived growth 
factor, vascular endothelial growth factor, fibroblast growth factor) 
appears to slow the rate of disease progression in IPF [5,6].

In two subsequent trials (INPULSIS-1 and INPULSIS-2), a 
total of 1066 patients with IPF were randomly assigned to nin-
tedanib 150 mg or placebo twice daily for 52 weeks [6]. In IN-
PULSIS-1, the annual rate of decline in FVC was lower in the 
nintedanib group than the placebo group with a difference of 125.3 
ml/year, 95% confidence interval (95%CI) 77.7–172.8). The re-
sults were similar in INPULSIS-2 where the difference in FVC 
decline was 93.7 ml/year (95%CI 44.8–142.7). In INPULSIS-2, 
an increase in the time to first exacerbation was noted (hazard 
ratio 0.38, 95%CI 0.19–0.77). In a 2-year extension of the TO-
MORROW trial, FVC decline was significantly less in patients 
taking nintedanib 150 mg twice a day compared with placebo 
or a lower dose of nintedanib (125.4 ml/year vs. 189.7 ml/year).
The main benefits were reduction in the rate of decline in lung 
function and longer time to first exacerbation. 



The second anti-fibrotic agent pirfenidone inhibits trans-
-

thesis, decreases the extracellular matrix, and blocks fibroblast 
proliferation in vitro.

A pooled analysis of the combined patient populations of 
three global randomized phase 3 trials of pirfenidone vs. pla-
cebo and a meta-analyses of trials showed a reduction in treat-
ment-emergent all-cause mortality, IPF-related mortality, and 
treatment-emergent IPF-related mortality for pirfenidone ther-
apy compared with placebo [7].

Currently, with these drugs the only change in the course of 
the disease is a slower progression, thus IPF has become the 
most common interstitial lung disease among referrals for lung 
transplantation (LTx) and the second most frequent disease for 
which LTx is performed [8,9]. In the International Society for 
Heart and Lung Transplantation registry IPF is also the most 
frequent reason for LTx.

Moreover, patients with IPF have the highest death rate among 
the diagnostic groups on the transplant waiting list [10]. Thus, 
early referral for transplant evaluation should be considered, 
even before the response to initial medical therapy has been de-
termined [11].

Under the current United Network for Organ Sharing (UNOS) 
system, priority for transplantation is determined by medical 
urgency and expected outcome using a lung allocation score 
(LAS). Scores are normalized to a continuous scale from 1 to 
100, with higher scores representing higher urgency and greater 
potential transplant. In Israel, with the use of the LAS score, IPF 
patients get higher priority for LTx than patients with chronic 
obstructive pulmonary disease (COPD) or pulmonary hyperten-
sion (PHT).

Among 1256 patients transplanted in France between May 
2005 and December 2007, the 1-year survival rate was 74% 
among those with scores in the highest lung allocation quartile 
(LAS 52.0–94.1) and 84% among those in the lowest lung allo-
cation score quartile (LAS 31.1– 37.8) [12]. 

Unfortunately, the 5-year survival rate for LTx in IPF is 
40–50%, compared with a 5-year survival rate of 53% for all 
LTx recipients [13-15].

Studies that compare single lung transplantation (SLT) to 
double lung transplant (DLT) suggest that DLT may have bet-
ter long-term survival [11,13,16]. Following SLT, the low lung 
compliance and high vascular resistance of the remaining native 
lung preferentially direct both ventilation and perfusion to the 
transplanted lung. Cysts, bullae, and bronchiectasis that occa-
sionally develop in the later stages of IPF can act as a nidus for 
infectious complications after SLT.

Mild-to-moderate secondary PHT preoperatively increased 
the risk of reperfusion injury in one study but did not appear to 
affect survival in two retrospective studies [17,18].

To evaluate which of the patients with IPF who undergo LTx 
have higher risk for mortality, we collected data on all IPF pa-

tients who underwent LTx at Rabin Medical Center (Beilinson 
Campus) in Petah Tikva, Israel, between 2010 and 2018. The 
data included demographic characteristics, single or double lung 
transplantation, mortality, parameters of the right heart catheter-
ization (RHC), functional pulmonary test (FPT), echocardiog-
raphy (ECHO) with evaluation of the right, and left ventricles 
function and estimation of the pulmonary arterial pressure; and 
after 2016 if the patient received anti-fibrotic agent prior to LTx.

This retrospective study was conducted at the Rabin Medical Cen-
ter, a 900-bed tertiary care university hospital. The facility is the on-
ly transplantation center in Israel that performs lung transplantation, 
conducting 50–60 procedures per year, for a total of more than 810 
LTx. The study was approved by the hospital’s ethics committee.

Eligible participants were all patients who underwent LTx with 
diagnosis of IPF in the years 2010–2017 at the Rabin Medical 
Center. Mortality data was collected until March 2018.

Data from the patient electronic medical records included: 
 Demographic characteristics
 Diagnosis of IPF in the lung transplantation list
 Date of the transplantation
 Pre-transplantation evaluation of PFT including FVC, FEV1, 
FEV1/FVC, MEF 25, MEF 74, TLC, DLCO
 Pre-transplantation six-minute walk test (6MWT)
 Pre-transplantation saturation at rest and after 6MWT
 Echocardiographic pre-transplantation characteristics, includ-
ing left ventricular ejection fraction (LVEF
 Estimation of the PHT
 Right ventricle (RV) dilatation 
 Dysfunction
 Right heart catheterization (most of patients undergo evalua-
tion with the FICK system, some patients undergo the evalua-
tion in the thermodilution system)
 PHT systolic diastolic and mean
 Mean wedge pressure (PCW mean)
 Cardiac index (CI)
 Cardiac output (CO)
 Pulmonary vascular resistance (PVR) 

We also collected data on anti-fibrotic treatment before trans-
plantation.

Statistical analyses were performed using SAS 9.2 software (SAS 



mortality rate at ages above 65 with  value 0.028 [Figure 1D].
We used the data collection from the right heart catheteriza-

tion pre-transplantation and divided the patients into two groups: 
the group with higher pulmonary pressure had higher mortality 
rates as compared to the groups with lower PHT [Figure 2].

The use of anti-fibrotic treatment in IPF started in 2016. We 
evaluated the survival rate of patients who were treated with 
anti-fibrotic treatment prior to LTx. We found a higher mor-
tality rate in the anti-fibrotic treatment groups compared to the 
non-treatment group (  = 0.0104 in the group taking pirfenidone, 

 = 0.0319 in the group taking nintedanib group) [Figure 3].
We found that each additional year of age increased mortali-

ty HR by 4.6% (95%CI 1.005–1.089). We also found that every 
increase by 1 mmHg in the mean pulmonary pressure increased 
mortality HR by 2.6%, 95%CI 1.000–1.053. 

LVEF reduced the mortality HR by 8.5% for each percentage 
(95%CI 0.855–0.979). We found no significant differences in 
mortality HR in any of the pulmonary function test variables 
beside of the 6MWT, including the DLCO measurement. 

IPF disease has a poor prognosis, thus LTx offers a survival ben-
efit; nonetheless, among patients who undergo LTx, IPF patients 
have the least favorable survival rate. Our study was designed to 
assess the parameters that may play a role in the survival rate of 
IPF patients post LTx.

In our cohort, DLT patients had a significantly worse surviv-
al rate compared to SLT patients. In contrast, previous studies 
showed no difference between these two groups and some even 
showed better prognosis with DLT [11,13,16]. Some of those 
studies showed that DLT patients had better prognosis in the 
long-term but not in the short- or medium-terms. The time frames 
also assumed that those finding also shown in our cohort .Another 
explanation for the differences in our findings may be related to 
selection of patients, as patients chosen for DLT had higher pul-
monary pressure, which possibly lead to a higher mortality rate.

When evaluating the patient 6MWT, we found no differences 
in the distance the patient achieved, although we found a signifi-
cantly higher survival rate in the group of patients with satura-
tion above 80% after 6MWT. du Bois et al. [19] showed similar 
results requiring oxygen after 6MWT predicted worse survival 
following transplantation.

Patients over 65 years of age had a lower survival rate as 
shown in Figure 1D. Indeed Singer et al. [20] recommended that 
recipients over 65 years of age should be identified to maximize 
the net benefits of the transplant. While Singer et al. [21] showed 
that LTx conferred large health-related quality-of-life benefits, 
which do not differ substantially in older recipients. Patients with 

Institute Inc., Cary, NC, USA). Continuous data were expressed 
as mean ± standard deviation or as median and interquantile range 
(25–75 percentiles) as appropriate, and compared by using the 
-test and chi-square.  < 0.05 was considered significant. We 

generated survival curves for IPF LTx patients using standard 
Kaplan–Meier techniques and comparing between the data col-
lection and the defined group. Hazard ratios (HR) and 95% con-
fidence intervals (95%CI) were estimated for each comparison.

During the study period, 148 patients had undergone LTx. The mean 
age was 58.07 ± 9.78 years; 104 males and 44 females. In our cohort, 
58 patients underwent DLT and 90 patients SLT [Table 1]. DLT had 
higher mortality rate compared to SLT (  = 0.0159) [Figure 1A].

When dividing the patients according to the distance reached on 
the 6MWT beyond and below 150 meters, there were no significant 

differences in mortality estimates between the groups [Figure 1B].
We evaluated the saturation after the 6MWT when dividing 

the two groups into those above and below 80%. We found that 
patients with saturation levels below 80% had a higher mortality 
rate [Figure 1C].

We evaluated mortality according to age (younger than 50 years, 
between 50 to 65 years, and older than 65 years). We found higher 
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mean PHT > 30 mmHg had a higher mortality rate; however, 
PVR values were found to have no significant difference. Indeed 
PH is a serious complication for IPF patients that negatively im-
pacts survival [22]. However, following LTx there is resolution of 
PH. Consequently the PVR value had no effect on the mortality 
rate. Similarly, the estimated RV dysfunction as seen on the echo-
cardiogram showed no significant HR difference following LTx, 
we assume that the RV dysfunction results after LTx, those why 
we don’t have any difference between the groups.

Anti-fibrotic drugs may interfere with wound-healing after 
major surgery theoretically prevent sufficient bronchial anasto-
mosis formation after LTx. Leuschner et al. [23] showed that 
previous use of anti-fibrotic therapy does not increase surgical 
complications or postoperative mortality after LTx. Conversely, 
in our study we found a significantly higher mortality rate with 
anti-fibrotic treatment regardless of which medication the pa-
tient received. However, only 14 patients received anti-fibrotic 
treatment (9 nintedanib and 5 pirfenidone) thus, further studies 
with enough participants to provide a statistically sample size 
are warranted to make definite conclusions. 

EF represents the systolic contraction of the left ventricle. 
We found a significantly lower mortality HR in patients with 
higher EF rates. Those with better EF percentage who undergo 
LTx have better heart function and with better prognosis. 

We evaluated the data on the cardiac output from the right 
heart catheterization. This trend was not evident, most probably 

because the majority of patients had higher EF rates and no dif-
ference in cardiac output 

There were no significant differences in any of the pulmo-
nary function test variables. Mackay et al. [24] concluded that 
IPF disease progression is a more sensitive indicator for trans-
plantation referral than any single physiological measure of dis-
ease severity. 

We used data from a single hospital and single center experi-
ence, with data collected from the patient files. All tests (e.g., 
PFT ECHO and RHC) were performed at the same place but 
not always by the same operator. Due to missing data in some 
patients we only evaluated variables that had been recorded for 
most of the patients and used a statistical evaluation and correc-
tion to evaluate the results.

IPF patients with higher mean PHT, age above 65 years, and 
desaturation after the 6MWT have a higher mortality rate after 
LTx. Patients with greater EF have lower mortality rates. DLT 
may decrease survival rate compared to SLT for the short-term 
and also possibly due to selection bias. These results may lead 
to better selection of IPF patient candidates for LTx but more 
studies are needed to determine which patients will have better 
prognosis after LTx.
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The development of vaccines and therapeutics for severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 
will depend on understanding viral immunity. Peng et al. 
studied T cell memory in 42 patients following recovery 
from coronavirus disease-2019 (COVID-19) (28 with mild 
disease and 14 with severe disease) and 16 unexposed 

spanning SARS-CoV-2, except ORF1. The breadth and 
magnitude of T cell responses were significantly higher 
in severe compared to mild cases. Total and spike-
specific T cell responses correlated with spike-specific 
antibody responses. The authors identified 41 peptides 

containing CD4+ and/or CD8+ epitopes, including six 
immunodominant regions. Six optimized CD8+ epitopes 
were defined, with peptide-MHC pentamer-positive cells 
displaying the central and effector memory phenotype. In 
mild cases, higher proportions of SARS-CoV-2-specific 
CD8+ T cells were observed. The identification of T cell 
responses associated with milder disease will support 
an understanding of protective immunity and highlights 
the potential of including non-spike proteins within future 
COVID-19 vaccine design.


