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Original Research Article

mRNA vaccines protect from the lung microvasculature injury and the 
capillary blood volume loss occurring in SARS-CoV-2 paucisymptomatic 
infections
Roberto W. Dal Negro1, Paola Turco2, Massimilano Povero3

1National Centre for Respiratory Pharmacoeconomics and Pharmacoepidemiology - CESFAR, Verona, Italy; 2AdRes Health Economics 
and Outcomes Research, Torino, Italy

Introduction: The reduction of lung capillary blood volume (Vc) had been identified as the microvascular injury 
mostly underlying the respiratory Long-COVID syndrome following post-COVID-19 pneumonia. The same 
kind of injury has been recently also found in several individuals after milder paucisymptomatic SARS-CoV-2 
infections. Though current guidelines strongly recommend vac cination, studies aimed to investigate the in vivo 
protection of anti-SARS-CoV-2 vaccines on lung microvascular targets still are missing to our best knowledge. 
Aim: to assess the protection of mRNA vaccines from the reduction of lung capillary blood volume (Vc) caused 
by paucisymptomatic SARS-CoV-2 infections in vaccinated compared to unvaccinated individuals.
Methods: Non-smoking individuals with recent paucisymptomatic SARS-CoV-2 infection were divided into 
vaccinated and unvaccinated groups. Lung function parameters, including single-breath diffusing capacity and 
microvascular blood volume, were compared between groups.
Results: Fifty vaccinated and twenty-five unvaccinated well-matched individuals were studied. Differently than 
usual lung function parameters, only the single-breath simultaneous assessment of sDLCO, sDLNO/sDLCO ratio 
and Vc allowed to identify the occurrence of the lung microvascular injury with high sensitivity and specificity 
(p<0.001).
Conclusion: mRNA vaccines proved to exert a high protection from the loss of lung capillary blood volume (Vc) 
induced by SARS-CoV-2 paucisymptomatic infections (p<0.001). The availability of this non-invasive investiga-
tional model should be regarded as a very helpful tool for assessing and comparing in vivo the protective effect of 
mRNA vaccines on the human microvascular structures of the deep lung.

Key words: Long COVID; mRNA vaccines; lung function; DLNO and DLco single-breath simultaneous  measure; 
lung microvascular injury; lung capillary blood volume
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Introduction

The SARS-CoV-2 outbreak of late 2019 caused 
a tremendous public health impact worldwide during 
the following couple of years, with over half a billion 
confirmed cases and around seven million deaths as 
 reported by the World Health Organization [1].

SARS-CoV-2 infections showed variable 
 severity, ranging from the serious COVID-19 dis-
ease with acute respiratory failure (frequently fatal) 
to a mild clinical picture mostly involving only up-
per airways [2-5]. In general, the onset of infection 
is characterized by fever, dysgeusia, fatigue, anorexia 
and respiratory symptoms, such as: cough, expectora-
tion, and dyspnea, of variable severity, duration and 
evolution [6-10].

It was shown that around 40% of patients are still 
complaining variable dyspnea associated to limita-
tion in their quality of life for several weeks/months 
after their recovery from COVID-19 pneumonia (the 
Respiratory Long-COVID Syndrome) [11-14]. Our 
group demonstrated a substantial reduction of lung 
capillary blood volume that persists for several weeks 
in these cases [15].

Though previously underestimated and mostly 
regarded as merely due to psychological factors [6,16-
18], long-lasting dyspnea associated to the same kind 
of pathophysiological lung disorders was also assessed 
by our group in a not negligible proportion of subjects 
following paucisymptomatic COVID-19 syndromes 
[19,20], thus supporting the occurrence of a substan-
tial reduction of lung capillary blood volume also in 
these milder conditions.

Current guidelines recommend vac cination 
against SARS-CoV-2 of all eligible individuals [21-
27]. However, despite the huge number of investiga-
tions focusing the biological and immunological effects 
of anti-COVID vaccines, pathogenetic studies aimed 
to investigate and assess their protection on specific 
lung structural targets in vivo still are missing to our 
best knowledge. mRNA vaccines are of great interest 
from this point of view because they were found to 
be highly effective in preventing the SARS-CoV-2 in-
flammatory aggression and safe [28-30].

Aim of the study was to compare the protec-
tion of mRNA vaccines against the reduction of lung 

capillary blood volume caused by paucisymptomatic 
SARS-CoV-2 infection in vaccinated and unvacci-
nated individuals.

Methods

Study design

Non-smoker patients of both genders, aged 
≥18 years, referring to our Specialist Medical Centre 
(CEMS) between September 1, 2021 and June 30, 
2023 after a paucisymptomatic SARS-CoV-2 infec-
tion (without any pneumonia) managed at home for a 
few days over the last six months before the date of re-
cruitment were enrolled after their informed consent.

Exclusion criteria were: current and former-
smoke habit; age < 18 years; comorbidities able to 
affect the diffusion capacity, namely: anemia (blood 
hemoglobin [Hb] <12g/L); heart failure, COPD; lung 
fibrosis; vasculitis; liver and renal failure; diabetes; any 
previous hospital admission for COVID pneumonia; 
any inflammatory parenchymal lesion radiologically 
(CT scan) documented over the last three months 
before recruitment; physical and/or cognitive impair-
ment enabling procedures for lung function tests; re-
fusal of consent.

The sample was divided in two groups: 1) vac-
cinated subjects at least two months before their 
paucisymptomatic SARS-CoV-2 infection, and: 2) 
unvaccinated individuals because no-vax, in propor-
tion of 2:1.

The protocol is shortly described further be-
low. All subjects were investigated by means of usual 
 spirometric parameters and current diffusing capacity 
for carbon monoxide (DLCO), associated with the non-
invasive simultaneous single-breath measurements of 
DLCO (sDLCO) and nitric oxide (sDLNO), the sDLNO/
sDLCO ratio, and the lung capillary blood volume (Vc). 
The simultaneous single-breath method for assessing 
sDLCO and sDLNO (5 seconds breath hold time) was 
added to current DLco measures (10 seconds breath 
hold time) because current DLCO is intrinsically un-
able to discriminate abnormalities occurring at the 
alveolar level (such as, the membrane diffusing con-
ductance - DM) from those attaining the vascular side 
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of the blood gas exchange (such as, the total volume 
of blood in the lung capillaries exposed to alveolar air 
- Vc). In fact, as the binding of NO with intracapil-
lary haemoglobin (Hb) is extremely faster than that 
one of CO, sDLNO mainly informs on the condition of 
the epithelial surface of the alveolar membrane, while 
sDLCO mainly informs on the vascular phase of dif-
fusion through the membrane. Moreover, only when 
sDLNO and sDLCO are simultaneosly measured, the 
sDLNO/sDLCO ratio can be calculated. Obviously, 
higher the ratio, lower the value of sDLco, and then 
of the lung capillary blood volume (Vc). These are the 
reasons why the single-breath method for assessing 
sDLCO and sDLNO simultaneously is recommended 
for investigating the different factors affecting the de-
terminants of diffusing capacity [31].

Current dyspnea was graded at recruitment by 
means of the Modified British Medical Research Coun-
cil dyspnea score (mMRC-DS) in all subjects according 
to the British Thoracic Society (BTS) recommenda-
tions [31]. The duration of dyspnea was also calculated 
in days from the resolution of acute symptoms.

Data collected

Age, sex, body mass index (BMI), blood Hb 
(in g/L), % O2 saturation (SpO2 %), the mMRC-
DS and comorbidities were recorded together with 
the therapeutic approach to the paucisymptomatic 
COVID infection at home. Information on anti-
COVID vaccinations received before the SARS-
CoV-2 infection were also collected.

Lung function parameters collected were: Vital 
Capacity (VC), Forced Expiratory Volume in 1 sec 
(FEV1), current DLCO, sDLCO and sDLNO, sDLNO/
sDLCO ratio, and Vc. All parameters have been re-
ported as % predicted. A Plethysmography Platinum 
DX Elite (MedGraphics, USA) was used for assessing 
spirometric parameters and usual DLCO (10 seconds 
breath hold time). sDLCO and sDLNO (5 seconds breath 
hold time) were obtained simultaneously by means of 
the “Stand-Alone” Hypair Compact System (MGC 
Diagnostics International, Sorinnes, Belgium) that 
allows noninvasively the simultaneous assessment of 
diffusing membrane conductance (DM) and Vc (such 
as the vascular side of alveolar/capillary membrane) 

as a function of the standard single-breath method. 
This method is based on the principle by Roughton & 
 Forster [32,33]: 1/DL=1/DM+1/Ø Vc, where 1/DL is 
the total resistance to the NO absorption and the CO 
uptake; 1/DM is the resistance opposed by the alveolar 
membrane, and 1/Ø Vc is the diffusion resistance to 
the red cell membrane and Hb combination [32,33]. 
As NO and CO are characterized by different solubili-
ties for plasma, the method is based on the principle of 
two distinct reactions of Theta fractions, one for NO 
and the other for CO, during the same single breath.

Ethics

The study was approved by the Ethical and Scien-
tific Commission of the National Centre for Respira-
tory Pharmacoeconomics and Pharmacoepidemiology 
during the session of May 2nd, 2021. At recruitment, all 
subjects gave their informed consent also to the anony-
mous use of their own data for  research purposes.

Statistical analysis

A pre-specified sample size calculation was per-
formed based on the mean difference of spirometric 
and diffusive parameters according to the formula for 
unmatched samples n=(1+1/c) (z1-α+z1-α)2/α2, where 
α=5% and α=20% are the type I and II errors, respec-
tively. Δ is the standardized mean difference defined 
as the mean difference d of each parameter between 
the two groups divided by its standard deviation, and 
c is the ratio between vaccinated and unvaccinated 
patients. As vaccinated patients were expected to be 
more frequent than unvaccinated patients, a ratio of 
2:1 (i.e., c=2) was chosen for the sample size calcu-
lation. Conservatively it was assumed that the mean 
value for each parameter considered in the group of 
unvaccinated patients would be 10% lower than the 
corresponding mean value in the group of vaccinated 
patients (for RV and sDLNO/sDLCO ratio, it was as-
sumed an increase of 10%). The standard deviation of 
their mean difference was calculated assuming that the 
standard deviation for each parameter was equal to 
40% of the mean value in both groups, and a plausible 
linear correlation α=0.5 for each parameter between the 
two groups. According to these assumptions, a total 
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their GPs and were prescribed with anti-inflammatory 
drugs (100%), antimicrobics (64% macrolides; 24% α-
lactams; 10% quinolones), and systemic steroids (92%) 
for a few days. The distribution of prescriptions was 
not significantly different in the two groups (p=ns). 
Nirmatrelvir/ritonavir had never been used in the pa-
tients recruited.

All vaccinated subjects received three doses of 
mRNA vaccines (two doses and one buster) over an 
average of 163 days ±39 sd before the onset of their 
paucisymptomatic COVID syndrome. Vaccines used 
were Pfizer (55%) and Moderna (44%), respectively.

Baseline characteristics of subjects are reported 
in Table 1. At recruitment, the two groups were 
well matched for age, sex, BMI, Hb and prevalence 
of comorbidities. Moreover, the distribution of co-
morbidities was comparable in the two groups, such 
as: bronchial asthma (6); overweight (5), and blood 
hypertension (4) in the group of vaccinated subjects, 
while bronchial asthma (3); overweight (2), and blood 
hypertension (2) in the unvaccinated group, respec-
tively. The mean dyspnea score was 0.3 (SD=0.5) in 
vaccinated subjects, while 1.1 (SD=0.8) in unvacci-
nated individuals (p<0.0001). Moreover, mean SpO2 
was higher in vaccinated than in unvaccinated indi-
viduals: 97.6% (SD=0.8) and 96.8% (SD=1.4), respec-
tively (p< 0.0018).

Mean values of spirometric parameters (namely, 
VC and FEV1) were in the normal range in both 
groups and no statistical difference was found between 
groups (Table 2). Similarly, no difference was observed 

of at least 60 patients (40 vaccinated and 20 unvac-
cinated) should be enrolled in the study.

Continuous data were presented as means and 
standard deviation (SD), while gender and prevalence 
of comorbidities as absolute and relative frequencies. 
Differences assessed in baseline between the two sub-
sets of patients were tested by non-parametric Wilcoxon 
test (for continuous variables) and Fisher exact test (for 
gender and comorbidities). Differences in lung function 
parameters were estimated by a generalized linear model 
(gamma family) adjusting for all the characteristics avail-
able at enrollment. Results were reported as adjusted 
mean difference (AMD) and confidence intervals (CI). 
Moreover, the association between lung parameters and 
dyspnea was also investigated by ANOVA test using 
the variable mMRC-DS as categorical independent 
variable. Pairwise comparison (i.e. mMRC-DS=0 vs. 
mMRC-DS=1, mMRC-DS=0 vs. mMRC-DS=2, etc.) 
were expressed in terms of p-value adjusted for multiple 
comparison using the Sidak correction.

A p < 0.05 was considered statistically significant. 
All statistical calculations were carried out by means of 
STATA (StataCorp. 2017. Stata Statistical Software: 
Release 15. College Station, TX: StataCorp LLC).

Results

A total of 75 subjects were recruited: fifty 
 vaccinated and twenty-five unvaccinated individuals. 
Patients of both groups had been managed at home by 

Table 1. Baseline characteristics of patients.

Parameters Vaccinated Unvaccinated p

N 50 25

Mean age (SD) 57.0 (14.5) 51.5 (11.5) 0.0580

Male (%) 28 (56.0%) 15 (60.0%) 0.4690

Mean BMI (SD) 25.0 (4.5) 26.3 (3.7) 0.2163

Al least 1 comorbidity (%) 21 (42.0%) 6 (24.0%) 0.1000

Mean Hb (SD) 13.9 (0.3) 14.1 (0.3) 0.0571

Mean SpO2 (SD) 97.6 (0.8) 96.8 (1.4) 0.0018

Mean mMRC-DS (SD) 0.3 (0.5) 1.1 (0.8) <0.0001

BMI: body mass index; Hb: blood hemoglobin; mMRC-DS: Modified British Medical Research Council dyspnea score; SD: 
standard deviation; SpO2: saturation.
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Table 2. Comparison of diffusive and spirometric parameters between vaccinated and non-vaccinated patients and statistical 
significance.

Parameters Vaccinated Unvaccinated MD (95% CI) AMD (95% CI)

FEV1 95.4 (14.4) 91.4 (14.0) 4.1 (-2.7 to 10.8), p=0.239 6.2 (-1.0 to 13.4), p=0.093

VC 102.6 (13.5) 98.4 (13.4) 4.2 (-2.2 to 10.7), p=0.195 6.5 (-0.2 to 13.3), p=0.058

DLCO 93.7 (13.7) 90.9 (20.8) 2.8 (-5.0 to 10.6), p=0.480 2.8 (-6.0 to 11.6), p=0.536

sDLCO 82.8 (11.9) 73.6 (10.5) 9.2 (4.0 to 14.5), p=0.001 10.5 (4.4 to 16.7), p=0.001

sDLNO 90.7 (11.6) 82.6 (13.8) 8.1 (2.3 to 14.0), p=0.006 8.8 (2.2 to 15.4), p=0.009

sDLNO/sDLCO ratio 109.9 (6.3) 117.7 (8.6) -7.8 (-11.3 to -4.3), p<0.001 -8.7 (-12.6 to -4.8), p<0.001

Vc 65.1 (9.9) 54.1 (10.1) 11.0 (6.5 to 15.6), p<0.001 12.0 (7.0 to 16.9), p<0.001

AMD: adjusted mean difference; DLCO: current diffusing capacity for carbon monoxide; FEV1: Forced Expiratory Volume in 1 sec; 
MD: mean difference; sDLCO: single-breath diffusing capacity for carbon monoxide; sDLNO: single-breath diffusing capacity for 
nitric oxide; VC: Vital Capacity; Vc: lung capillary blood volume.

Figure 1. Distributions of vaccinated and unvaccinated subjects according to optimal cut-off values 
for sDLNO/sDLCO ratio (113.5) and Vc (58.5) [see reference 20].
sDLCO: single-breath diffusing capacity for carbon monoxide; sDLNO: single-breath diffusing capacity for nitric 
oxide; Vc: lung capillary blood volume.

in the current DLCO between vaccinated and unvacci-
nated (p< 0.536). Conversely, sDLCO, sDLNO, sDLNO/
sDLCO and Vc were highly discriminant, with signifi-
cant differences in favor of vaccinated subjects (ranging 
between p<0.009 and p< 0.001) (Table 2). It should be 
also underlined that the distribution of sDLNO/sDLCO 
and Vc values below their optimal cut-off values for 
normality [19,20] appeared quite different between 
groups and dramatically in favor of vaccinated subjects 
(Figure 1 and Table 3). Specifically, about two third of 
vaccinated patients lie in the quadrant sDLNO/sDLCO 
ratio<113.5 and Vc>58.5, while almost half of the un-
vaccinated patients lie in the opposite quadrant (i.e., 
sDLNO/sDLCO ratio>113.5 and Vc<58.5).

The distribution of mean values for each lung 
function parameter collected are reported by mMRC-
DS categories in Figure 2 and comparison among 
groups is detailed in Table 4.

The distribution of sDLCO, sDLNO/sDLCO ratio 
and Vc seem to be strongly associated with mMRC-
DS categories (ANOVA test p <0.005). After adjusting 
for multiple comparison, distribution of Vc in patients 
with MRC-DS=2 is significantly different from the 
distribution in patients with both MRC-DS=0 and 
MRC-DS=1, and distribution of sDLCO in patients 
with MRC-DS=2 is significantly different from the 
distribution in patients with MRC-DS=0 (Table 4).
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Table 3. Distribution of subjects with sDLNO/sDLCO ratio and Vc values under and over optimal cut-off values for normality 
in both groups (see reference 20).

Vaccinated ratio<113.5 ratio>113.5 Unvaccinated Vc<58.5 Vc>58.5

Vc>58.5 66% 6% ratio<113.5 4% 24%

Vc<58.5 10% 18% ratio>113.5 24% 48%

sDLCO: single-breath diffusing capacity for carbon monoxide; sDLNO: single-breath diffusing capacity for nitric oxide; Vc: 
lung capillary blood volume.

Figure 2. Mean value of diffusive and spirometric parameters according to MRC-DS (bars represent standard deviations).
DLCO: current diffusing capacity for carbon monoxide; FEV1: Forced Expiratory Volume in 1 sec; sDLCO: single-breath diffusing capacity for carbon 
monoxide; sDLNO: single-breath diffusing capacity for nitric oxide; VC: Vital Capacity; Vc: lung capillary blood volume.
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Table 4. Comparison between diffusive and spirometric parameters among the MRC-DS groups: data expressed as mean (standard 
deviation). Comparisons among groups are expressed in terms of p adjusted for multiple comparison (Sidak correction).

Parameters mMRC-DS 0 mMRC-DS 1 mMRC-DS 2 ANOVA test
mMRC-DS 1 

vs. 0
mMRC-DS 2 

vs. 0
mMRC-DS 2 

vs. 1

FEV1 97.3 (13.2) 89.4 (15.6) 90.7 (13.6) p=0.0778 p=0.101 p=0.462 p=0.992

VC 104.6 (13.4) 96.7 (12.7) 96.4 (12.4) p=0.0381 p=0.071 p=0.216 p=0.999

DLCO 94.3 (13.4) 93.7 (22.3) 83.9 (9.2) p=0.1819 p=0.998 p=0.195 p=0.309

sDLCO 83.3 (11.8) 77.0 (12.4) 70.8 (6.3) p=0.0048 p=0.113 p=0.008 p=0.409

sDLNO 91.1 (12.7) 84.8 (12.9) 81.7 (10.2) p=0.0427 p=0.166 p=0.105 p=0.890

sDLNO/sDLCO ratio 110.3 (6.4) 112.0 (6.9) 122.8 (9.4) p<0.0001 p=0.749 p<0.001 p<0.001

Vc 65.5 (11.2) 59.8 (7.0) 47.7 (6.4) p<0.0001 p=0.081 p<0.001 p=0.004

DLCO: current diffusing capacity for carbon monoxide; FEV1: Forced Expiratory Volume in 1 sec; mMRC-DS: Modified British 
Medical Research Council dyspnea score; sDLCO: single-breath diffusing capacity for carbon monoxide; sDLNO: single-breath 
diffusing capacity for nitric oxide; VC: Vital Capacity; Vc: lung capillary blood volume.

When compared to current DLco, the diffusive 
parameters obtained by the simultaneous single-breath 
method, such as the sDLCO, sDLNO, sDLNO/sDLCO 
ratio and Vc, confirmed their high discriminant power 
in identifying the occurrence of the lung microvascular 
involvement and the loss of the microvascular blood 
volume (Table 4).

Respiratory structures (and those of the deep lung in 
particular) are the first human targets of the corona virus 
aggression. It is then easily presumable that long-term 
respiratory consequences of variable severity may occur 
in these circumstances [1, 34, 35], thus contributing to 
the onset of the respiratory Long-COVID syndrome.

Discussion

Long-term pulmonary symptoms (mostly dyspnea 
for several weeks) had been reported in several patients 
after SARS-CoV-2 infections, though paucisympto-
matic [34,35]. As the aggression of SARS-CoV-2 to 
the lung structures recognizes alveolar damage, pul-
monary congestion, and diffuse microvascular throm-
bosis in particular, as the major lung injuries occurring 
[4,36-40], long-term respiratory consequences in gas 
transfer may frequently occur and can be expected in a 
wide range of COVID severity, the paucisymptomatic 
syndromes included [19-20], due to ventilation/perfu-
sion mis-match, being long-lasting dyspnoea the most 
frequent clinical sign.

Unfortunately, as mentioned above, these per-
sisting troubles in blood gas transfer cannot be fully 
identified neither by spirometric procedures nor by 
current DLCO measure due to their low specificity and 
sensitivity [13,41-43]. In particular, due to the slow 
binding of CO with intracapillary Hb, current meas-
ures of DLCO proved insufficient to discriminate disor-
ders of diffusing membrane conductance (DM) from 
those involving the vascular side of alveolar/capillary 
membrane and then for investigating and defining the 
underlying cause of ventilatory/perfusion mis-match 
occurring in these cases [31,33,44-47].

The persistent reduction of lung capillary blood 
volume (Vc), such as the total volume of blood in 
the lung capillaries exposed to alveolar air, has been 
recently identified as the peculiar pathophysiologi-
cal disorder that is able to characterize and grade 
the respiratory Long-COVID syndrome in subjects 
still complaining long-lasting dyspnea also following 
paucisymptomatic SARS-CoV-2 infections. In other 
words, the microangiopathy originally occurred in 
the deep lung and the consequent drop in pulmonary 
volume of capillary blood correspond to the major 
pathogenetic events sustaining the previously unex-
plained long-lasting abnormalities in gas transport 
(namely, dyspnea) in these cases, regardless their nor-
mal lung volumes.

The single-breath simultaneous assessment 
of sDLCO, sDLNO/sDLCO ratio and Vc allowed to 
identify in vivo, non-invasively, in short time, at 
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worldwide and to implement public health measures 
according to innovative protocols of intervention.

Though the main goal of vaccines is to limit the 
spread of a pathogen within a population [50-52], the 
identification of a lung tissular target where their spe-
cific tissular protection could be assessed is of equal 
importance in our opinion, particularly when the pa-
rameters to use are easy to obtain, not time consuming 
and highly specific. This aspect assumes further impor-
tance when we consider that several factors can con-
tribute to bias the general evidence of real efficacy and 
effectiveness of vaccination (namely, patients’ different 
immune conditions and response; technical aspects; 
social and political issues, etc.). On the other hand, an 
autopsy-based analysis documented the importance 
of vaccine-induced immunity in protecting from the 
effects of the inflammatory viral-induced aggression, 
thus supporting the importance and the efficacy of the 
vaccination against SARS-CoV-2 pulmonary and car-
diac injury [53]. Unfortunately, poor evidence is still 
available for in vivo specific tissular responses to anti-
COVID-19 vaccinations in humans.

The present investigation is providing the first 
in vivo evidence to our best knowledge concerning 
the efficacy of mRNA vaccines in preserving specific 
biological structures of the deep lung. This recent evi-
dence can represent a quite relevant human model for 
investigating and quantifying in short time and non-
invasively the in vivo efficacy of anti-COVID vaccines 
in preserving from those long-lasting microvascular 
injuries and hidden alveolar-perfusion abnormalities 
that underly SARS-CoV-2 infections, though of “ap-
parent” mild clinical severity.

The present study recognizes some points of weak-
ness: it consists of a monocentric investigation and the 
sample size is obviously limited. Moreover, only two 
mRNA vaccines were used because only those two 
were provided by our Public Health Institutions over 
the study period.

On the other hand, points of strength are: the 
strict selection of subject investigated; the pivotal 
method for the non-invasive lung function measure-
ments; the identification of a specific lung tissular 
disorder (such as, of lung microvasculature) for test-
ing the protection power of mRNA, never investi-
gated before.

low cost and with high sensitivity and specificity the 
persisting underlying impairment of pulmonary mi-
crovasculature also due to paucisymptomatic SARS-
CoV-2 infections, otherwise undetectable and then 
neglected [19,20,45,46]. In other words, also mild 
SARS-CoV-2 infections can alter the integrity of 
the lung microvasculature and consequently to lead 
to the inadequate response to tissue metabolic de-
mands in some patients (as indicated by the persis-
tency of their dyspnea) [19,20]. This aspect is crucial 
because the capillary blood volume proves reduced 
within the deep lung likely due to microvascular de-
struction. As a consequence, the vascular side of the 
diffusive function can result substantially affected also 
after milder SARS-CoV-2 infections. This peculiar 
pathophysiologial disorder can be used as a marker 
of SARS-CoV-2 injury of the lung and for checking 
the effect of possible preventive and/or therapeutic 
interventions. Data of the present investigation are 
further supported by the results of an elegant capilla-
roscopic study that described in various tissue samples 
the occurrence of a long-lasting reduction in vascu-
lar density and the persistent capillary rarefication as 
the two peculiar features that characterize both the 
acute SARS-CoV-2 infection and the Long-COVID 
 syndrome [48].

In the present pivotal investigation in vivo, the 
difference between vaccinated and unvaccinated 
 individuals proved dramatically in favor of the for-
mer groups of subjects. In other words, the mean ex-
tent of microvascular blood loss and the prevalence 
of cases characterized by diffusive values frankly 
lower the  optimal cut-off limits for normality proved 
quite lower in vaccinated subjects. Present data are 
clearly suggesting that the microvascular derange-
ment occurring in the lung can be largely prevented 
by anti-COVID vaccinations, in particular by mRNA 
vaccines. On the other hand, two-dose regimens of 
the Moderna and Pfizer-BioNTech mRNA vaccines 
(such as those vaccine that give your cells instructions 
for how to make the S protein found on the surface 
of the COVID-19 virus) had been documented to be 
able in providing a good protection (of around 90%) 
against severe COVID-19 in real-life, both in terms 
of mortality and morbidity [49]. Moreover, mRNA 
vaccines highly contributed to protect the economies 
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Abbreviations

BMI: body mass index
Hb: hemoglobin
SpO2 %: % O2 saturation
mMRC-DS: modified British Medical Research Council 
 dyspnea score
VC: vital capacity
FEV1: forced expiratory volume in 1 second
DLCO: current measure of diffusion capacity for carbon oxyde
sDLCO: non-invasive simultaneous single-breath measurements 
of diffusion for carbon oxide
sDLNO: the non-invasive simultaneous single-breath measure-
ments of nitric oxyde
sDLNO/sDLCO ratio: the ratio between sDLNO/sDLCO values
Vc:, the lung capillary blood volume
mRNA vaccines: messenger RNA vaccines
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Introduction: Worldwide, 3.7% (144.7 million) of people diagnosed with COVID-19 developed Post-COVID 
Conditions (PCC). Therefore, creating and implementing multidisciplinary rehabilitation clinics is important to 
address the needs of patients and improve overall recovery. This study was made possible with support from the 
United States Agency for International Development funded RISE program, under the terms of the cooperative 
agreement 7200AA19CA00003.
Methods: This case study was conducted in Ecuador and describes the creation and implementation of 21 PCC 
rehabilitation clinics in primary healthcare centers and secondary level hospitals in 7 provinces across the country. 
Data was gathered for the identification of partnering health facilities and needs, for the evaluation of knowledge 
enhancement in health professionals after a specific training program, and for the measurement of key perfor-
mance indicators. This article emphasizes the organization, educational strategies, and implementation of rehabili-
tation programs tailored specifically for the management of Post-COVID Conditions in Ecuador.
Results: The implementation of PCC rehabilitation clinics involved a collaborative effort between the Minis-
try of Public Health (MOPH), the private sector and a non-governmental organization ( Jhpiego). Twenty-one 
health facilities from the primary and secondary level of care were selected, and PCC rehabilitation implemented 
in 7 provinces of Ecuador. Additionally, 133 health providers were trained and a total of 13,846 patients treated, 
among whom 859 had a diagnosis of PCC. Medical doctors outperformed nurses in both pre- and post-tests 
scores. However, all healthcare professionals demonstrated comparable improvement in knowledge acquisition. 
Rehabilitation manuals were developed and adopted by the MOPH, rehabilitation equipment was donated and a 
mobile application, “RESPIRA”, was developed and disseminated free of charge.
Conclusion: The establishment of PCC rehabilitation clinics in Ecuador was successful in identifying patients in 
need of early rehabilitation. The insights of this study can serve as a guide for the development of similar initiatives 
in other countries. Tailored courses are essential to address disparities and ensure comprehensive skill development 
and promote equitable healthcare delivery.
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settings
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Introduction

Globally, 3.7% (144.7 million) of people diag-
nosed with COVID-19 developed Post- COVID 
Conditions (PCC) [1]. Although the clinical presenta-
tion of acute COVID-19 varies from asymptomatic to 
critical, about 80% of patients have mild to moderate 
infections with symptoms lasting 4-5 days and with 
full recovery 7-10 days post-infection [2]. However, 
among follow up of recovering patients, persisting 
symptoms can be identified longer than 12 weeks after 
the acute infectious period, leading to Post-COVID 
Conditions (PCC) [3]. Although a correlation be-
tween severity of acute infection and likelihood of 
developing PCC has not been clearly established [3-
5], there is evidence of persisting dyspnea following 
COVID-19 pneumonia [6]. These symptoms are not 
restricted solely to pulmonary effects but may span 
across multiple organ systems [2, 3, 7]. Post-COVID 
Condition develops after SARS-CoV-2 infection and 
is diagnosed due to the persistence of symptoms after 
12 weeks of the onset of the disease [8]. Symptoms 
vary in severity and include but are not limited to re-
ported symptoms such as shortness of breath, fatigue, 
changes in taste or smell, and joint or muscle pain [9].

The multi-system nature of PCC has placed a burden 
on both patients and health systems requiring specialized 
teams to tackle a plethora of multi-organ symptoms in-
volved. Hence the relevance of establishing PCC rehabil-
itation clinics to strengthen rehabilitation care in Ecuador 

and specifically to introduce multidisciplinary rehabilita-
tion for patients with PCC. Unfortunately, Ecuador is 
under-resourced and understaffed, rehabilitation services 
are scarce and in many geographical areas inexistent. To 
this end, in this article we depict key steps in establishing 
PCC rehabilitation clinics in Ecuador, including creating 
governmental alliances, educating, and training health-
care staff to identify and manage PCC patients.

Methods

Project background

RISE is a global program funded by the U.S. 
President’s Emergency Plan for AIDS Relief

(PEPFAR) and the U.S. Agency for International 
Development (USAID) that supports over 20 coun-
tries worldwide in both attaining and maintaining epi-
demic control through collaboration with strong local 
partners managing sustainable, self-reliant, and resilient 
health systems by 2024. Within the RISE expansion 
of COVID-19 response in Ecuador, one of the objec-
tives was to increase and potentiate national capacity 
in case management, coordination, and operations for 
COVID-19 rehabilitation and home-based care. This 
objective was achieved with USAID´s support and 
in collaboration with the Ministry of Public Health, 
through the selection of facilities, equipment procure-
ment and subsequent training of health providers. 

on reasonable request. These databases don’t contain patient data; instead, they delve into the structure, educational strategies, 
and implementation of programs designed for the development and implementation of multidisciplinary clinics for the 
management of Post-COVID Conditions in Ecuador.
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Additionally, protocols, standards of practice, guidelines 
and digital tools were developed for case management.

Study setting

In Ecuador, the health system is organized into 
different levels of care, ranging from the primary level 
to the tertiary level. Our study focuses on primary and 
secondary level of care. The primary level of care pro-
vides primary and preventive medical care. It includes 
health centers and medical units located in communi-
ties and rural areas and offers basic health services. The 
secondary level of care comprises general and special-
ized hospitals for medical and surgical services. These 
facilities offer specialties such as surgery, gynecology, 
pediatrics, and internal medicine, among others.

Implementation of multidisciplinary PCC 
rehabilitation clinics in Ecuador

Identification and selection of public health facilities

RISE developed a program titled: “Functional re-
covery of COVID-19 and PCC” that included a series 

of ten webinars provided by national and international 
experts to raise awareness and disseminate evidence-
base knowledge about PCC. The webinars were con-
ducted via Zoom© and transmitted by  Facebook© 
Live through the Universidad San Francisco de  Quito’s 
(USFQ) School of Medicine homepage. A  total of 
4,930 individual health professionals attended. This 
program allowed us to identify the need for additional 
training and capacity building, through the develop-
ment and implementation of multidisciplinary reha-
bilitation clinics (Figure 1).

After the program completion, and in collabora-
tion with the Ministry of Public Health (MOPH), 
a facility level assessment focusing on rehabilitation 
services was completed online by 123 publicly funded 
health facilities around the country. The assessment 
results and the facility treatment of patients with diag-
nosis of COVID-19 determined the selected institu-
tions where the PCC rehabilitation clinics would be 
implemented.

In consultation with the Ministry of Public 
Health (MOPH), 18 of 123 health facilities through-
out 7 provinces in Ecuador were selected for expanded 
services, rehabilitation, and treatment of PCC. Fur-
thermore, after the implementation of these first 

Figure 1. Key steps to establish a PCC rehabilitation clinic.
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of their career), psychologists, psychiatrists, pediatri-
cians, nurses, technicians, physical therapists, respira-
tory therapists, and paramedics.

Equipment donation

Although PCC affects diverse organs and effec-
tive treatment relies on a multidisciplinary approach, 
respiratory equipment was specifically selected for 
donation in Ecuador, as the devices were scarce and/
or new to the country. Therefore, donations included 
spirometers, oximeters, non-invasive gas analyzers, 
and inspiratory muscle trainers (IMT). These devices 
play a crucial role in evaluating respiratory function, 
lung volumes, monitoring oxygen levels, analyzing gas 
exchange and improving respiratory muscle strength.

Based on the identified needs, RISE prepared a 
comprehensive procurement plan, considering equip-
ment specifications, quantity, estimated costs, and 
timelines. The project followed processes and guidelines 

clinics, the Municipality of the Metropolitan Dis-
trict of Quito requested RISE to develop PCC reha-
bilitation clinics in three Metropolitan Health Units, 
located at the North, Center and South of Quito, in-
creasing the total number to 21, located in 7 provinces 
of the country (Figure 2).

Development of multidisciplinary teams

Health professionals working in the selected facil-
ities received further on-site training, taking into con-
sideration their availability and willingness to work in 
a high-demand environment and in a multidisciplinary 
team. Health facilities were under-staffed, and training 
was challenging as it had to be individualized to each 
health provider´s area of competence which wasn´t 
represented in all facilities. Training was provided to 
health postgraduate students, physiatrists, family phy-
sicians, attending physicians, general practitioners, ru-
ral physicians, interns (medical students in the last year 

Figure 2. Location of health facilities where the PCC rehabilitation clinics were implemented.
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knowledge of PCC. Additionally, a “Post COVID-19 
Conditions Rehabilitation Manual” in two versions 
(one for health professionals and one for patients) was 
developed. While both manuals focus on PCC reha-
bilitation, with a multidisciplinary and multisystemic 
approach, the interventions of respiratory rehabilita-
tion have been used as a guide for other pulmonary 
conditions. Moreover, training courses based on con-
structivism, were created along with the manuals, to 
encourage participants to build their knowledge based 
on their experiences and newly acquired knowledge. 
These courses applied methodological resources such 
as practice-based education, experiential learning, vir-
tual learning, and case analysis, which allowed for the 
development of decision-making and teamwork. All 
training topics adhered to current management guide-
lines and biosafety protocols [10]. The training con-
sisted of two modalities: in-person and virtual.

The virtual modules were delivered daily by 
Zoom©, for two hours, during three consecutive 
days and provided a theoretical background of PCC, 
including symptoms, signs, and multi- system mani-
festations. The goal was to enable early diagnosis and 
timely management.

The on-site training strengthened and deep-
ened the knowledge acquired in the virtual meetings, 
through participatory discussions with questions 
and answers and practice-based learning involving 
rehabilitation procedures and techniques. The same 
participants that attended a virtual component at-
tended the in-person training, which lasted 12 hours 
in total. The training schedule and topics are depicted 
(Table S1 in the appendix supplementary material).

Evaluation

The practical sessions were done on-site, which 
included 3 sessions of 4 hours each. The methodology 
included practice-based education. During these ses-
sions, participant’s new knowledge was reinforced and 
evaluated through simulated clinical case presentations. 
A moderator provided a brief introduction and discus-
sion on the most important components of the case 
presentations. Participants were divided into smaller 
groups and were assessed on procedures such as the 
6-minute gait test [11], the proper use of Inspiratory 

aligning with the donor´s and the MOPH´s policies 
and evaluating the equipment for quality and appro-
priateness. The donated equipment was allocated to 21 
health facilities and healthcare staff received training 
on equipment use, ensuring seamless integration and 
improved patient care. RISE continuously monitored 
and evaluated the impact of the donation for potential 
adjustments and additional support.

Development of a mobile application for PCC: 
RESPIRA APP

RISE developed a mobile application for Android 
and iOS mobile devices, called RESPIRA.

RESPIRA informs patients about symptoms in-
herent to PCC and provides rehabilitation exercises 
that can be done at home. RESPIRA supports domi-
ciliary rehabilitation with the supervision of a health 
provider and has multimedia content such as illustra-
tions, photos, audio, and videos.

Android users can download RESPIRA App for 
free by clicking on the following link:

https://play.google.com/store/apps/details 
?id=com.app.postcvid

For iOS devices, it can be downloaded from the 
following link:

https://apps.apple.com/ec/app/respira/id6446 
152507?l=en

Development of standardized protocols, guidelines, and 
tools for patient assessment

RISE developed evidence-based PCC rehabilita-
tion manuals for health providers and patients that were 
adopted by the MOPH, nationally. RISE developed in-
fographics that health providers offered to the patients, 
increasing access to timely rehabilitation and home care 
(Figure S1 in the appendix supplementary material).

Ongoing guided education and training to healthcare 
providers

RISE developed the training package: “Iden-
tification and management of Post COVID-19 
Conditions in Ecuador” to provide tools for health 
professionals and patients to gain understanding and 
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Muscle Training, IMT, breathing exercises, early mo-
bilization, the Sit to Stand Test [12], Barthel Index, 
and the Post COVID-19 Functional Status Scale [13].

To evaluate knowledge acquisition, participants 
were given questionnaires consisting of 15 questions 
written by local experts. Each questionnaire included 
the material detailed in the course and was applied 
twice, before the training and immediately after com-
pleting all the course components (theoretical, practi-
cal, virtual and in-person). The evaluation was applied 
through Qualtrics, with the aim to increase participant´s 
engagement and accessibility from any mobile device.

Data collection tool

After the overall implementation of the 21 post 
COVID-19 rehabilitation clinics (training, guidelines, 
manuals, and equipment), a survey was generated on the 
KOBO platform that allowed the determination of the 
number of patients with a diagnosis and who received 
treatment for PCC. Due to the lack of an established 
protocol or clinical practice guidelines in the health 
facilities, the diagnostic criteria were determined ac-
cording to evidence-based information available at that 
moment, from the PCC manuals created by RISE (Fig-
ure S2 in the appendix supplementary material).

Follow up

After completing the overall implementation of 
the PCC rehabilitation clinics, a comprehensive  follow 
up assessment was conducted and RISE worked with 
each institution´s team to create tailored flowcharts 
that addressed the unique needs and capabilities of 
each healthcare center and hospital, ensuring a seam-
less and efficient process for referring patients to the 
appropriate area of need.

Results

Participant demographics

From July 2022 to February 2023, RISE con-
ducted three in-person theoretical and practical 

training sessions including 133 participants from  
21 facilities. Out of these, 50 (37.59%) were physical 
therapists, 42 (31.58%) medical doctors, 8 (6.02%) res-
piratory therapists, 4 (3.01%) occupational therapists,  
2 (1.50%) speech therapists, 12 (9.02%) nurses and  
15 (11.28%) had other health professions. The cohort 
was mainly female (71%).

Knowledge acquisition

Evaluation of knowledge acquisition was done 
before and after the training, to determine the im-
pact of the theoretical and practical sessions through 
a 15-question evaluation. On average, the participants 
showed an increase of 2.47 points when comparing 
average scores from the pre-test (7.95) to post-test 
(10.42), with a maximum score of 15 points (Figure 3). 
Additionally, our results evidenced a more homog-
enous distribution of the post-test scores vs pre-test 
scores. Although this suggests a significant impact (p = 
0.0000003) on knowledge acquisition, the higher vari-
ance values portray variability on an individual level 
within the groups. Overall, we could determine that 
the training sessions provided knowledge acquisition 
regarding identification and management of patients 
with PCC.

Additionally, three distinct statistical analyses 
were conducted to determine any difference in prior 
knowledge and acquired knowledge among categories 
of healthcare professionals. These professionals were 
classified into four groups: medical doctors, nurses, 
respiratory therapists, and others. The initial analysis 
reviewed pre-test scores across professional categories, 
revealing a statistically significant difference between 
medical doctors and nurses, with medical doctors ex-
hibiting higher scores. Contrary, no significant differ-
ence was observed when comparing the other group 
of professionals. A second analysis of post-test scores 
demonstrated similar findings, with medical doctors 
achieving significantly higher scores compared to 
nurses, while other comparisons remained statistically 
equivalent. Finally, the third analysis evaluated partici-
pants’ knowledge acquisition, calculated by subtract-
ing post-test scores from pre-test scores. This analysis 
indicated no statistical disparity among healthcare 
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Table 1. Patients cared for in the PCC rehabilitation clinics 
(from July 5, 2022, to March 31, 2023).

Patients care by RISE supported facilities

Facility Patients

Post 
COVID-19 

Patients

Hospital Docente De Calderón 5,090 157

CS Tabacundo 2,181 61

CS La Troncal 1,973 23

Hospital Vicente Corral Moscoso 1,648 109

Hospital Básico Yaruqui 1,540 191

CS Nabón 399 47

Hospital San Luis De Otavalo 202 65

Hospital General San Vicente 
De Paul

171 20

CS Comité Del Pueblo 148 25

CS San Antonio De Pichincha 137 14

Hospital Isidro Ayora De Loja 126 88

Cs Catamayo 90 25

Unidad Metropolitana Centro 50 12

CS Ponce Enríquez 46 4

CS Calderón 30 6

Unidad Metropolitana Norte 10 9

Hospital General Enrique Ortega 3 2

Unidad Metropolitana Sur 2 1

Total 13,846 859

Figure 3. Recorded scores of participants’ pre and post-test.

professionals, suggesting that all groups demonstrated 
comparable improvement following the training.

Patient outcomes

Up to March 31, 2023, 13,846 patients re-
ceived care in the areas of physical and respiratory 

rehabilitation within the RISE project facilities. 
From these, 859 patients (6.2%) met criteria for post 
COVID-19 condition (Table 1). Data was uploaded 
daily by health providers. Of the total of patients cared 
for at the PCC rehabilitation clinics 32.7% were chil-
dren and adolescents, 51.2% adults, 16.1% older adults 
(Table 2) and 54% were women, while 46% were men.

Discussion and conclusion

The impact of the COVID-19 pandemic can still 
be seen in patients exhibiting long-lasting effects on 
their overall health. Although, initially, identifica-
tion of these patients was essential, it was clear that 
establishing specialized and multidisciplinary centers 
for their rehabilitation was required [14, 15]. Health 
organizations worldwide have invested in the crea-
tion of these clinics, and although pioneer services 
were developed in countries such as the USA, Canada 
and the UK [16] it was essential to bring this care for 
patients to Latin America where resources are scarce. 
Additionally, rehabilitation is an area that requires 
strengthening in Ecuador, and due to the PCC cases 
reported, an opportunity to implement rehabilitation 
clinics in the country was evident [9]. Our approach in 

Table 2. Patients cared by age group.

Patients cared by age group

Age group Patients Percentage

0-19 years 4,528 32.7%

20-39 years 1,924 13.9%

40-64 years 5,165 37.3%

65 years or more 2,229 16.1%
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facilities, representing various health professions. 
Evaluation of knowledge acquisition, assessed 
through a pre-and post-training test, revealed a sig-
nificant improvement in participants’ average scores, 
indicating the effectiveness of the theoretical and 
practical sessions. Despite the overall positive find-
ings, there was statistical variability in individual per-
formance within groups. Statistical analyses revealed 
that medical doctors achieved higher scores than 
nurses in both pre-tests and post-tests. However, 
when assessing knowledge acquisition, no significant 
difference was observed among healthcare profes-
sionals, suggesting that all groups benefited equally 
from the training. This suggests the need for targeted 
courses and programs tailored to nurses’ needs, en-
suring comprehensive skill enhancement across all 
healthcare disciplines.

PCC multidisciplinary rehabilitation clinics, situ-
ated within the public sector, provide inclusive access 
to care regardless of financial status. The proactive 
identification of over 800 patients with PCC between 
July 2022 and March 2023 highlights the clinics’ cru-
cial role in addressing long-term impacts and reducing 
pressure on referral hospitals. In a future study we will 
analyze the effectiveness of targeted rehabilitation of 
the patients attending to the post-COVID-19 clinics. 
However, overall, PCC rehabilitation clinics represent 
a holistic and innovative approach to patient recovery 
in the country.

Additionally, PCC rehabilitation clinics play a 
role in COVID-19 education and prevention [20], 
and, by providing information on disease symptoms 
and prevention measures, they may contribute to re-
ducing the spread of the disease and minimizing its 
further impact on the population. This preventative 
approach, in addition to the collaboration between 
primary healthcare centers and hospitals, helps alle-
viate the burden on referral hospitals. In conclusion, 
the establishment of PCC rehabilitation clinics was 
successful in identifying patients with PCC for early 
rehabilitation and strengthened respiratory rehabilita-
tion for patients with additional diseases in Ecuador. 
The insights of this study can serve as a guide for the 
development of similar initiatives in other countries.

Ecuador was to create PCC rehabilitation clinics that 
included the procurement of specific equipment, and 
the development of guidelines and training healthcare 
personnel for adequate treatment of patients, due to an 
ever-growing demand from the population [17].

Initially, it was essential to establish the clinics in 
health facilities, mainly in public institutions, and the 
MOPH. The relevance of establishing the clinics in 
both primary health care centers and secondary-level 
hospitals lies in the ability to refer patients with more 
extended needs or specialized care to hospitals, while pa-
tients with less severe needs could be cared for in primary 
health centers, avoiding saturation of hospitals [18]. The 
MOPH and Municipality´s support enabled us to es-
tablish 21 PCC rehabilitation clinics in 7 provinces. The 
public sector collaboration increased the sheer area of 
impact; moreover, the clinics were free of charge, there-
fore ensuring patients all over the country equal access to 
high quality and specialized care after COVID-19.

The equipment acquisition for the PCC clinics 
was primarily centered around respiratory rehabilita-
tion (spirometers, pulse oximeters, inspiratory mus-
cle trainers and gas analyzers) due to the prevalence 
of respiratory sequela in patients recovering from 
COVID-19 [6] and due to the lack of overall respira-
tory rehabilitation in the country [19]. Effective im-
plementation of clinics involves not only equipment 
but also comprehensive training for health personnel. 
This training ensures accurate device usage, data inter-
pretation, and high-quality care delivery. The need for 
these clinics is visible, particularly when considering 
aging populations that were severely affected during 
the pandemic [17]. Thus, creating these spaces and 
tools to continue healthcare professional training and 
education can benefit not only patients suffering from 
PCC, but also a population of non-COVID patients 
who need respiratory rehabilitation but haven’t had ac-
cess to such a service previously. Although COVID-19 
has a particular impact on the respiratory system, 
many PCC clinics apply a multidisciplinary approach, 
including neurological, psychological, sport medicine, 
physiotherapy, and nutritional care, as it is evident that 
PCC can affect a variety of organs and systems [20].

The training sessions conducted by RISE saw 
the participation of 133 individuals from 21 health 
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Key summary points

 - Post-COVID Conditions (PCC), have placed 
a burden on both patients and health systems 
as multidisciplinary treatments are needed that 
require specialized teams to tackle a plethora of 
multi-organ symptoms involved.

 - This article provides a post implementation 
reflection that seeks to describe the processes, 
infrastructure requirements, training needs and 
the challenges faced in developing and imple-
menting multidisciplinary rehabilitation clinics 
for patients with PCC, in an under-resourced 
setting.

 - Twenty-one post COVID-19 rehabilitation 
clinics were established in primary healthcare 
centers and second level hospitals in 7 out of 24 
provinces of Ecuador.

 - The establishment of PCC clinics in Ecuador 
was successful in identifying patients for early 
rehabilitation.

 - The implementation of PCC rehabilitation 
clinics involved a collaborative effort between 
the Ministry of Public Health, the private sec-
tor and a non-governmental organization.

 - The insights of this study can serve as a guide 
for the development of similar initiatives in 
other countries.
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Figure S1: Infographic (continued)

Table S1: Schedule of activities

SCHEDULE OF ACTIVITIES

Description of the Activity Session 1 Session 2 Session3

Definitions of post COVID-19 condition X

Identify risk factors and symptoms X

Diagnostic studies and differential diagnosis X

Functional tests X

General treatment X

Universal Rehabilitation X

Targeted Rehabilitation X

Evaluation and Vaccination X

Practical training X
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Figure S2: Diagnostic criteria
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Figure S2: Diagnostic criteria (continued)
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Figure S2: Diagnostic criteria (continued)



A
B

S
T

R
A

C
T

Original research article

Evaluation of screening tools for primary ciliary dyskinesia in Egypt:  single 
center study
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Background: Primary ciliary dyskinesia (PCD) is a chronic respiratory illness that places significant strain on the 
healthcare system due to the complexity and expense of its diagnosis and treatment methods. The diagnostic pro-
cess typically requires skilled technicians and an assortment of intricate, costly, and time-consuming approaches. 
Implementing screening tools can enhance efficiency by focusing the diagnostic process on those strongly sus-
pected of having PCD. Tools such as the PCD Rule (PICADAR), North America Criteria Defined Clinical 
 Features (NA-CDCF), the Clinical Index Score (CI), and the newly proposed CInew13 could potentially serve 
as useful screening tools. This study aims to examine the effectiveness of these tools individually, compare their 
 performance against each other, and assess their results relative to prior research.
Methods: We conducted a diagnostic accuracy test on 83 Egyptian patients referred to Alexandria University 
Children’s Hospital for potential PCD diagnosis between January 2015 and December 2022. The scores obtained 
from the screening tools were calculated and assessed.
Results: Of the initial group, 10 patients were ruled out because they fit other diagnostic parameters. Forty-three 
cases received a confirmed diagnosis, while 30 did not. Notably, the confirmed cases consistently scored higher on 
our screening tools than those that remained unconfirmed (p <.001, for all tested scores). We used receiver operat-
ing characteristic curves to assess and compare the effectiveness of each tool. The NA-CDCF had the smallest 
area under curve 0.736 (95% confiedence interval 0.619-0.832); in contrast, the CI score had the largest 0.898  
(95% confidence interval 0.808-0.957).
Conclusion: All the tools tested were effective in identifying suitable patients for PCD testing at statistically 
significant levels. However, the PICADAR and NA-CDCF scores’ performance did not significantly differ in the 
current study. The CI and CInew13 scores, on the other hand, outperformed both.
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Introduction

Primary Ciliary Dyskinesia (PCD) is a rare ge-
netic disease with diverse symptoms that adversely 
impact health [1]. Typically affecting the respiratory 
system, PCD presents differently in every patient due 
to the disrupted motion of cilia [2-4]. Potential symp-
toms may include constant wet cough, persistent runny 
nose with or without blockages, middle ear complica-
tions that could impair hearing, defects in laterality, re-
curring chest infections, neonatal respiratory distress, 
and fertility problems during reproductive years [5].

Diagnosing PCD is a demanding, costly, and 
time-intensive process. The lack of a universally ac-
cepted diagnostic test, combined with the inability of 
a single test or combination of tests to conclusively 
rule out the condition, exacerbates the challenge [2, 3].  
Various screening tools have been developed and 
validated to identify patients with a high likelihood 
of having PCD [6, 7]. These include the PICADAR 
questionnaire, the NA-CDCF score, and the CI score 
(Supplementary material Tables 1, 2, and 3) [8-10]. 
Numerous PCD centers employ these measures to 
target diagnostic efforts on those most likely to ben-
efit from the rigorous diagnostic process [11]. CInew13 
(Supplementary  material Table 4) is a recently sug-
gested screening tool, tested and proposed by Martinů 
et al. [7].

The current study aims to evaluate the perfor-
mance of these tools within our study group, com-
paring their effectiveness with each other and with 
previous research.

Patients

This study comprised 83 patients from 75 distinct 
families, all evaluated for PCD between January 2015 
and December 2022. These patients were suspected of 
PCD based on criteria from the European Respiratory 
Society (ERS) Task Force. The ERS suggests a PCD 
diagnosis when several symptoms, such as chronic 
moist coughing, persistent rhinorrhea, laterality de-
fects, newborn respiratory distress, auditory issues, 
unexplained bronchiectasis, and congenital heart mal-
formation, exist concurrently [2]. Patients diagnosed 

with conditions other than PCD were excluded from 
the study. Infants under one year of age were also ex-
cluded due to insufficient medical data for accurate 
clinical score assessment.

Methods

Study design

Diagnostic test accuracy study.

Study setting

Tertiary health care facility.

Recruiting location

Respiratory Department, Alexandria University 
Children’s Hospital. We obtained permission from 
the Ethics Committee of Alexandria University before 
conducting the study (IRB number: 00012098).

Outcome measures

We collected information on age, sex, and his-
tory of parental consanguinity. We calculated primary 
outcomes using various screening tools, namely the 
PICADAR score, the NA-CDCF score, the CI score, 
and the newly proposed CInew13 score. Responses to 
these questionnaires and diagnostic test results were 
retrieved from medical records.

Statistical analysis

We used the Statistical Package for Social Science 
(SPSS) program (ver 27) to collect and analyze data [12].  
We performed diagnostic test accuracy analysis and 
generated the area under the receiver operator (ROC) 
characteristics curve (AUC) using MedCalc software 
(ver 20) [13]. The Kolmogorov-Smirnov test showed 
the distribution of variables to be normal, warrant-
ing the use of parametric statistics [14]. Accordingly, 
we conducted both parametric and non-parametric 
analyses [14, 15]. For sample size calculation, we ac-
cepted a beta error of up to 20%, setting the study’s 
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power at 80%, resulting in a minimum sample size of 
62 patients. We designated an alpha level of 5% and a 
significance level of 95%. Statistical significance was 
identified at a p of <0.05 [16].

Results

The study initially included 83 patients, but ten 
were excluded; five due to severe allergic rhinitis and 
asthma, four with cystic fibrosis, and one with an im-
mune deficiency disorder. Thus, the study comprised  
73 patients: 33 males (45.21%) and 40 females 
(54.79%). Their mean age was approximately 8.09 
years, with a standard deviation of 4.34. Table 1 in-
cludes more demographic details of the group.

PCD was confirmed in 43 patients, referred to 
as “definite PCD”, while the remaining 30 could not 
be definitively diagnosed and were labeled as “possi-
ble PCD or undefined”. The confirmation of PCD was 
based on either a distinctive ciliary axonemal defect 
detected by transmission electron microscopy as per 
international consensus guidelines in two cases [14], 
bi-allelic pathologic mutations in a PCD-associated 

gene in 25 cases, or a combination of both in the 
 remaining 16 cases.

Table 2 juxtaposes the PICADAR, NA-CDCF, 
CI, and CInew13 scores for confirmed and non- confirmed 
cases. In confirmed cases, the PICADAR, NA-CDCF, 
CI, and CInew13 had median values of 9, 3, 6, and 9, 
respectively. Whereas, the median values among non- 
confirmed cases for the PICADAR, NA-CDCF, CI, 
and CInew13 were 6, 2, 3, and 7, respectively. There was 
a statistically significant difference in the scores of con-
firmed cases compared to non-confirmed ones for each 
tested score (p <.001 for all scores).

The receiver operating characteristic curves for 
the various screening tools were compared, as depicted 
in Figure 1. The areas beneath these curves were cal-
culated and are displayed in Table 3. The NA-CDCF 
had the smallest area (0.736, 95% CI 0.619-0.832); in 
contrast, the CI score had the largest (0.898, 95% CI 
0.808-0.957). Based on the existing data, the cut-off 
value with the highest combined sensitivity and speci-
ficity was determined for each of the four tools tested; 
their performance is outlined in Table 3. These values 
were >7 for the PICADAR, >2 for the NA-CDCF, 
>4 for the CI score, and >7 for the CInew13. These are 

Table 1. Some demographic data for the study cohort.

All children 
(n=73)

Confirmation for PCD

Test of significance 
p

Not confirmed 
(n=30)

Confirmed 
(n=43)

Age at enrollment (year)
• Min-Max
• Mean±SD
• SE of Mean
• 95.0% CI of the mean
• 25th Percentile – 75th Percentile

1.17-16.00
8.09±4.34

0.51
7.08-9.11
5.00-12.00

2.00-15.00
7.08±4.09

0.75
5.55-8.61
3.00-10.00

1.17-16.00
8.80±4.42

0.67
7.44-10.16
6.00-12.00

t(df=71) =1.686
p=.096 NS

Sex
• Male
• Female

33 (45.21%)
40 (54.79%)

15 (50.00%)
15 (50.00%)

18 (41.86%)
25 (58.14%)

χ2(df=1)=0.473
p=.492 NS

Consanguinity
• No 19 (26.03%) 12 (40.00%) 7 (16.28%)

χ2(df=1)=5.165,
p=.023*

• Yes(R) 54 (73.97%) 18 (60.00%) 36 (83.72%)
Z=3.359, p<.001*

OR: 3.429
95% CI: 1.152-10.202

n, number of patients; PCD, Primary Ciliary Dyskinesia; TEM, Transmission Electron Microscope; Min-Max, Minimum to 
Maximum; SD, Standard deviation; SE, Standard error; CI, Confidence interval; t, Independent Sample t test; χ2, Pearson  
 Chi-Square; df, degree of freedom; Z, Z score for absolute difference between groups (p for significance of 95% CI difference);  
OR, Odds Ratio; NS, Statistically not significant (p≥.05); *, Statistically significant (p<.05); R, Risk category.
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suggested as the new threshold cut-offs for testing 
Egyptian patients suspected of PCD.

Figure 2 presents a Venn diagram, delineating the 
similarities and differences among four screening tools. 
The tools agreed on results for 52 patients when us-
ing the original, recommended cut-off points. Figure 3 
displays box and whisker plots of the calculated scores 
for each tool, distinguishing between confirmed and 
not-confirmed cases. These plots are based on both the 
originally suggested cut-offs (red line) and the best-
performing cut-offs from our study cohort (blue lines).

Discussion

Diagnosing PCD is particularly challenging in 
low and middle-income countries due to the costly 
and complex diagnostic tools [17]. In this study, we 
evaluated the effectiveness of various predictive tools 

Table 2. Comparison between the values for the PICADAR, NA-CDCF, CI, and CInew13 scores between confirmed  
and non-confirmed cases.

All children 
(n=73)

Confirmation

Test of significance 
p

Not confirmed 
(n=30)

Confirmed 
(n=43)

PICADAR total score (out of 14)
• Min-Max
• Median
• 95.0% CI of the Median
• 25th Percentile – 75th Percentile

2.00-14.00
8.00

8.00-10.00
6.00-10.00

2.00-14.00
6.00

5.00-8.00
5.00-8.00

4.00-14.00
9.00

8.00-10.00
7.00-11.00

Z(MW)=3.532
p<.001*

NA-CDCF total score (out of 4)
• Min-Max
• Median
• 95.0% CI of the Median
• 25th Percentile – 75th Percentile

1.00-4.00
3.00

3.00-4.00
2.00-3.00

1.00-4.00
2.00

2.00-3.00
2.00-3.00

2.00-4.00
3.00

3.00-4.00
3.00-4.00

Z(MW)=3.624
p<.001*

CI total score (out of 7)
• Min-Max
• Median
• 95.0% CI of the Median
• 25th Percentile – 75th Percentile

2.00-7.00
5.00

5.00-6.00
4.00-6.00

2.00-6.00
3.00

3.00-4.00
3.00-4.00

3.00-7.00
6.00

6.00-7.00
5.00-6.00

Z(MW)=5.877
p<.001*

CInew13 total score (out of 13)
• Min-Max
• Median
• 95.0% CI of the Median
• 25th Percentile – 75th Percentile

4.00-13.00
9.00

9.00-10.00
7.00-10.00

4.00-13.00
7.00

7.00-9.00
6.00-8.00

7.00-13.00
9.00

9.00-10.00
9.00-11.00

Z(MW)=5.071
p<.001*

PICADAR, Primary ciliary dyskinesia rule; NA-CDCF, North America criteria defined clinical features; CI, Clinical index; 
CInew13, Clinical indexnew13; n, number of patients; Min-Max, Minimum to Maximum; CI, Confidence interval; Z(MW), Z of  
Mann-Whitney U test; *, Statistically significant (p<.05).

Figure 1. ROC curves for the PICADAR, NA-CDCF, CI, and 
CInew13 scores to discriminate between the confirmed and the 
non-confirmed cases.
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ones (6, 2, 3, and 7, respectively); this was statistically 
relevant with p <.001 for all scores. This is in line with 
the original articles and subsequent validation studies 
[7-11]. However, we observed that the median value 
of each individual score was higher for both PCD and 
non-PCD patients compared to what was reported in 
the previous validation studies. This discrepancy could 
be due to the fact that our study cohort was younger 
than those in prior studies (range from 1.17 to 16.00 
years with a median value of 8). This age range may 
have facilitated a more accurate recall of neonatal and 
infancy histories, key components of the screening 
scores, which may often be overlooked by adults. A 
recent external validation was carried out by Martinů 
et al. [7] on 1,834 patients, with ages ranging from  
0 to 70.90 years and a median age of 6.1 years. In this 
validation, the median values for PCD patients were 
significantly higher than non-PCD patients (for PIC-
ADAR 7 vs.3, NA-CDCF 3 vs. 2, and the CI score of 
5 vs. 3, p <.001 for the three scores).

The current study demonstrated that the PICA-
DAR score achieved its maximum combined sensitiv-
ity and specificity at a cut-off point of >7 (meaning 8,  
as the score does not include decimal points). The 
sensitivity and specificity were 72.09% and 73.33%, 
respectively. Using this cut-off would result in 39 pa-
tients testing positive and being referred for PCD test-
ing, with 31 of them receiving a confirmed diagnosis, 

within our study group, comparing their performance 
with each other and with previously published data. 
This research could streamline the diagnostic process 
by identifying those who truly need to navigate the 
rigorous diagnostic pathway.

In the present study, median scores for the screen-
ing tools (PICADAR, NA-CDCF, CI, and the newly 
proposed CInew13) were much higher in confirmed cases 
(9, 3, 6, and 9, respectively) than in non-confirmed 

Table 3. Area under the ROC curves for the different screening tools and the best detected cut-off thersholds among the 
study cohort.

Index

AUC 
(%) 

(95% CI) Z
Cut-off 
Value(YI)

Sensitivity 
(%) 

(95% CI)

Specificity 
(%) 

(95% CI)

PPV 
(%) 

(95% CI)

NPV 
(%) 

(95% CI)

Overall Test 
Accuracy 

(%) 
(95% CI)

PICADARa,b 0.743
(0.627-0.838)

3.957
(p=.0001*)

>7 72.09
(56.33-84.67)

73.33
(54.11-87.72)

79.49
(67.54-87.83)

64.71
(51.99-75.64)

72.60
(60.91-75.64)

NA-CDCFa,b 0.736
(0.619-0.832)

3.809
(p=.0001*)

>2 76.74
(61.37-88.24)

70.00
(50.60-85.27)

78.57
(67.45-86.65)

67.74
(53.76-79.14)

73.97
(62.38-83.55)

CIc,d 0.898
(0.808-0.957)

10.907
(p<0001*)

>4 83.72
(69.30-93.19)

83.33
(65.28-94.36)

87.80
(76.19-94.19)

78.12
(64.03-87.76)

83.56
(73.05-91.21)

CInew13
c,d 0.862

(0.761-0.932)
7.251

(p<0001*)
>7 93.02

(80.94-98.54)
73.33

(54.11-87.72)
83.33

(73.31-90.10)
88.00

(70.68-95.71)
84.93

(74.64-92.23)

Cut-off value (YI), the value at which the diagnostic test is able to discriminate the outcome i.e. for PICADAR; test (>7), total 
score of >7 (i.e. starting from 8 because the score has no decimal points) is able to discriminate Primary Ciliary Dyskinesia. YI, 
Youden index J. Different superscript letters indicate significant difference according to pairwise comparison of ROC curves [18].

Figure 2. Venn diagram for the tested screening tools. When 
applying the originally proposed cut-offs, 52 PCD patients 
tested positive with the four screening tools, while 11 had posi-
tive results with the PICADAR, NA-CDCF, and CInew13 but 
not the CI score. Three patients had positive results with the 
NA-CDCF, CI, and CInew13 but not with PICADAR. Another 
3 patients tested positive for PICADAR and NA-CDCF but 
neither CI nor CInew13.
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In the present study, the greatest combined sensi-
tivity and specificity for the NA-CDCF score were ob-
served at a cut-off of >2 (effectively starting at 3, as the 
score does not include decimal points). This resulted in 
a sensitivity of 76.74% and a specificity of 70.0%. Us-
ing this value, 42 patients would test positive and be 
referred for PCD testing. Of these, 33 would receive a 
confirmed diagnosis, leading to a PPV of 78.57%. Sim-
ilarily, Martinů et al. [7] found that a cut-off threshold 
of 3 yielded the most accurate predictive characteristics.

Applying the initial cut-off threshold value of 2, pro-
posed by Leigh et al. [9] our study would yield positive 

resulting in a positive predictive value (PPV) of 79.49%. 
A study conducted by Martinů et al. [7] demonstrated 
that the best predictive characteristics were achieved at 
a cut-off threshold of 6.

When we applied the cut-off threshold of 5, ini-
tially proposed by Behan et al. [10] to our patients,  
67 tested positive and were referred for PCD evalu-
ation. Of these, 41 were confirmed diagnoses. The 
sensitivity stood at 95.35%, surpassing the original 
article’s 90% in its validation group. In contrast, the 
specificity was 13.33%, below the 75% reported in the 
original article’s validation group [10].

Figure 3. Box and whisker graph of the different screening tools (a: PICADAR, b: NA-CDCF, c: CI score, and d: CInew13) in the 
studied group. The thick line in the middle of the box represents the median, the box represents the inter-quartile range (from 25th 
to 75th percentiles), and the whiskers represent the minimum and maximum after excluding outliers (circles). The horizontal red line 
represents the original cut-off value, while the horizontal blue line represents the cut-off with the best performance among the study 
cohort.
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potentially missing one PCD patient (false negative) 
in the diagnostic process. The newly suggested CInew13 
did not add significant benefit over the CI score and 
this goes with what was reported by Martinů et al. [7]. 
Moreover, this study, similar to the findings of Palmas 
et al. [11] shows no significant difference between the 
PICADAR and NA-CDCF scores, possibly due to 
overlapping parameters in both scores.

This study’s notable achievement is being the first 
to evaluate the effectiveness of PCD screening tools 
in Egyptian pediatric patients. However, our work 
has been somewhat constrained by the relatively small 
sample size (73 patients) from a single-center in com-
parison to 1,834, and 211 patients in Martinů et al. [7] 
and Palmas et al. [11] external validations, respectively. 
Hence, we strongly recommend additional studies with 
larger populations and multiple centers across Egypt.

Conclusion

The PICADAR, NA-CDCF, CI, and the recently 
proposed CInew13 scores may significantly predict 
which patients are suitable for PCD examination. In 
this study, the performance of PICADAR and NA-
CDCF did not show any significant differences, but 
the CI and CInew13 scores were superior. Although 
PICADAR and NA-CDCF are commonly used, em-
ploying the CI score could reduce unneeded testing, 
while using the NA-CDCF might decrease the chance 
of undetected cases.

Abbreviations:

AUC: Area under curve
CI: Clinical index
ERS: European Respiratory society
NA-CDCF: North America criteria defined clinical features
PCD: Primary ciliary dyskinesia
PICADAR: Primary ciliary dyskinesia rule
PPV: Positive predictive value
ROC: Receiver operating characteristic curve
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Appendix

Supplementary files
Table S1. PICADAR.

Does the patient have a daily wet cough that started in early childhood?

Yes – complete PICADAR

No – STOP. PICADAR is not designed for  
patients without a wet cough

Was the patient born full term or preterm? Term  2

Did the patient experience chest symptoms in the neonatal period  
(e.g. tachypnea, cough, Pneumonia)?

Yes  2

Was the patient admitted to a neonatal unit? Yes  2

Does the patient have a situs abnormality (Situs Inversus or Heterotaxy)? Yes  4

Does the patient have a congenital heart defect? Yes  2

Does the patient have persistent perennial rhinitis? Yes  1

Does the patient experience chronic ear or hearing symptoms (e.g. glue 
ear, serous otitis media, hearing loss, and ear perforation)?

Yes  1

Total score 14

Behan L, Dimitrov BD, Kuehni CE, Hogg C, Carroll M, Evans HJ, et al. PICADAR: a diagnostic predictive tool for primary 
ciliary dyskinesia. Eur Respir J 2016; 47(4):1103-12.

Table S2. NA-CDCF score

Features

Unexplained neonatal respiratory distress in a full-term newborn with need for supplemental oxygen for ≥ 1 day and no meconium 
aspiration

Early-onset (before 6 months), year-round wet cough

Early-onset (before 6 months), year-round nasal congestion

Laterality defect

Leigh MW, Ferkol TW, Davis SD, Lee HS, Rosenfeld M, Dell SD, et al. Clinical Features and Associated Likelihood of Primary 
Ciliary Dyskinesia in Children and Adolescents. Ann Am Thorac Soc 2016; 13(8):1305-13.

Table S3. CI score

Clinical Index 7-Item Questionnaire 
(Each YES = 1 Point)

Did the child manifest with significant respiratory difficulties with breathing after birth?

Did the child have rhinitis or excessive mucus production in the first 2 months of life?

Did the child suffer from pneumonia?

Did the child present with 3 or more episodes of bronchitis?

Was the child treated for chronic secretory otitis or suffered from >3 episodes of acute otitis?

Does the child have a year-round nasal discharge or nasal obstruction?

Was the child treated with antibiotics for acute upper respiratory tract infection >3 times?

Djakow J, Rozehnalova E, Havlisova M, Svobodova T, Pohunek P. Clinical index to evaluate the risk of primary ciliary dyskinesia 
in children. Eur Respiratory Soc 2012; 40:2844.
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Table S4. CInew13.

Is the child full term?

Neonatal respiratory symptoms

Unexplained neonatal respiratory distress

Admission to a neonatal intensive care unit

Early-onset year-round wet cough

Rhinitis or nasal congestion in the first 2 months of life

Pneumonia in childhood

3 or more bronchitis episodes in childhood

Laterality defect

Congenital heart defect

Antibiotic therapy for rhinosinusitis > 3 times

Persistent year-round rhinitis

Chronic ear or hearing symptoms

Martinů V, Bořek-Dohalská L, Varényiová Ž, Uhlík J, Čapek V, Pohunek P, et al. Evaluation of a Clinical Index as a Predictive Tool 
for Primary Ciliary Dyskinesia. Diagnostics (Basel) 2021; 11(6):1088.
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Lung ultrasound in respiratory therapy: a global reflective survey
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Lisa Trujillo5, Andrew West6, Manjush Karthika2

1Srinivas Institute of Medical Sciences and Research Center, Srinivas University, Mangalore, India; 2Faculty of Medical and Health 
Sciences, Liwa College, Abu Dhabi, UAE; 3Department of Respiratory Therapy, University of Doha for Science and Technology, Doha, 
Qatar; 4Dammam Health Network, Dammam, KSA; 5Department of Respiratory Care and Diagnostic Science, University of Kansas 
Medical Center, Kansas, USA; 6Canadian Society of Respiratory Therapists, Canada

Background: Lung ultrasound (LUS) is a noninvasive point-of-care diagnostic tool used to assess the presence 
and severity of various lung disorders and has been widely used in acute care settings for more than two decades. 
Respiratory therapists (RTs) play a vital role in managing patients on ventilation and other patients requiring 
respiratory support. However, the incorporation of LUS into the scope of practice of RTs has not been well 
highlighted despite the prominence of their practice in acute care. This international cross-sectional survey was 
specifically designed to evaluate the knowledge, attitude, and practice of RTs with respect to lung ultrasonography.
Methods: This observational cross-sectional study was conducted among RTs from different parts of the world 
using a questionnaire-based study tool. In total, 514 RTs responded to all the questions and were considered for 
statistical analysis. Descriptive statistics, analysis of variance, Fisher’s exact, Chi-square, Bonferroni post-hoc analy-
sis, and binomial logistic regression analyses were performed to identify the significance of the data.
Results: The majority of the 514 RTs who responded to the survey were from Middle Eastern countries. Out of the 
514 responders, 44.9% of the responders were in the age group of 23-30 years; 67.1% were bachelor’s degree holders; 
and 40.9% of participants had more than 10 years of experience. The knowledge-based questions revealed that RTs 
with higher experience and academic qualification provided more positive responses while in the  attitude-related 
domain it was observed that standardized training in LUS helps them to enhance the current practice and to add 
LUS to the academic curriculum of respiratory therapy schools. However, barriers to practice LUS remains based 
on their responses. The practice-based questions revealed that RTs expected some additional  seminars/workshops/
webinars to be conducted on LUS. More than half of the participants were found to be knowledgeable with a posi-
tive attitude and working towards the inclusion of LUS in the respiratory therapy profession.
Conclusion: RTs have a positive attribute towards the inclusion of LUS in their clinical practice. Providing more 
structured training for professional RTs and including LUS modules in the respiratory therapy school curriculum 
may facilitate mastering their diagnostic skills, thereby expanding the scope of practice.
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Background

Over the past two decades, the utility of lung 
ultrasound (LUS) has revolutionized and is now an 
inevitable tool in assessing and managing critically ill 
patients [1]. LUS is a radiation-free imaging tool that 
is noninvasive, portable, and rapid, allowing the real-
time examination of pulmonary and related structures. 
Many studies, including meta-analyses, that compared 
LUS with chest X-ray suggested its higher sensitiv-
ity and similar specificity in detecting disorders such 
as pleural effusion, pneumonia, pneumothorax, and 
pulmonary edema [2-5]. LUS also provides vital in-
formation at the bedside on lung aeration, ventilation 
distribution, and respiratory complications in ven-
tilated patients [6-10]. Moreover, a comprehensive 
ultrasonographic approach, including LUS, echocardi-
ography, and diaphragmatic ultrasound, offers detailed 
information that could help clinicians individualize 
ventilator settings in these patients.

Apart from acute care areas, LUS is found to be 
beneficial in other related clinical settings such as car-
diology and rheumatology to assess the presence and 
severity of diverse related lung conditions. Integrat-
ing LUS with traditional echocardiography provides 
an integrated cardiopulmonary analysis and facilitates 
cardiologists in the diagnosis and management of 
acute and chronic cardiopulmonary conditions [11]. 
Similarly, LUS was also found to have a high diagnos-
tic accuracy and significant correlation with the high-
resolution computed tomography findings, thereby 
playing an important role in the diagnosis and man-
agement of rheumatoid disorders like interstitial lung 
diseases [12].

Respiratory therapists (RTs) are healthcare pro-
fessionals who specialize in the evaluation and treat-
ment of patients of diverse age groups presenting with 
respiratory and related disorders. They possess the 
knowledge, skill, and ability to offer a wide scope of 
diagnostic and therapeutic procedures based on the re-
quirements. Evidence supports the importance of RTs 
and RT-driven care in improving patient outcomes 
and reducing morbidities [13-15]. It is also of interest 
that an outcome with decreasing costs and increased 
compliance with established practice guidelines with-
out any increase in adverse events was observed in 

RT-driven care compared to the care directed by phy-
sicians [16]. RTs, as one of the primary practitioners of 
mechanical ventilation, play a pivotal role in identifying 
and fixing various ventilator/ventilation-related disor-
ders, and LUS may facilitate their diagnostic abilities 
in the diagnosis of various respiratory derangements 
such as pneumothorax, pulmonary edema, etc. [17]. 
Nevertheless, it is not currently included as one of the 
standard practices in respiratory therapy profession.

Despite the paucity of literature on international 
consensus on education, assessment of competencies, 
and certification on LUS, these available studies de-
scribed the need for training sessions of 1-3 days with 
alternating theoretical and hands-on sessions [18-21]. 
Anecdotal studies have also shown the positive out-
comes of a 1-day training for physicians [22], 2-day 
training session for paramedics [23], and 0-12 hours 
of training for nurses and medical students resulting in 
the identification of B-lines and pleural effusions [24]. 
Another training study on a multidisciplinary group of 
professionals including physicians and RTs concluded 
the effectiveness of LUS training with a 2-hour video 
lecture, followed by 25 supervised scans [25].

In one of the pioneering studies on LUS train-
ing for RTs, the authors concluded that RTs trained 
in ultrasound are independently capable of performing 
LUS with an accuracy of > 95% [26]. Another recently 
published study concluded that a 2-day (16 hours) of 
training resulted in a post-test outcome of > 60% of 
the total score in 96% of the participants, reflecting 
the importance of didactic theory sessions and practi-
cal sessions [27]. A scoping review published on the 
involvement of RTs in LUS identified seven papers 
that incorporated different approaches of ultrasound 
training for RTs and concluded that training LUS 
skills for RTs seems feasible but needs global stand-
ardization [28].

It is evident that despite the increasing trend of 
the potential of LUS in the diagnostics and therapeu-
tic areas of respiratory care, a global standardization 
of including this tool within the scope of practice of 
RTs is yet to be achieved. Therefore, this first cross-
sectional international survey designed specifically for 
RTs was performed to set a benchmark regarding their 
insights on the knowledge, attitude, and practice re-
garding LUS. We understand that such a survey will 
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give understanding to the global practice, and specific 
measures might be considered to include this imag-
ing tool within the scope of practice of RTs. We also 
anticipate that the outcome of this project will serve 
as a point of reference for policy makers and for the 
upcoming investigations related to the subject matter.

Methods

Study design

This observational cross-sectional survey adopted 
snowball sampling techniques through emails, pro-
fessional social networks, respiratory therapy profes-
sional societies, and RTs of various countries. The 
survey targeted RTs worldwide with diverse educa-
tional backgrounds, age groups, and sex. We devel-
oped the survey on an online survey platform (Google 
Forms). The study was conducted from January 2022 
to May 2022. The study was approved by the institu-
tional ethical committee of Srinivas University, India 
(SUEC:2018/001).

Study participants

The targeted participants were RTs with no re-
strictions to age, sex, educational background, profes-
sional experience, and country where they work. An 
informed consent was obtained from all the partici-
pants. RTs who gave the consent to participate and 
were working in academic and clinical settings were 
included in the study. RTs who denied the consent to 
participate and those who did not complete the survey 
were automatically excluded from the study.

Questionnaire development

The survey questionnaire was created in English. 
Previous studies describing the applications of LUS 
and the competencies required were reviewed [14-18]. 
The authors and two critical care physicians, who are 
experienced in LUS and research, developed the ques-
tionnaire to investigate the objectives of the study. A 
five-member panel of experienced critical care physi-
cians and senior RTs carried out the content validation 

of the questionnaire. The panel examined the core con-
tent, language, appropriateness of questions for vari-
ous domains, scoring patterns, etc. A pilot survey was 
conducted with an experimental group of 20 randomly 
selected participants of various ages, sex, qualifica-
tion, and experience. The internal consistency of the 
responses to the questions of knowledge, attitude, and 
practice domains in the pilot group was analyzed us-
ing Cronbach’s alpha reliability test, with an acceptable 
result of 0.736 (> 0.6).

The survey was segregated into the demographic 
and questionnaire segments. In the demographic seg-
ment, respondents’ basic information such as sex, age, 
nationality, geographical location, educational quali-
fication, and work experience in years were collected. 
The questionnaire segment contained 18 questions, 
with 6 questions each in knowledge, attitude, and 
practice sections. The objective of the questionnaire 
(Supplementary file 1) was to assess the knowledge, 
attitude, and practice of RTs regarding LUS, to com-
pare the knowledge, attitude, and practice regarding 
LUS amongst RTs across the world, and to investigate 
the factors that can facilitate LUS practice in the RT 
profession.

1. Knowledge: This domain focused on the tech-
nical and clinical knowledge of RTs in LUS.

2. Attitude: This domain focused on the sub-
jective perspectives of the RTs regarding the 
training, clinical, and future application of 
LUS.

3. Practice: The practice domain focused on the 
subjective exposure, training, and practice ses-
sions of the RTs with LUS.

Data analysis

All data was populated in Microsoft Excel (2013, 
Redmond, WA, United States) and then transferred to 
SPSS statistical software (SPSS, v.28; IBM, Armonk, 
NY, United States) for analysis. The distribution of all 
qualitative variables, both demographic and other vari-
ables (i.e., close-ended) of samples were examined with 
frequency tables. The descriptive statistics was done us-
ing mean and standard deviation or median and quar-
tile deviation. The mean score of survey domains were 
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an ordinal scale (Table 2). One of the attitude-based 
questions (Q. 12) related to the ‘barriers’ was analyzed 
separately due to its nature.

The frequency for each question under knowl-
edge, attitude, and practice were calculated and pre-
sented in Table 3. The right and wrong answers in the 

compared between sexes using independent sample t-
test. Analysis of variance (ANOVA) was used to find 
the difference among demographic information such as 
age, work country, educational qualifications, and their 
experience based on knowledge, attitude, and practice 
scores. Bonferroni post-hoc analysis was performed to 
determine the significant difference between groups. 
Chi-square and Fisher’s exact tests were performed 
to find the association between demographic domains 
and the ‘barriers to practice’ related question. Statistical 
significance was set at p (two-tailed) < 0.05. Binomial 
logistic regression analysis was also performed between 
the dependent and independent variables to explore the 
values of the study outcome.

Results

A total of 514 RTs from 22 countries responded 
to this survey. The age of the participants ranged from 
23-50, and most respondents were between 23-30 
years (n = 231, 44.9%). The sex distribution was com-
parable between males (n = 250, 48.6%) and females 
(n = 260, 50.6%), with four respondents preferring not 
to disclose their sex. Most of the respondents were 
bachelor’s degree holders (n = 345, 67.1%) followed 
by diploma holders. Though the group was small, there 
were doctorate degree holders (n = 7, 1.4%) among the 
respondents. Most RTs were highly experienced with 
more than 10 years (n = 210, 40.9%). More RTs work-
ing in the Kingdom of Saudi Arabia responded to the 
survey (n = 109, 21.2%), followed by the United Arab 
Emirates, India, the United States, and Canada. The 
distribution of the demographic variables (age, sex, 
academic qualification, years of experience, and work 
country) were examined with frequency tables pre-
sented in Table 1.

Descriptive statistics were calculated with mean 
and standard deviation for the knowledge domain 
questions. The correct answer rates of the six questions 
on the LUS knowledge questions ranged between 
0-100%. The mean knowledge score was 2.80 ± 1.49  
(range: 0-6) suggesting an overall 46.60% correct 
rate on the knowledge domain. Median and quartile 
deviation was calculated for attitude and practice-
based questions as these domains were measured on 

Table 1. Demographic details of the participants.

Demographic characteristics Frequency Percentage

Age

23-30 231 44.9

>30-40 187 36.4

>40-50 78 15.2

> 50 18 3.5

Sex

Male 250 48.6

Female 260 50.6

Prefer not to say 4 0.8

Academic qualification

Bachelor’s 345 67.1

Diploma/Associate’s 83 16.1

Intern 15 2.9

Master’s 57 11.1

On-the-job trainee 7 1.4

Ph.D. 7 1.4

Years of experience

0-2 years 104 20.2

>2-5 years 99 19.3

>5-10 years 101 19.6

>10 years 210 40.9

Country where the respondent 
currently works

Bahrain 11 2.1

Canada 56 10.9

India 86 16.7

KSA 109 21.2

Philippines 18 3.5

Qatar 44 8.6

UAE 89 17.3

USA 75 14.6

Others 26 5.1

Ph.D., Doctor of Philosophy; KSA, Kingdom of Saudi Arabia; 
UAE, United Arab Emirates; USA, United States of America.
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questions. Similarly, among the practice-based ques-
tions, question 18 on the advocacy of LUS in the RT 
profession (n = 269, 52.3%) and question 13 regarding 
previous learning in LUS (n = 267, 51.9%) reflected 
the keenness of the respondents to learn LUS and in-
volve LUS in their practices. More than half of the 
participants were found to be knowledgeable with 
positive attitudes and working towards including LUS 
in the RT profession.

The mean score of knowledge, attitude, and prac-
tice were compared between male and female sexes 

knowledge-based domain and the responses of the 
attitude-based and practice-based domains were re-
corded individually with frequency and percentage to 
validate the strength of each question.

In question 1, the majority of the respond-
ents were aware that LUS does not emit radiation  
(n = 387, 75.3%). Question 9 regarding the require-
ment of LUS training for RTs (n = 454, 88.3%) and 
question 11 on the inclusion of an LUS module to RT 
school curriculum (n = 446, 86.8%) were found to have 
a more positive attitude in the group of attitude-based 

Table 2. Response rate of the participants.

Dependent variables Mean ± SD Median (Quartile Deviation)

Knowledge 2.80 ± 1.49

Attitude 4.18 ± 1.29 5.00 (4.00-5.00)

Practice 2.19 ± 1.73 2.00 (1.00-4.00)

SD, Standard deviation.

Table 3. Knowledge, attitude, and practice questionnaire analysis.

Knowledge-based questions Correct, n (%) Incorrect, n (%)

Q1: LUS emits radiation (No) 387 (75.3) 127 (24.7)

Q2: Image identification (Pleural reverberation artifacts) 164 (31.9) 350 (68.1)

Q3: Image identification (Bat sign) 276 (53.7) 238 (46.3)

Q4: Image identification (Pleural effusion) 214 (41.6) 300 (58.4)

Q5: Image identification (Pulmonary edema) 198 (38.5) 316 (61.5)

Q6: Sea shore in M-mode (Normal lung) 198 (38.5) 316 (61.5)

Attitude-based questions Yes, n (%) No/not sure, n (%)

Q7: LUS within the scope of RTs? 430 (83.7) 84 (16.3)

Q8: LUS promotes safety culture? 439 (85.4) 75 (14.6)

Q9: Need of training for RTs? 454 (88.3) 60 (11.7)

Q10: RTs are competent to do LUS? 377 (73.3) 137 (26.7)

Q11: LUS module in RT school curriculum? 446 (86.8) 68 (13.2)

Q12: Barriers for RTs to do LUS?

Practice-based questions Yes, n (%) No, n (%)

Q13: Previous learning in LUS? 267 (51.9) 247 (48.1)

Q14: Any formal certification in LUS? 36 (7.0) 478 (93.0)

Q15: Any hands-on experience in LUS? 134 (26.1) 380 (73.9)

Q16: Any feedback on your experience in LUS? 176 (34.2) 338 (65.8)

Q17: Any assistance offered to others in LUS? 244 (47.5) 270 (52.5)

Q18: Ever been an advocate for LUS in RT profession? 269 (52.3) 245 (47.7)

LUS, Lung ultrasound; RT, Respiratory therapist.
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responses of various domains were performed using 
Bonferroni post-hoc analysis. We observed a significant 
difference in the responses of the practice domain be-
tween the age groups of 23-30 and 41-50 (p < 0.05). 
The comparison between the rest of the groups was not 
significant. Knowledge, attitude, and practice scores 
significantly differed between work countries (p < 
0.05) by applying ANOVA (Table 6). The mean scores 
of participants from India were found to be highest 
in all the domains such as knowledge (3.24 ± 1.45), 
attitude (4.51 ± 0.84), and practice (3.34 ± 1.51) com-
pared to participants from the rest of the countries. The 
post-hoc analysis revealed a significant difference in the 

using independent sample t-test (Table 4). Knowledge, 
attitude, and practice scores significantly differed be-
tween males and females (p < 0.05). Knowledge and 
attitude scores regarding LUS were highest among 
females: (2.94 ± 1.40) and (4.38 ± 0.91), respec-
tively. Practice scores on LUS were higher for males  
(2.37 ± 1.70). The mean scores of knowledge, attitude, 
and practice were compared between age groups using 
ANOVA (Table 5). There was a significant difference 
(p < 0.05) between age groups for practice scores re-
garding LUS. The youngest age group (23-30) had a 
higher mean score (2.42 ± 1.74) than other age groups. 
Multiple comparisons between the age groups on the 

Table 4. Comparison of sex in the knowledge, attitude, and practice scores.

Domain Sex n Mean SD t p

Knowledge Male 250 2.6080 1.55951
2.55 0.01*

Female 260 2.9423 1.39516

Attitude Male 250 4.0280 1.49538
3.23 0.001*

Female 260 4.3808 0.91175

Practice Male 250 2.3680 1.69590
2.06 0.04*

Female 260 2.0538 1.74786

*, Statistically significant. SD, Standard deviation.

Table 5. Comparison of age groups in the knowledge, attitude, and practice scores.

Domain Age Group n Mean SD SE F p

Knowledge 23-30 231 2.6797 1.54398 0.10159 1.68 0.17

>30-40 187 2.8075 1.44257 0.10549

>40-50  78 2.9872 1.46379 0.16574

>51  18 3.3333 1.37199 0.32338

Total 514 2.7957 1.49303 0.06585

Attitude 23-30 231 4.1602 1.18519 0.07798 0.05 0.98

>30-40 187 4.1872 1.39208 0.10180

>40-50  78 4.1667 1.39029 0.15742

>51 18 4.2778 1.22741 0.28930

Total 514 4.1751 1.29344 0.05705

Practice 23-30 231 2.4156 1.74469 0.11479 4.92 0.002*

>30-40 187 2.1979 1.74701 0.12775

>40-50  78 1.7051 1.59633 0.18075

>51  18 1.3333 1.37199 0.32338

Total 514 2.1907 1.73223 0.07641

*, Statistically significant. SD, Standard deviation; SE, Standard error.
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Arab Emirates, the Kingdom of Saudi Arabia and 
Qatar, and the United Arab Emirates and the United 
States (p < 0.05). In the practice domain, we observed 
a significant difference between India and Canada, 
the Kingdom of Saudi Arabia, the Philippines,  Qatar, 
the United Arab Emirates, and the United States  
(p < 0.05). ANOVA was applied to qualifications 
and domains. Knowledge and practice scores were 

response was observed between India and the King-
dom of Saudi Arabia and the Philippines (p < 0.05), 
and the differences among the other countries were 
insignificant among the responses in the knowledge 
domain. In the attitude domain, a significant differ-
ence was observed between Canada and the Kingdom 
of Saudi Arabia and the United Arab Emirates,  India 
and the Kingdom of Saudi Arabia and the United 

Table 6. Comparison of country in the knowledge, attitude, and practice scores.

Domains Work country n Mean SD F p

Knowledge Bahrain  11 2.2727 1.61808 3.92 < 0.001*

Canada  56 3.0536 1.36741

India  86 3.2442 1.45470

KSA 109 2.3394 1.34178

Philippines  18 1.8333 1.09813

Qatar  44 2.8636 1.19283

UAE  89 2.8764 1.62243

USA  75 2.8133 1.51295

Others  26 3.1154 1.90425

Total 514 2.7957 1.49303

Attitude Bahrain  11 3.8182 1.16775 7.77 < 0.001*

Canada  56 4.6250 .61975

India  86 4.5116 .83658

KSA 109 3.5413 1.69166

Philippines  18 4.3333 .48507

Qatar  44 4.5227 .90190

UAE  89 3.8202 1.51928

USA  75 4.5333 1.08221

Others  26 4.3846 1.13409

Total 514 4.1751 1.29344

Practice Bahrain  11 2.0909 1.51357 8.58 < 0.001*

Canada  56 1.7500 1.68685

India  86 3.3372 1.50771

KSA 109 1.8532 1.60915

Philippines  18 1.7222 1.40610

Qatar  44 2.0909 1.50686

UAE  89 1.6067 1.74263

USA  75 2.3467 1.69653

Others  26 2.8462 1.91191

Total 514 2.1907 1.73223

*, Statistically significant. SD, Standard deviation; KSA, Kingdom of Saudi Arabia; UAE, United Arab Emirates; USA, United 
States of America.
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practice questions. Attitude scores were not corre-
lated with years of experience. We observed a signifi-
cant difference in the practice responses between the 
0-2 years of experience and > 10 years of experience  
(p < 0.05) after post-hoc analysis. No statistical signifi-
cance was observed in the attitude responses amongst 
the groups of years of experience (p > 0.05). In the 
practice domain, there was a significant difference be-
tween those with 6-10 years and > 10 years of experi-
ence (p < 0.05) (Table 8). Logistic regression analysis 
was performed between the dependent and inde-
pendent variables to predict the values of the study 
outcome. The dependent variables were years of expe-
rience (up to 5 years and above 5 years of experience) 
and academic qualifications (qualifications less than 
bachelor’s degree and bachelor’s degree and above). 
The independent variables were the knowledge, at-
titude, and practice scores. We attained a regression 

the highest among respondents with master’s degree 
(3.75 ± 1.38 and 3.12 ± 1.85, respectively), whereas the 
attitude score was the highest among the Ph.D. group  
(4.57 ± 0.79) (Table 7).

After post-hoc analysis, we observed a significant 
difference in the responses of the practice domain 
between master’s degrees and interns, diploma, and 
bachelor’s degrees (p < 0.05). A significant difference 
in the attitude responses was observed between bach-
elor’s degree holders and diploma holders (p < 0.05). 
In the practice domain, there was a significant differ-
ence between master’s degree holders and diploma and 
bachelor’s degree holders (p < 0.05). There was a sig-
nificant difference (p < 0.05) in knowledge regarding 
LUS. We observed that respondents with more than 
10 years of experience had a higher score (3.02 ± 1.47)  
than the other groups. The group with 6-10 years of 
experience scored higher than other groups in the 

Table 7. Comparison of academic qualification in knowledge, attitude, and practice scores.

Domains Academic qualification n Mean SD F p

Knowledge Bachelor’s 345 2.6696 1.50419 6.11 < 0.001*

Diploma/associate 83 2.7108 1.33005

Intern 15 2.3333 1.44749

Master’s 57 3.7544 1.37945

Trainee 7 2.5714 0.97590

Ph.D. 7 3.4286 1.51186

Total 514 2.7957 1.49303

Attitude Bachelors 345 4.0464 1.39482 2.85 0.02*

Diploma/Associate 83 4.5181 0.83171

Intern 15 4.4667 0.63994

Masters 57 4.4035 1.23722

Trainee 7 3.5714 1.51186

Ph.D. 7 4.5714 0.78680

Total 514 4.1751 1.29344

Practice Bachelors 345 2.1797 1.69203 5.08 < 0.001*

Diploma/Associate 83 1.7711 1.72729

Intern 15 1.9333 1.22280

Masters 57 3.1228 1.85232

Trainee 7 1.4286 1.13389

Ph.D. 7 1.4286 1.61835

Total 514 2.1907 1.73223

*, Statistically significant. SD, Standard deviation; Ph.D., Doctor of Philosophy.
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analysis with academic qualification concluded that 
knowledge and practice have a positive impact with 
the higher academic qualification, whereas attitude 
has a negative impact with the academic qualification 
(Table 10).

output that concluded knowledge and attitude had a 
positive impact on the years of experience, as higher 
experience resulted in an increase in knowledge and 
attitude, whereas practice questions had a negative im-
pact on the years of experience (Table 9). Regression 

Table 8. Comparison of years of experience in knowledge, attitude, and practice scores.

Domains Years of experience n Mean SD F p

Knowledge 0-2 104 2.5288 1.56389 2.99 0.03*

>2-5  99 2.6869 1.59493

>5-10 101 2.7129 1.31405

>10 210 3.0190 1.46722

Total 514 2.7957 1.49303

Attitude 0-2 104 3.8942 1.37183 2.34 0.07

>2-5  99 4.2222 1.13888

>5-10 101 4.3465 1.22013

>10 210 4.2095 1.34268

Total 514 4.1751 1.29344

Practice 0-2 104 2.4519 1.61233 3.98 0.01*

>2-5  99 2.1212 1.76284

>5-10 101 2.5446 1.81397

>10 210 1.9238 1.69827

Total 514 2.1907 1.73223

*, Statistically significant. SD, Standard deviation.

Table 9. Regression analysis among knowledge, attitude, and practice scores and years of experience.

Independent 
variable B SE Wald

Degrees of 
freedom p Odds Ratio

95% CI

Lower Upper

Knowledge 0.155 0.064 5.920 1 0.015* 1.167 1.031 1.322

Attitude 0.121 0.072 2.847 1 0.092 1.128 0.981 1.298

Practice -0.105 0.055 3.634 1 0.057 0.900 0.808 1.003

Constant -0.272 0.330 0.680 1 0.410 0.762 NA NA

*, Statistically significant. CI, Confidence interval; SE, Standard error.
NA, Not applicable.

Table 10. Regression analysis among knowledge, attitude, and practice scores and academic qualifications.

Independent 
variable B SE Wald

Degrees of 
freedom p Odds Ratio

95% CI

Lower Upper

Knowledge 0.065 0.080  0.655 1 0.418 1.067 0.912 1.247

Attitude -0.343 0.114  9.023 1 0.003* 0.710 0.568 0.888

Practice 0.224 0.071  9.848 1 0.002* 1.251 1.088 1.439

Constant 2.200 0.524 17.625 1 0.000 9.021

*, Statistically significant. CI, Confidence interval; SE, Standard error.
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test. Overall, 52.4% of the male and 48.8% of the fe-
male RTs reported that there were barriers to LUS. 
No significant difference (Chi-square = 5.44; p = 0.07)  
was observed, concluding that there was no associa-
tion between sex and perception of barriers to prac-
tice LUS (Figure 2, Table 13). Fisher’s exact test was 
performed to find the association between academic 
qualifications and the barriers to practice-related ques-
tion. A significant difference (Fisher’s exact = 18.73;  
p = 0.04) was found indicating that there is an asso-
ciation between academic qualification of the RTs and 
barriers to practice LUS (Figure 3, Table 14). The as-
sociation between the years of experience of the RTs 
and their attitude towards the barriers to practice LUS 
was assessed using the chi-square test. RTs who had 
more than 10 years of experience in the field agreed that 
barriers to practicing LUS remain even though they 
are experienced. We identified a significant difference  
(p < 0.05) between the years of experience and the at-
titude towards barriers to practice LUS (Figure 4, 
Table 15). Fisher’s exact test was applied to find the asso-
ciation between work countries and barriers to practice- 
related question. Nearly 50.2% of the RTs reported that 
barriers exist for them to use the LUS irrespective of 
the work country, while 27.0% of them responded that 
there were no barriers. The remaining respondents were 
unsure. There was a significant difference (Fisher’s exact 
= 46.68; p = 0.001) (Figure 5, Table 16).

Question on barriers to practice LUS

There was a question in the attitude domain as fol-
lows: “If formally certified in lung ultrasound to enhance the 
scope of practice, do you think that there will be barriers for 
RTs to perform lung ultrasound?” The options were: a) Yes 
b) No c) Not sure. Table 11 shows that 50% of the respond-
ents mentioned that there might be barriers for the RTs 
to practice LUS, even if they were formally certified. All 
the independent variables such as demographic details 
were analyzed against the attitude-based question on 
barriers to practice LUS. Fisher’s exact test was applied 
to find the association between age groups and barriers 
to practice. No significant difference (Fisher’s exact test 
= 11.59; p value = 0.07) was found between these two 
variables, concluding that there was no association be-
tween age group of the RTs and barriers to practice LUS 
(Figure 1, Table 12). The association between sex and 
barriers to practice was analyzed using the chi-square 

Table 11. Attitude domain question on barriers to practice 
lung ultrasound.

Answer Frequency Percent

No 139  27.0

Not sure 117  22.8

Yes 258  50.2

Total 514 100.0

Figure 1. Insight of respondents on the barriers to practice lung ultrasound based on age groups.
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Table 12. Cross tabulation between age and barrier-related question.

Parameter

If formally certified in lung ultrasound to enhance the scope of 
practice, do you think that there will be barriers for respiratory 

therapists to use this diagnostic tool?

TotalNo Not Sure Yes

Age group in years 23-30 70 (30.3) 42 (18.2) 119 (51.5) 231

>30-40 50 (26.7) 44 (23.5)  93 (49.7) 187

>40-50 17 (21.8) 27 (34.6)  34 (43.6) 78

>51  2 (11.1)  4 (22.2)  12 (66.7) 18

Total 139 117 258 514

Fisher’s exact test = 11.59; p = 0.07.

Figure 2. Insight of respondents on the barriers to practice lung ultrasound based on sex.

Table 13. Cross tabulation between sex and barrier-related 
question.

Sex

If formally certified in lung ultrasound 
to enhance the scope of practice, do 
you think that there will be barriers 
for respiratory therapists to use this 

diagnostic tool?

TotalNo Not sure Yes

Male  57 (22.8)  62 (24.8) 131 (52.4) 250

Female  82 (31.5)  51 (19.6) 127 (48.8) 260

Total 139 (27.3) 113 (22.2) 258 (50.6) 510

Chi-square = 5.44; p = 0.07.

in medicine. LUS appears to be a promising tool in 
the diagnostic and prognostic aspects of respiratory 
disorders, especially in acute care settings. Consider-
ing the pivotal role of RTs in acute care settings, it is 
recommended that RTs should master the knowledge 
and skills related to LUS [28, 29]. It is suggested that 
as the primary caregivers of ventilated patients, RTs 
trained in LUS will have specific beneficial outcomes 
in terms of early recognition of pneumothorax, facili-
tation of weaning, and optimization of the positive-
end expiratory pressure in worsening acute respiratory 
distress syndrome patients [28].

This study was the first international survey spe-
cifically conducted for RTs to capture a diverse range 
of practices, challenges, and insights, offering a com-
prehensive view of how LUS is utilized worldwide by 
RTs. Even though the sample size was small compared 

Discussion

The scope of practice of RTs has been expand-
ing with the evolution of new related technologies 



Multidisciplinary Respiratory Medicine 2024; volume 19: 98052

participation was noted from the senior RTs with more 
than 10 years of experience. RTs working in diverse 
geographical regions responded to the survey, with 
higher responses from the Middle Eastern countries.

From the knowledge domain analysis, the mean 
score of 2.80 ± 1.49 (range: 0-6) reflected the insuf-
ficiency of LUS knowledge that the RTs possess. One 
of the alarming parts of the knowledge domain was 
about the ‘seashore sign,’ in which only 38.5% of the 
RTs correctly mentioned it as a normal lung pattern 

to the number of RTs globally, the survey had partici-
pation from many countries where the practice exists, 
providing important insights into their shared per-
spectives on LUS. The survey reflected all age groups, 
with considerable participation from the young RTs. 
Sex-wise, the samples were comparable. RTs with 
diverse qualifications participated in the survey, with 
prominent representation from bachelor’s degree hold-
ers. From an experience perspective, the groups with 
less than 10 years were comparable, but a striking 

Figure 3. Insight of respondents on the barriers to practice lung ultrasound based on  educational 
qualifications (Ph.D., Doctor of Philosophy).

Table 14. Cross tabulation between qualification and barrier-related question.

Academic qualification

If formally certified in lung ultrasound to enhance the scope of 
practice, do you think that there will be barriers for respiratory 

therapists to use this diagnostic tool?

TotalNo Not sure Yes

Bachelors 95 (27.5) 84 (24.3) 166 (48.1) 345

Diploma/Associate 27 (32.5) 22 (26.5)  34 (41.0) 83

Intern  3 (20.0)  2 (13.3)  10 (66.7) 15

Master’s 10 (17.5)  7 (12.3)  40 (70.2) 57

Trainee  2 (28.6)  2 (28.6)  3 (42.9) 7

Ph.D.  2 (28.6) 0 (0)  5 (71.4) 7

Total 139 117 258 514

Fisher’s exact = 18.73; p = 0.04. Ph.D., Doctor of Philosophy.
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Figure 4. Insight of respondents on the barriers to practice lung ultrasound based on years of 
experience.

Figure 5. Insight of respondents on the barriers to practice lung ultrasound based on the 
country they work. (KSA, Kingdom of Saudi Arabia; UAE, United Arab Emirates; USA: 
United States of America).

Table 15. Cross tabulation between years of experience and barrier-related question.

Years of experience

If formally certified in lung ultrasound to enhance the scope of practice, 
do you think that there will be barriers for respiratory therapists to use 

this diagnostic tool?

TotalNo Not sure Yes

0-2 21 (20.2) 24 (23.1) 59 (56.7) 104

>2-5 45 (45.5) 13 (13.1) 41 (41.4)  99

>5-10 23 (22.8) 19 (18.8) 59 (58.4) 101

> 10 50 (23.8) 61 (29.0) 99 (47.1) 210

Total 139 117 258 514
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and their interest to include LUS in the profession was 
visible in their responses related to assisting the LUS-
related procedures and their interaction on LUS with 
other healthcare professionals.

In our study, the positively attributed responses in 
the knowledge and practice domains were high among 
the RTs who have completed their master’s and Ph.D. 
This corresponded to the years of clinical exposure they 
possess. This reflects that the learning trajectory in any 
areas such as LUS progresses from basic principles and 
techniques to more advanced concepts and skills [31].  
Like any other technique, the process of the LUS 
learning curve typically starts with exploring the tech-
nical aspects of the equipment and by obtaining and 
interpreting basic ultrasound images. With experience, 
they may move on to more advanced techniques, such 
as using ultrasound to guide procedures or to assess 
specific respiratory conditions.

The results obtained from knowledge-based ques-
tions was comparable to a prospective cohort study 
conducted by See et al., in which RT trainees were 
examined with the same pre-performance and post-
performance-based test in identifying ultrasound im-
ages after undergoing a didactic session, self-learning 
module, and practical assessment. It was found that 
the trainees were 95% successful in interpreting 
the images, and the performance score was directly 

from the options given. It is understood that the pau-
city of focused training and position statements spe-
cific for the RTs to perform LUS might have led to the 
ambiguity as reflected in the responses of the knowl-
edge domain. Additionally, this uncertainty in the 
 knowledge-related domain of RTs might perpetuate 
considering their naiveness in LUS and the infancy of 
the profession in some parts of the world [30].

The mean attitude score in this survey was  
4.18 ± 1.29 (range: 0-5) reflecting the positive ap-
proach of RTs toward LUS. The majority (83.7%) 
stand with the idea of including LUS within their 
scope of practice. In general, the attitude of respond-
ents was suggestive of the need to empower the RTs 
with LUS with proper training to enhance patient care 
and safety culture. We agree with a previous similar 
study that such an extended scope can be developed 
only through proper training pathways to set up a clear 
structure focusing on the outcome, i.e., patient care.

The mean practice score was 2.19 ± 1.73 (range: 
0-6), indicating an insufficient exposure and practice 
of LUS by the RTs. It is of great interest that 51.9% of 
RTs have initiated efforts to practice LUS by learning 
through workshops/ journals/ textbooks/ webinars/ 
YouTube. However, only 7.0% of the RTs have some 
certification in LUS, with only 26.1% of them having 
hands-on experience. The enthusiasm to learn LUS 

Table 16. Cross tabulation between work country and barriers for lung ultrasound.

Country where the respondent 
currently works

If formally certified in lung ultrasound to enhance the scope of 
practice, do you think that there will be barriers for respiratory 

therapists to use this diagnostic tool?

TotalNo Not sure Yes

Bahrain  3 (27.3) 0 (0)  8 (72.7)  11

Canada  13 (23.3)  12 (21.4)  31 (55.4)  56

India  22 (25.6)  22 (25.6)  42 (48.8)  86

KSA  24 (22.0)  19 (17.4)  66 (60.6) 109

Philippines  10 (55.6) 0 (0)  8 (44.4)  18

Qatar  17 (38.6)  5 (11.4)  22 (50.0)  44

UAE  28 (31.5)  27 (30.3)  34 (38.2)  89

USA  15 (20.0)  29 (38.7)  31 (41.3)  75

Others  7 (26.9)  3 (11.5)  16 (61.5)  26

Total 139 (27.0) 117 (22.8) 258 (50.2) 514

Fisher’s exact = 46.68; p = 0.000. KSA, Kingdom of Saudi Arabia; UAE, United Arab Emirates; USA, United States of America.
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and simulation-based education [37, 38]. Addition-
ally, continuing education programs such as work-
shops, online courses, and certification programs are 
crucial [39, 40]. Interdisciplinary training through col-
laborative learning with other professionals and case-
based learning can also enhance RTs’ skills [41, 42].  
Moreover, mentorship and peer learning opportunities 
should be provided to support ongoing professional 
growth [43, 44].

An area of concern identified was the barriers to 
practice LUS. In our study, irrespective of diverse de-
mographic details, half of the total respondents agreed 
that there might exist barriers for the RTs to practice 
LUS, and the other half had mixed opinions. Even 
though the survey did not subcategorize the types of 
expected barriers, the potential barriers to RTs’ in-
volvement in LUS practice, as reflected from the lit-
erature include lack of formal training and curriculum, 
lack of resources and mentors, time constraints, lack of 
accreditation or standardization, resistance to practice, 
and lack of confidence [30]. Strategies to overcome 
these barriers include investing in equipment and 
resource sharing, providing integrated training ses-
sions and hybrid self-paced programs, implementing 
standardized training guidelines and tailored certifica-
tion programs, offering evidence-based education and 
inclusive approaches, and providing frequent practice 
opportunities and mentorship [37, 39, 40, 43]. If RTs, 
even with formal certification, continue to have bar-
riers to practice, then this points at the need of com-
petency assessments with the endorsement from the 
respective professional societies or regulatory bodies.

Due to the nature of their educational background 
and professional practice, RTs are eligible candidates 
to learn and practice LUS. However, the extent and 
duration of training/learning, the frequency of scans to 
be done, and the competency-based assessment spe-
cific to RTs are still unknown with some repositioned 
statements related to other professions.

It has been reported from a few anecdotal experi-
ences and conference abstracts that LUS skills can be 
satisfactorily achieved with a training duration ranging 
from 2 hours to 4 months and with 20-80 supervised 
scans [36, 45-47]. Even though the learning curve as-
sociated with the application of LUS is relatively short, 
the diagnostic yield of LUS depends primarily on the 

proportional to the number of training cases attended 
by the trainees [26]. Hence, systematic training and 
practice are essential to master LUS, as the goal of 
LUS training is to enable healthcare professionals like 
RTs to use ultrasound effectively and confidently in 
their clinical practice [32].

The attitude of the working professional RT re-
garding the need for the inclusion of LUS curriculum 
in RT school reflected the necessity of the same. This 
finding was backed by another cross-sectional study 
that focused on the RTs working in Saudi Arabia 
where the results showed the need of integrating LUS 
into RT curriculum [30].

Hands-on experience is an important part of 
training in LUS [33], and we applaud the positive 
responses of our respondents related to attitude and 
practice reflecting their interest towards the learning 
process. One of the ways RTs can gain hands-on ex-
perience in LUS includes the observation of experi-
enced practitioners while they perform LUS exams, 
which can provide valuable insight into the technique 
and help to build an understanding of the process [34].  
Another method is to practice LUS on simulated 
models, which helps to develop technical skills and 
confidence [35].

The practice-based responses in our study are in 
accordance with a study where the trainees includ-
ing RTs were exposed to a didactic session with video 
lecture, hands-on session at the bedside, and practical 
assessments of LUS. When the trainee’s knowledge 
was assessed, almost 80% of the trainees were able to 
identify the normal lungs and lungs with interstitial-
alveolar syndrome after a few examinations and su-
pervisions, reflecting the importance of exposure and 
training [25]. The most comprehensive way to gain 
hands-on experience in LUS is to perform supervised 
exams or performance-based assessment on real pa-
tients. This can provide valuable experience in working 
with patients and applying the knowledge and skills 
learned [36].

To address the identified gaps noted from our 
survey, regarding knowledge and practice of RTs, it is 
important to implement comprehensive and targeted 
professional development programs. Strategies to facil-
itate this include standardized training programs with 
a comprehensive curriculum, hands-on workshops, 
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LUS clearly has an impact on respiratory care prac-
tices, there are substantial gaps, as identified from the 
available literature. Future research focusing on rand-
omized controlled academic and clinical trials with the 
inclusion of LUS as a tool of practice for RTs is highly 
recommended. There also exists a need for multicen-
tered prospective studies to propose and standardize 
the training and competency requirement in LUS 
for RTs. Everything starts at the school level, and we 
highlight the need to include LUS modules in respira-
tory therapy curriculum across the globe.

Strengths and limitations of this study

This is the first international survey conducted to 
explore the objective and subjective responses of RTs on 
LUS. Since this survey only addressed qualified respira-
tory therapy professionals, the responses might be con-
sidered as their global feedback on this imaging tool. 
However, we consider the number of participants in this 
study to be low compared to the worldwide number of 
RTs. We assume this to be due to the specific nature of 
the topic, where the practice of LUS by the RTs is still 
naïve in many parts of the world. This might have led 
to a bias of interest in the topic. Another reason might 
be survey fatigue as the coronavirus disease 2019 pan-
demic caused a surge in survey-based research activities.
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APPENDIX

SUPPLEMENTARY FILE 1: SURVEY QUESTIONNAIRE

Questions Answer Options 
[Italic Bold-Correct Answer]Knowledge-Based Questions

Q1 Lung ultrasound emits radiation. a. Yes
b. No
c. Maybe

Q2 The bright horizontal lines represented by the arrows indicates __________ a. Lung tissue artifacts
b. Pleural reverberation artifacts
c. Endotracheal Tube artifacts
d. Rib shadows

Q3 What normal / abnormal sign is visible in the following lung ultrasound image? a. Seashore sign
b. Bat sign
c. Quad sign
d. B-lines

Q4 What normal/ abnormal sign is indicated by the arrow? a. Pulmonary Edema
b. Pleural Effusion
c. Pneumothorax
d. Atelectasis
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Questions Answer Options 
[Italic Bold-Correct Answer]Knowledge-Based Questions

Q5 What is the most likely clinical condition reflected by the vertical lines in this lung 
ultrasound image of a patient in respiratory distress?

a. Pulmonary Edema
b. Pleural Effusion
c. Pneumothorax
d. Normal Lung

Q6 Seashore sign in M-mode of Lung ultrasound indicates __________ a. Pulmonary Edema
b. Pleural Effusion
c. Pneumothorax
d. Normal Lung

Attitude-Based Questions Answer Options

Q7 Do you think that Lung Ultrasound should be included within the scope of practice  
of RTs?

a. Yes
b. No
c. Not sure

Q8 Do you think that RT performed lung ultrasound can promote safety culture in ICU, 
especially in case of ventilated patients?

a. Yes
b. No
c. Not sure

Q9 Do you think that there is a need of development of training-based certification on 
Lung Ultrasound for the currently practicing RTs?

a. Yes
b. No
c. Not sure

Q10 Do you think that your academic and clinical knowledge can make you competent to 
perform lung ultrasound?

a. Yes
b. No
c. Not sure

Q11 Do you think that lung ultrasound needs to be included in the curriculum of RT 
schools?

a. Yes
b. No
c. Not sure

Q12 If formally certified in lung ultrasound to enhance the scope of practice, do you think 
that there will be barriers for RTs to perform lung ultrasound?

a. Yes
b. No
c. Not sure

Practice-Based Questions Answer Options

Q13 Have you ever learnt about Lung Ultrasound in any workshops/ journals/ textbooks/ 
webinars/ YouTube?

a. Yes
b. No

Q14 Do you have any formal certification in Lung Ultrasound? a. Yes
b. No

Q15 Do you have any hands-on experience in Lung Ultrasound? a. Yes
b. No

Q16 Have you ever been asked by the Physicians/ Nurses/ Other Healthcare Professionals, 
regarding your knowledge on Lung Ultrasound?

a. Yes
b. No

Q17 Have you ever assisted the Physicians in performing Lung Ultrasound/ prepared the 
Ultrasound Machine?

a. Yes
b. No

Q18 Have you ever interacted/ recommended the scope of Lung Ultrasound in RT 
Profession, to Colleagues/ Supervisors/ Other Healthcare Professionals/ Management?

a. Yes
b. No
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Effect of Home-Based Pulmonary Rehabilitation on Pulmonary Fibrosis
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Background: Pulmonary fibrosis is a chronic, progressive lung condition that involves lung tissue scarring and 
thickening. The effects of home-based pulmonary rehabilitation (PR) in post-COVID pulmonary fibrosis (PCPF) 
and other forms of fibrosis together have not been evaluated. This study aims to evaluate the effectiveness of home-
based pulmonary rehabilitation on pulmonary function, functional capacity, and health-related quality of life in 
people with pulmonary fibrosis [post-COVID pulmonary fibrosis, pulmonary fibrosis secondary to pulmonary 
tuberculosis (TB), pulmonary fibrosis secondary to interstitial lung disease (ILD), pulmonary fibrosis secondary 
to bronchiectasis].
Methods: A single-group pretest–posttest experimental study was performed after recruiting 98 pulmonary fi-
brosis subjects from K.M.C hospitals. After being screened for the inclusion and exclusion criteria, 45 subjects 
were analyzed, and 6 subjects were lost to follow up. A home-based pulmonary rehabilitation program was carried 
out for 8 weeks (warm-up, stretching exercises, aerobic exercise, strength training for upper limb and lower limb, 
breathing exercises mainly involved; others: energy saving techniques, controlled coughing techniques, dyspnea 
relieving positions). The program was supervised via weekly phone calls. Pulmonary function (Pulmonary func-
tion test), exercise capacity (6-minute walk test), dyspnea (modified Borg scale), and health-related quality of life 
(SF-36) were evaluated before and after the intervention. During the enrollment and after the 6-minute walk test, 
saturation of peripheral oxygen (SPO2) level was also evaluated pre-intervention and after the 8-weeks program.
Results: Pulmonary function [FVC(L) t = -12.52, p<0.05; FEV1(L) t = -2.56, p<0.05; FEV1/FVC t = 7.98, p<0.05 
and DLCO (ml/min/mmHg) t = -5.13, p<0.05], 6MWD [MD 88.66; p<0.05] and HRQOL measured by SF-36 
scores (p<0.05) were improved significantly. Both the baseline SPO2 level before the 6MWT [MD 1.07, p<0.05] 
and the SPO2 level after the 6MWT [MD 1.16, p<0.05] showed a significant improvement. The rating of per-
ceived exertion(dyspnea) [MD 1.30, p<0.05] was reduced significantly after the 8-week program.
Conclusion: Our study shows that home-based pulmonary rehabilitation is an effective option for improving lung 
function and physical functional capacity by reducing dyspnea perception and improving the saturation of periph-
eral oxygen (SPO2) level, and enhancing the quality of life in people with pulmonary fibrosis.

Key words: home-based pulmonary rehabilitation, post-COVID pulmonary fibrosis, idiopathic pulmonary fibro-
sis, interstitial lung disease, pulmonary function test, quality of life.
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Background

Pulmonary Fibrosis (PF) is the common term 
used to describe a large family of diseases that causes 
inflammation and scarring of the lung. It is typically 
not a primary disease but rather develops as a result 
of other respiratory or interstitial lung disorders [1–3]. 
Worldwide, pulmonary fibrosis has a high prevalence 
and mortality rate [4]. In the post-COVID era, the 
healthcare system has been changed by post-COVID 
complications [5]. One of them is post-COVID Pul-
monary Fibrosis (PCPF) [6]. However, pulmonary fi-
brosis is caused not just by post-COVID or interstitial 
lung diseases but also by other lung diseases such as 
bronchiectasis and pulmonary tuberculosis (TB).

Basically, the extracellular matrix (ECM) be-
comes coated with abnormal collagens, causing pul-
monary fibrosis. This results in a stiff lung that lacks 
the compliance (or “stretchability”) required for regu-
lar breathing [7]. Lung scarring blocks the pathways 
necessary for deactivating pro-fibrotic cells and elimi-
nating the proliferating matrix. This intricate process 
includes myofibroblast transition of epithelial cells, a 
procoagulant framing in the lung, oxidative signaling, 
supported by the accumulation of reactive oxygen spe-
cies in the lungs, and replacement of the normal type I 
alveolar epithelium with hyperplastic type II cells [8]. 
It is driven by neutrophils and macrophages because of 
their released cytokines (IL-6, IL-2, IL-1, and TNFα) 
and chemokines (IL-8 and oxanthin) [9].

People with pulmonary fibrosis seek medical at-
tention for their progressive, persistent coughs and 
dyspnea. Dyspnea and fatigue impair the functional 
capacity and quality of life of pulmonary fibrosis pa-
tients. Individuals with pulmonary fibrosis gradually 

become less physically active and unable to do daily 
living activities as fibrosis advances, dyspnea, and ex-
haustion worsen [10].

Pulmonary rehabilitation (PR) is one of the ad-
vantageous management techniques to improve short-
ness of breath, health status, exercise tolerance, etc. In 
2013, the ‘American Thoracic Society (ATS)’ defined 
pulmonary rehabilitation as - “A comprehensive in-
tervention based on a thorough patient assessment 
followed by patient-tailored therapies, which include 
but are not limited to, exercise training, education, and 
behavior change, designed to improve the physical and 
emotional condition of people the long-term adher-
ence of health-enhancing behaviors” [11].

As a homecare-based rehabilitation purpose, 
patients with pulmonary fibrosis (post-COVID pul-
monary fibrosis, pulmonary fibrosis secondary to 
TB, pulmonary fibrosis secondary to ILD, pulmo-
nary  fibrosis secondary to bronchiectasis) frequently 
require assistance from family members, who can be 
trained by health professionals in their own home 
environment. Basically, home-based programs are a 
good and suitable option for pulmonary rehabilitation 
in everyday life [12]. Furthermore, these programs are 
effective, useful, simple, cost-effective, and practical  
[13, 14].

A standard home-based pulmonary rehabilitation 
program for patients with pulmonary fibrosis (post-
COVID pulmonary fibrosis, pulmonary fibrosis sec-
ondary to TB, pulmonary fibrosis secondary to ILD, 
pulmonary fibrosis secondary to bronchiectasis) has 
not been studied in India. Therefore, this study aimed 
to investigate the effectiveness of home-based pulmo-
nary rehabilitation for pulmonary fibrosis patients. As 
we included patients with post-COVID pulmonary 
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fibrosis, pulmonary fibrosis due to TB, pulmonary fi-
brosis secondary to ILD, and pulmonary fibrosis sec-
ondary to bronchiectasis; our study differs from earlier 
studies in these areas.

Methods

The study was approved by the Institutional Eth-
ics Committee of Kasturba Medical College, Manga-
lore (Protocol number: IEC KMC MLR 01/2022/18) 
and complied with the Declaration of Helsinki (as 
revised in 2013). The trial was registered at www.clini-
caltrials.gov (CTRI/2022/03/041284).

Study Design

A single group pretest-posttest experimental 
study was conducted in the KMC hospitals (OPD), 
Ambedkar Circle and Attavar, Mangalore. It was per-
formed between February 2022 to January 2023.

Participant selection

Study participants were recruited from KMC 
hospitals, Mangalore, those were visiting the outpa-
tient department (OPD) diagnosed with pulmonary 
fibrosis referred by pulmonologists based on standard 
diagnostic criteria [15]. Prior to the start of the 8-week 
home-based pulmonary rehabilitation program, a total 
of 98 pulmonary fibrosis participants were achieved. 
However, 37 of them were eliminated since 32 did not 
match the inclusion criteria, and 5 did not want to take 
part in this study.

Inclusion criteria

a. Pulmonary Fibrosis secondary (20) to intersti-
tial lung disease (ILD).

b. Pulmonary Fibrosis post-COVID.
c. Pulmonary Fibrosis secondary (20) to other lung 

disease like bronchiectasis, tuberculosis, etc.
d. Age: 18-80 years
e. Moderate to severe diagnosed through PFT 

(FEV1<50).
f. Independent ambulation.

Exclusion criteria

a. Cardiac conditions (Moderate to severe) like 
coronary artery disease and congestive heart 
failure.

b. Respiratory conditions like chronic obstruc-
tive pulmonary disease (COPD), asthma, lung 
cancer, severe pulmonary hypertension.

c. Other neuromuscular conditions affecting res-
piratory as well as physical function.

Procedures

Subjects were included based on the inclusion 
criteria. They were screened for points mentioned in 
the exclusion criteria. Eligible subjects were called on 
a subsequent day and explained about this research 
study if the patient voluntarily agreed, then they were 
asked to sign a written informed consent in English 
and their vernacular language. Pre-testing was done 
before starting the home-based pulmonary rehabilita-
tion program and all outcomes were recorded. Pulmo-
nary Function Test (PFT), SF-36 scale, and 6 MWT 
were conducted. Readings were recorded and stored 
for statistical analysis. The intervention was started at 
the home of the candidate, and all the guidelines of 
the American Thoracic Society (ATS) for home-based 
pulmonary rehabilitation were followed [13, 16, 17]. 
We had developed a home-based pulmonary rehabili-
tation protocol based on previous literature and expert 
advice. Patients were provided with a booklet to refer 
at home with a family member supervising. After 8 
weeks later, a post-test was conducted, and readings 
were recorded. Based on the pre-readings and post-
readings, statistical analysis was done.

Intervention

Over the course of the 8-week program, the pa-
tients were instructed about the benefits and impor-
tance of adhering to the pulmonary rehabilitation 
program. The patient and patient’s party who was 
there in the hospital was taught about the benefits of 
the program, and we asked the patient party to su-
pervise the program at their home. Participants and 
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shortness of breath, they were advised to take a rest 
and to keep doing the exercises according to their fa-
tigue tolerance level. The supervision of the program 
was done by phone calls once a week and daily exer-
cise queries. Once in a week, when we had called, we 
spoke to both patients and patient’s party about the 
program, and any distress, progression, and hindrance 
(Figure 1).

the participant’s party were provided with a catalogue 
which had detailed instructions for the exercise pro-
gram. The patients and patient’s party were given a 
notebook or diary in which the patient was marked 
after doing performance, daily, and patient’s party also 
had to signed. The patients were instructed to do all 
the exercises at least six days a week in three sessions 
with ten repetitions each. If the significant fatigue or 

Baseline Determinants 

Age, Gender, Height, Weight 

Pulmonary fibrosis due to underlying 

disease:  

- post-COVID pulmonary fibrosis 

- Pulmonary fibrosis secondary to 

TB 

- Pulmonary fibrosis secondary to 

ILD 

- Pulmonary fibrosis secondary to 

bronchiectasis 

Intervention 

Home-based Pulmonary rehabilitation 

(Supervised exercise training) 

- Warm-up and Stretching  

- Aerobic Exercise 

- Strength training (upper limb and 

lower limb both) 

- Breathing Exercises (Pursed lip 

breathing, diaphragmatic breathing, 

thoracic expansion exercise) 

- Others (Energy saving techniques. 

Controlled coughing techniques, 

dyspnea relieving positions, and 

relaxation training) 

Population 

Pulmonary Fibrosis

Outcomes 

(8 weeks before) follow-up)

Pulmonary function 
functional capacity

Health-related quality of life

                         Direction of influence 

Figure 1. Framework for the effect of home-based pulmonary rehabilitation on pulmonary fibrosis 
( Authors creation of the figure).
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expansion exercise 10 reps, 2-3 sets /day  
for 8weeks, energy-saving techniques, and 
 controlled coughing exercises. Coping strat-
egies to deal with shortness of breath and 
 relaxation training were taught to the patients 
[10, 19].

Termination criteria
 - Dyspnoea more than 3 on ‘modified Borg scale 

(0-10)’.
 - Chest tightness, blurring of vision, profuse 

sweating, giddiness, and any balance problem.
 - Patient decision to stop.

Outcome measures

Before and after the 8 weeks home-based pulmo-
nary rehabilitation program, all patients were assessed 
using the same criteria.

Primary Outcomes

Pulmonary Function Test (PFT)
The forced expiratory volume in 1 second (FEV1) 

ratio of FEV1 to FVC (FEV1/FVC) and carbon 
monoxide diffusing capacity (DLCO) values 
were recorded. It was carried out by an expert 
in accordance with the ATS standards [20].

Instrument used: The instrument used for pulmo-
nary function test was spirometry (EasyOne 
Pro Lab) Portable Pulmonary Function Test-
ing Machine - EasyOne Pro® | ndd Medical 
ID:3100-1.

6-minute walk test
Exercise capacity was measured using the 6 min 

walk test(6 MWT). It was performed once at 
the starting and at the end of the pulmonary re-
habilitation program, according to the guide-
lines of the American Thoracic Society [21].  
Before and after the 6 MWT, the satura-
tion of peripheral oxygen (SPO2) level was 
assessed by using pulse oximeter (Omron 
CMS50N) [10].

Warm-up and stretching
The warm-up was for ~ 5min. It was composed of 

active upper and lower limb exercises. Stretch-
ing was ~ 5min, including the pectoralis major, 
trapezius, quadriceps, hamstrings, and gastroc-
nemius (calf ) muscles. Each stretch posture 
was maintained for the 30s [18].

Aerobic exercises
Aerobic exercises consisted of walking and slow 

jogging. The training intensity was light (≤ 3 on 
modified Borg scale).

Time was at least for 20-30 min. And the exercise 
frequency was 1-2 times per day for 8 weeks 
[18, 10].

Strength training

For upper limb strengthening
Shoulder flexion, extension, abduction, elbow flex-

ion, elbow extension with free weight; 8-10 rep. 
for each movement 2-3 sets, 2 times/day for 8 
weeks [10, 13].

For lower limb strengthening
Seated dynamic quadriceps, hamstrings strength-

ening, hip abductors strengthening with weight 
cuff, heal raises 8-10 reps. for each and 2-3 sets, 2 
times/day for 8 weeks. Sit-to-Sand exercise 3sets, 
10 reps. 2 times/day for 8 weeks [18, 13, 10].

For strength training we checked for 1 RM. Since, 
these subjects are having pulmonary fibrosis, 
we further saw which weight subjects can do 
7-10 repetitions for 1 set twice a day.

Progression
For progression at home, subjects were instructed 

that if given weight will be too easy to do and 
perceived dyspnea was ≤ 3 on the modified 
Borg scale (0-10), then increase the weight by 
adding another ½ kg. These clarifications were 
also done during follow up through telerehabil-
itation. This was done to ensure patient safety.

Others
It consists of teaching breath control (pursed lip 

breathing, diaphragmatic breathing), thoracic 
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Baseline characteristics of participants

Table 1 summarizes the demographic and baseline 
characteristics of the subjects in this study. The data 
analysis was performed on the 45 subjects (25 male, 
20 female) (mean age 62.0±11.0 years) who completed 
the 8 weeks home-based pulmonary rehabilitation 
program. No adverse events were observed during the 
8 weeks rehabilitation program. The causes of pulmo-
nary fibrosis were post-COVID pulmonary fibrosis 
(35.6%), Pulmonary fibrosis secondary to TB (22.2%), 
Pulmonary Fibrosis secondary to ILD (33.3%), Pul-
monary Fibrosis Secondary to bronchiectasis (8.9%). 
In this 8-week home-based pulmonary rehabilitation 
program, the completion rate is 74%, and the dropout 
rate is 26%.

Primary Outcome

6 MWT was performed using the standard test 
protocol (American Thoracic Society ATS guidelines) 
before and after 8 weeks of the intervention [21]. 
Table 2 describes the results of 6 MWT conducted 
pre-intervention and post-8 weeks of intervention. 
After the intervention, significant improvement in 
walking distance in the 6 MWT was found (MD 88.6 
m), (p<0.05).

Table 3 describes the results of the pulmonary 
function test (PFT) conducted pre-intervention and 
post-8 weeks. After the home-based exercise pro-
gram, pulmonary function test results (PFT) were 
significantly improved for FVC (1.29 liters vs. 1.38 lit-
ers, p<0.05), FEV1(1.13 liters vs. 1.18 liters, p<0.05) 
FEV1/FVC (0.84 vs. 0.82, p<0.05) and DLCO (6.32 
ml/min/mmHg vs. 6.7 ml/min/mmHg, p<0.05).

Secondary Outcome

Health-related quality of life (HRQOL) assess-
ment was also done along with other outcome measure 
assessments. The analysis was divided into 9 domains 
of the scale respectively (Table 4). A significant im-
provement was found in physical functioning, role 
limitations due to physical health, role limitations 
due to emotional health, emotional well-being, social 
functioning, pain, general health, and health change 

Secondary Outcomes

Modified Borg scale (0-10)
Dyspnoea severity/rate of perceived exertion 

was measured by using a ‘modified borg scale  
(0-10)’ [22].

SF -36
Health-related quality of life was measured using 

the ‘36 -item Short Form Survey (SF-36) ques-
tionnaire’ [23].

Saturation of peripheral oxygen (SPO2) level
Before and after the 6 MWT, the saturation of pe-

ripheral oxygen (SPO2) level was assessed [10].

Data Analysis

Statistical analysis was done for all the variables 
in the study. Data was checked for normal distribu-
tion. All the variables under this study for pre to post 
changes had achieved normal distribution with a bell-
shaped curve, then paired-t test was used to see the 
changes (pre to post) after 8 weeks of intervention. 
Descriptive statistics were used to analyze the demo-
graphic and baseline characteristics. Variables studied 
as outcomes (pre and post) for 8 weeks are presented 
as mean, standard deviation, confidence interval (C.I.), 
and p. P (<0.05) was considered significant. Data was 
analyzed using the software IBM SPSS version 26.0.1 
(Statistical Package for the Social Sciences).

Results

A total sample size of 98 participants were 
achieved prior to the commencement of 8 weeks 
home-based pulmonary rehabilitation program. Out 
of 98, 37 participants were excluded as 32 were not 
meeting the exclusion criteria, and 5 refused to par-
ticipate in this study. Out of 32, 27 participants were 
excluded due to medical conditions, 3 participants due 
to FEV1>50%, and 2 participants due to age criteria. 
We analyzed 45 subjects because 6 subjects were lost 
to follow up. Figure 2 shows the recruitment process in 
the CONSORT flow diagram [24, 25].
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Assessed for eligibility (n= 98)

Excluded (n= 37)

• Not meeting inclusion criteria (n=32 )

• Denied to participate (n= 5 )

Analysed (n= 45)

Lost to follow up (no response) (n= 6)

Allocated to intervention (n= 61)

• Received allocated intervention (n= 51)

• Did not receive allocated intervention (no 

response after consent) (n=10 )

Allocation

Analysis

Follow up

No randomisation

Enrollment

Figure 2. CONSORT Flowchart for Single-Arm Study. n= number of samples. Modified from [24].

Table 1. Demographic and baseline characteristics of the subjects in this study.

Characteristics n Value

Age (Years) 45 62.0±11.0

Gender (M: F) 45 25:20 (55.6%:44.4%)

Height (cm) 45 157.5±7.0

Weight (Kgs) 45 60.9±8.0

Pulmonary Fibrosis due to underlying disease

1. Post-COVID Pulmonary Fibrosis 16 35.6%

2. Pulmonary Fibrosis secondary to TB 10 22.2%

3. Pulmonary Fibrosis secondary to ILD 15 33.3%

4. Pulmonary Fibrosis Secondary to bronchiectasis 4 8.9%
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Table 2. 6 Minute Walk Test results before and after the home-based pulmonary rehabilitation.

Variable n Mean±S.D MD
S.D of 

difference

C.I. at 95% of the 
difference t

PLower Upper

6MWT Pre- Intervention 45 185.0±45.2
88.66 30.39 -97.80 -79.53 -19.56 0.000*

post-Intervention 45 273.6±66.2

*p<0.05, n, number of samples; SD, standard deviation; MD, mean difference; C.I, confidence interval; t, test statistic; p, level of 
significance.

Table 3. Pulmonary function test results (PFT) results before and after the home-based pulmonary rehabilitation.

Variables Mean±S.D MD
S.D of 

difference

C.I. at 95% of the 
difference t

PLower Upper

FVC(L) Pre- Intervention 1.29±0.36
0.08 0.04 -0.09 -0.06 -12.52 0.000*

post-Intervention 1.38±0.38

FVC (% pred) Pre- Intervention 42.88±4.70
2.71 1.10 -3.04 -2.38 -16.53 0.000*

post-Intervention 45.60±4.63

FEV1 (L) Pre- Intervention 1.13±0.31
0.05 0.14 -0.09 -0.01 -2.56 0.014*

post-Intervention 1.18±0.37

FEV1 (% pred) Pre- Intervention 45.86±4.35
3.11 1.86 -3.67 -2.55 -11.2 0.000*

post-Intervention 48.97±4.58

FEV1/FVC Pre- Intervention 0.84±0.05
0.019 0.016 0.014 0.024 7.98 0.000*

post-Intervention 0.82±0.05

FEV1/FVC (% pred) Pre- Intervention 110.7±7.81
2.86 2.22 2.19 3.53 8.65 0.000*

post-Intervention 107.9±7.03

DLCO

(ml/min/mmHg)
Pre- Intervention 6.32±1.34

0.45 0.59 -0.63 -0.27 -5.13 0.000*
post-Intervention 6.78±1.73

DLCO

(% pred)
Pre- Intervention 25.35±4.86

1.80 2.43 -2.53 -1.06 -4.95 0.000*
post-Intervention 27.15±6.53

*p<0.05, SD, standard deviation, MD, mean difference, C.I., confidence interval, t, test statistic, p, level of significance.

scores (p<0.05), but energy/fatigue domain score was 
not statistically significant. (>0.05). The highest differ-
ence was noted in the domains of role limitations due 
to emotional health (33.94 MD, p<0.05) and general 
health (35.45 MD, p<0.05).

The rate of perceived exertion (RPE) was taken 
using the ‘Modified Borg scale’ (0-10) after 6MWT. 
Table 5 shows the RPE changes taken before and af-
ter 8 weeks of intervention. MD of 1.3 (p<0.05) was 
observed. Table 6 and Table 7 show the distribution 
of subjects based on RPE scores pre-intervention and 
post-intervention.

Peripheral oxygen saturation (SPO2) level was taken 
before and after the 6MWT(Immediately, 3min and  
5min). Table 8 shows the SPO2 level variation before 
and after the 8-week of intervention. A significant im-
provement was found for baseline SPO2 level before 
the 6MWT [MD 2.73, p<0.05] , immediately after the 
6MWT [MD 3.47, p<0.05], 3 min after the 6MWT 
[MD 3.57, p<0.05] and 5 min after the 6MWT [MD 
3.65, p<0.0]. Figure 3 gives a graphical representation of 
SPO2 level results taken at pre- intervention and after 8 
weeks post-intervention.
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Table 4. Quality of life (SF-36) results before and after the home-based pulmonary rehabilitation.

Domains Mean±S.D MD
S.D of 

difference

C.I. at 95% of the 
difference t

PLower Upper

physical functioning % Pre- Intervention 21.33±10.02
28.11 14.78 -32.55 -23.67 -12.757 0.000*

post-Intervention 49.44±16.62

role limitations due to 
physical health %

Pre- Intervention 41.66±19.21
28.88 24.97 -36.39 -21.38 -7.760 0.000*

post-Intervention 70.55±15.34

role limitations due to 
emotional health %

Pre- Intervention 45.39±22.26
33.94 25.81 -41.69 -26.18 -8.821 0.000*

post-Intervention 79.33±17.77

energy/fatigue % Pre- Intervention 50.55±9.54
0.88 11.14 -4.23 2.45 -0.535 0.595

post-Intervention 51.44±6.79

emotional well-being % Pre- Intervention 54.13±9.51
8.35 10.64 -11.55 -5.15 -5.26 0.000*

post-Intervention 62.48±7.64

social functioning % Pre- Intervention 56.28±12.35
27.34 13.38 -31.36 -23.32 -13.702 0.000*

post-Intervention 83.63±7.92

pain % Pre- Intervention 82.50±18.27 13.16 17.88 -18.54 -7.79 -4.93 0.000*

post-Intervention 95.66±7.21

general health % Pre- Intervention 27.55±9.45 35.44 11.47 -38.89 -31.99 -20.72 0.000*

post-Intervention 63.00±7.02

Health change % Pre- Intervention 22.22±10.95 26.11 19.18 -31.87 -20.34 -9.13 0.000*

post-Intervention 48.33±18.76

*p<0.05, SD, standard deviation; MD, mean difference; C.I., confidence interval; t, test statistic; p, level of significance.

Table 5. Rate of Perceived Exertion (RPE) before and after the home-based pulmonary rehabilitation.

Rating of Perceived 
Exertion (RPE)

n Mean±S.D MD
S.D of 

difference
C.I. at 95% of the 

difference t P

Pre-intervention 45 3±0.82
1.30 0.49 1.15-1.44 17.68 0.000*

Post-intervention 45 1.7±0.73

*p<0.05, n, number of samples; SD, standard deviation; MD, mean difference; C.I., confidence interval; t, test statistic; p, level of 
significance.

Table 6. Subjects distribution based on Rating of Perceived 
Exertion (RPE)scores before the home-based pulmonary 
rehabilitation.

Grade n Values (%)

2-3 32 71.1

4-5 13 28.9

Table 7. Subjects distribution based on Rating of Perceived 
Exertion (RPE)scores after the home-based pulmonary 
rehabilitation.

Grade n Values (%)

0-1 18 40

2-3 27 60
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TB, pulmonary fibrosis secondary to ILD, or pul-
monary fibrosis secondary to bronchiectasis were not 
performed.

Primary outcomes for subgroups

Table 9 illustrates the MDs for PFT (Pulmonary 
function test) before and after the 8-week interven-
tion in each kind of pulmonary fibrosis caused by an 
underlying condition. For each kind of pulmonary fi-
brosis, the FVC, FEV1, FEV1/FVC, and DLCO data 
obtained before and eight weeks after the intervention 
are shown graphically in Figure 4-7.

Subgroups: outcomes for pulmonary fibrosis due to 
underlying disease.

MDs for each outcome measures were estimated 
in the subgroups [post-COVID pulmonary fibrosis, 
pulmonary fibrosis secondary to TB, pulmonary fi-
brosis secondary to ILD, and pulmonary fibrosis sec-
ondary to bronchiectasis]; because the improvement 
results for each form of pulmonary fibrosis caused by 
the different pathological condition were not equal. 
However, due to the limited and uneven sample size 
no subgroup analysis (paired t-test) for post-COVID 
pulmonary fibrosis, pulmonary fibrosis secondary to 

Figure 3. SPO2 Level (%) pre- post intervention.

Table 8. SPO2 results before and after the home-based pulmonary rehabilitation.

Variables (SPO2 %) Intervention n Mean±S.D MD
S.D of 

difference
C.I. at 95% of the 

difference t P

Baseline before 
6MWT

Pre-intervention 45 93.20±1.33
2.73 1.07 2.41-3.05 17.06 0.0001*

Post-intervention 45 95.93±0.88

Immediate after 
6MWT

Pre-intervention 45 90.22±1.02
3.47 1.16 3.21-3.82 20.05 0.0001*

Post-intervention 45 93.69±1.01

3 min after 6MWT Pre-intervention 45 91.56±0.78
3.57 1.07 3.25-3.90 22.30 0.0001*

Post-intervention 45 95.13±0.86

5 min after 6MWT Pre-intervention 45 92.62±0.88
3.65 1.15 3.29-3.99 21.24 0.0001*

Post-intervention 45 96.27±0.91

*p<0.05, SD, standard deviation; MD, mean difference; C.I., confidence interval; t, test statistic; p, level of significance.
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Table 9. Pulmonary function test results (PFT).

Variables 
(PFT)

Pulmonary Fibrosis due to underlying disease

Post-COVID PF PF secondary to TB PF secondary to ILD PF Secondary to bronchiectasis

Intervention (n=16)

MD

Intervention (n=10)

MD

Intervention (n=15)

MD

Intervention (n=4)

MD
Pre (n=16) 
Mean±S.D

Post (n=16) 
Mean±S.D

Pre (n=10) 
Mean±S.D

Post (n=10) 
Mean±S.D.

Pre (n=15) 
Mean±S.D

Post (n=15) 
Mean±S.D

Pre (n=4) 
Mean±S.D

Post (n=4) 
Mean±S.D

FVC(L) 1.42±0.27 1.51±0.28 0.09 1.12±0.35 1.20±0.38 0.08 1.44±0.32 1.53±0.34 0.09 1.05±0.39 1.11±0.40 0.06

FVC
(% pred)

42.13±6.04 45.06±6.30 2.93 44.68±2.70 47.31±2.21 2.63 43±3.91 45.75±3.77 2.75 41.1±4.88 43.6±4.47 2.50

FEV1(L) 1.26±0.33 1.34±0.36 0.08 0.95±0.25 1.00±0.27 0.05 1.20±0.17 1.26±0.18 0.06 0.98±0.30 1.00±0.42 0.02

FEV1

(% pred)
44.2±6.86 47.73±7.35 3.53 46±3.16 48.75±3.30 2.75 47.06±1.84 50.31±1.92 3.25 46.4±1.64 48.8±1.75 2.40

FEV1/FVC 0.83±0.05 0.81±0.04 0.02 0.85±0.08 0.83±0.07 0.02 0.83±0.03 0.82±0.02 0.01 0.84±0.05 0.82±0.04 0.02

FEV1/FVC
(% pred)

109.75±1.89 108.25±1.5 1.50 108.56±5.08 105.62±4.39 2.93 111.06±6.79 108.2±6.46 2.86 114.3±12.63 111±11.13 3.3

DLCO

(ml/min/
mmHg)

6.13±2.31 6.78±3.03 0.65 6.42±0.18 6.8±0.25 0.38 6.41±0.51 6.8±0.47 0.39 6.43±0.25 6.77±0.36 0.34

DLCO

(% pred)
24.73±8.19 27.46±11.19 2.73 25.6±1.64 27.1± 1.66 1.50 26.75±3.59 28.25± 4.57 1.50 25.43±1.26 26.62±1.36 1.19

*MD, mean difference for each type of pulmonary fibrosis due to underlying disease; *SD, standard deviation.

Figure 4. FVC(L) pre- post-intervention for each type of pulmonary fibrosis due 
to underlying disease.

Table 10 depicts the MDs for 6MWT distance 
before and after the 8-week intervention in each type 
of pulmonary fibrosis induced by an underlying disease. 
Figure 8 shows a graphical representation of 6MWT 
distance data acquired before and after 8 weeks of 
intervention for each type of pulmonary fibrosis due 
to different pathological condition. After the home-
based exercise program, 6MWT distance results were 

improved for each type of pulmonary fibrosis [post-
COVID  pulmonary fibrosis 193.46 vs 291.27, MD 
97.81 meter; pulmonary fibrosis secondary to TB 174 
vs 258.5, MD 84.5 meter; Pulmonary fibrosis second-
ary to ILD 182.8 vs 270, MD 87.2 meter; pulmonary 
fibrosis secondary to bronchiectasis 187 vs 255, MD 
68 meter].
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Figure 6. FEV1/FVC pre- post-intervention for each type of pulmonary fibrosis 
due to underlying disease.

Figure 7. DLCO pre- post-intervention for each type of pulmonary fibrosis due 
to underlying disease.

Figure 5. FEV1(L) pre- post-intervention for each type of pulmonary fibrosis 
due to underlying disease.
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Table 10. 6MWT.

Variables

Pulmonary Fibrosis due to underlying disease

Post-COVID PF PF secondary to TB PF secondary to ILD
PF Secondary to 

bronchiectasis

Intervention (n=16)

MD

Intervention (n=10)

MD

Intervention (n=15)

MD

Intervention (n=4)

MD
Pre (n=16) 
Mean±S.D

Post (n=16) 
Mean±S.D

Pre (n=10) 
Mean±S.D

Post (n=10) 
Mean±S.D.

Pre (n=15) 
Mean±S.D

Post (n=15) 
Mean±S.D

Pre (n=4) 
Mean±S.D

Post (n=4) 
Mean±S.D

6MWT 193.46±49.18 291.27±67.58 97.81 174±31.60 258.5±37.27 84.5 182.8±51.05 270±80.26 87.2 187±44.07 255±66.08 68

*MD, mean difference for each type of pulmonary fibrosis due to underlying disease; *SD, standard deviation; *PF, pulmonary fibrosis.

Figure 8. 6MWT Distance pre- post-intervention for each type of pulmonary 
fibrosis due to underlying disease.

secondary outcomes for subgroups:

Table 11 shows the MDs in 9 domains for SF-36 
scale before and after the 8-week intervention in each 
type of pulmonary fibrosis caused by an underlying 
condition. The SF-36 scale measures health-related 
quality of life (HRQOL), which illustrates improve-
ment in each of the nine domains pre and post in-
tervention. An improvement was found in physical 
functioning, role limitations due to physical health, 
role limitations due to emotional health, emotional 
well-being, energy/fatigue, social functioning, pain, 
general health, and health change score. The highest 
difference was noted in the post-COVID pulmonary 
fibrosis group for the domains of role limitations due 
to physical health % (MD 45.32 ) and health change 
% (MD 31.25).

The MDs for rate of perceived exertion (RPE) in 
each form of pulmonary fibrosis caused by an underlying 

condition before and after the 8-week intervention are 
shown in Table 12. After the home-based exercise pro-
gramme, RPE values were improved for each type of 
pulmonary fibrosis [post-COVID pulmonary fibrosis 
2.87 vs 1.53, MD 1.34; pulmonary fibrosis secondary to 
TB 2.90 vs 1.60, MD 1.30; Pulmonary fibrosis second-
ary to ILD 3.20 vs 1.93, MD 1.27; pulmonary fibrosis 
secondary to bronchiectasis 3 vs 1.75, MD 1.25].

After the home-based exercise programme, base-
line SPO2 levels before the 6MWT and SPO2 levels 
after the 6MWT were improved for each type of pul-
monary fibrosis. Table 13 shows the MDs for SPO2 
level before and after the 8-week intervention for each 
type of pulmonary fibrosis induced by an underlying 
disease. Baseline SPO2 levels before the 6MWT ver-
sus SPO2 levels after 6MWT for each kind of pul-
monary fibrosis conditions pre and post treatments 
were post-COVID pulmonary fibrosis (MD 3.75 vs 
MD 4); pulmonary fibrosis related to (TB MD 3 vs 
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To the best of our knowledge, this is the first 
interventional study investigating the effects of a 
home-based pulmonary rehabilitation in patients with 
pulmonary fibrosis due to underlying disease (post-
COVID pulmonary fibrosis, pulmonary fibrosis sec-
ondary to TB, pulmonary fibrosis secondary to ILD, 
pulmonary fibrosis secondary to bronchiectasis).

This study has shown an increase in the 6 MWD 
after 8 weeks of the home-based pulmonary rehabili-
tation program. The mean difference obtained in our 
study was 88.66 meters which was above the minimal 
clinically significant differences (MCID) value(30m) 
[26]. Sevgi Ozalevli et al. conducted a prospective 
study on IPF patients by giving home-based pulmo-
nary rehabilitation. The study demonstrated an in-
crease in the 6 MWT distance(MD 45 meters) [10]. 
These findings are in-line with this study. However, it 
should be noted that the study of Sevgi Ozalevli et al.  

MD 3.5); pulmonary fibrosis secondary to ILD (MD 
2.73 vs MD 3.53); and pulmonary fibrosis secondary 
to bronchiectasis (MD 2.31 vs MD 3.25). Figure 9 
depicts a graphical representation of SPO2 level fluc-
tuations prior to and after 8 weeks of intervention for 
each kind of pulmonary fibrosis caused by a distinct 
pathological condition.

Discussion

Our study shows that home-based pulmonary 
rehabilitation effectively improves pulmonary func-
tion, physical functional capacity, and quality of life 
in patients with pulmonary fibrosis. This study also 
indicates that a home-based pulmonary rehabilitation 
program is feasible (with a high adherence rate) and 
safe for pulmonary fibrosis patients.

Table 12. Rate of Perceived Exertion (RPE).

Variables

Pulmonary Fibrosis due to underlying disease

Post-COVID PF PF secondary to TB PF secondary to ILD PF Secondary to bronchiectasis

Intervention (n=16) MD Intervention (n=10) MD Intervention (n=15)

MD

Intervention (n=4) MD

Pre (n=16) 
Mean±S.D

Post (n=16) 
Mean±S.D

Pre (n=10) 
Mean±S.D

Post (n=10) 
Mean±S.D.

Pre (n=15) 
Mean±S.D

Post (n=15) 
Mean±S.D

Pre (n=4) 
Mean±S.D

Post (n=4) 
Mean±S.D

Rate of 
Perceived 
Exertion
(RPE)

2.87±1.02 1.53±0.90 1.34 2.90±0.56 1.60±0.51 1.30 3.20±0.77 1.93±0.59 1.27 3±0.81 1.75±0.95 1.25

*MD, mean difference for each type of pulmonary fibrosis due to underlying disease; *SD, standard deviation; *PF, pulmonary fibrosis.

Figure 9. SPO2 level(%) pre- post-intervention for each type of pulmonary fi-
brosis due to underlying disease.
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muscles [29, 30]. The reason for improvements in the 6 
MWT distance also indicates improvement in aerobic 
capacity over time [31]. On the other hand, the rea-
sons for the improvement in physical functioning may 
be because of improvement in neuromuscular perfor-
mance [32, 33]. The post-COVID pulmonary fibrosis 
group showed more improvement in 6MWT distance 
might due to improvement of cellular bioenergetics in 
the skeletal muscles, neuromuscular performance and 
lung function capacity compared to the other group.

A retrospective study done by Sevgi Ozalevli  
et al. showed that PFT were not changed after the 
home-based exercise program [10]. Seema K. Singh 
et al. also showed no significant improvement in PFT 
in patients with chronic lung impairment from pulmo-
nary tuberculosis [28]. Anyway, this study shows sig-
nificant improvement in PFT for FVC, FEV1, FEV1/
FVC, and DLCO after 8 weeks of intervention. The 
reasons for the improvement may be due to the large 
sample size in this study compared to the Sevgi Oza-
levli et al. and Seema K. Singh et al. study [10, 28]. In 
this study, we included not only IPF patients but also 
post-COVID pulmonary fibrosis, pulmonary fibrosis 
secondary to TB, pulmonary fibrosis secondary to ILD, 
and pulmonary fibrosis secondary to bronchiectasis pa-
tients were included. On the other hand, a RCT study 
conducted by Li Shen et al. showed improvement in 
pulmonary function test results [19]. These findings 
are in-line with this study. Exercise protocol, including 
aerobic and breathing exercises, can slow the decline of 

differed from our study as it had less sample size of 
17  IPF, and the home-based pulmonary rehabilitation 
program was of 12-week duration [10].

Marc Spielmanns et al. performed a prospective 
study in severe post-COVID patients compared with 
other lung diseases with a sample size of 99 for post-
COVID-19 patients and 419 for other lung diseases 
patients by giving comprehensive pulmonary reha-
bilitation which showed significant improvement in 
6MWD [27]. Li Shen et al. also performed a rand-
omized control trial (RCT) on idiopathic pulmonary 
fibrosis patients [19]. At the 12 months after pulmo-
nary rehabilitation, they found a substantial improve-
ment in 6MWD for the exercise group compared to 
the control group. The reduction in 6MWD was sig-
nificantly less in the exercise group than in the control 
group from the baseline. Seema K. Singh et al. showed 
significant improvement in 6MWD (MD 38 meters) 
in patients with chronic lung impairment from pul-
monary tuberculosis [28]. In this study, we found that 
the post-COVID pulmonary fibrosis group showed 
the greatest mean difference (MD 97.81) compared 
to other pulmonary fibrosis groups after 8 weeks of 
intervention.

The improvements in the walking distance could 
be due to the improved cellular bioenergetics that oc-
curred during 8 weeks of exercise-based pulmonary 
rehabilitation [29]. Physical deconditioning caused 
due to the disease pathology could be one of the rea-
sons for impaired cellular bioenergetics in the skeletal 

Table 13. SPO2 level (%).

s

Variables 
(SPO2  
level %)

Pulmonary Fibrosis due to underlying disease

Post-COVID PF PF secondary to TB PF secondary to ILD PF Secondary to bronchiectasis

Intervention (n=16)

MD

Intervention (n=10)

MD

Intervention (n=15)

MD

Intervention (n=4)

MD
Pre (n=16) 
Mean±S.D

Post (n=16) 
Mean±S.D

Pre (n=10) 
Mean±S.D

Post (n=10) 
Mean±S.D.

Pre (n=15) 
Mean±S.D

Post (n=15) 
Mean±S.D

Pre (n=4) 
Mean±S.D

Post (n=4) 
Mean±S.D

Baseline 
before 
6MWT

91.75±0.50 95.50±0.57 3.75 93.10±1.19 96.10±0.87 3 92.67±1.23 95.40±0.63 2.73 94.13±1.02 96.44±0.89 2.31

Immediate 
after 6MWT

89.75±0.50 93.75±0.51 4 90±0.66 93.5±0.70 3.5 89.67±0.97 93.20±0.86 3.53 91±0.89 94.25±1.18 3.25

3 min after 
6MWT

90.75±0.50 95.25±0.95 4.5 91.10±0.31 95±0.66 3.9 91.33±0.61 94.87±0.63 3.54 92.25±0.68 95.44±1.09 3.19

5 min after 
6MWT

92±0.5 96.25±0.98 4.25 92.70±0.67 96.30±0.68 3.6 92.13±0.64 95.93±0.70 3.8 93.19±0.98 96.56±1.15 3.37

*MD, mean difference for each type of pulmonary fibrosis due to underlying disease; *SD, standard deviation; *PF, pulmonary fibrosis.
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of pulmonary functional capacity [40]. On the other 
hand, the increase in the tolerance for dyspnoea may 
have also helped reduce the levels of perceived exer-
tion [30, 40]. Exercise protocol, including lower limb 
strengthening, may have also helped improve RPE 
scores [18, 41].

Holland et al. explained that the functional ca-
pacity is improved through the contribution of periph-
eral muscle adaption [42]. Previous studies in ILD and 
COPD have shown that weakness of peripheral mus-
cles indicates exercise intolerance and exercise capacity 
improvement following pulmonary rehabilitation be-
cause of peripheral muscle  adaptation [43- 45].

According to our study, after 8 weeks of interven-
tion, there was a substantial improvement in both the 
baseline saturation of peripheral oxygen level (SPO2) 
and after the 6MWT SPO2 level (MD 2.73% vs. MD 
3.47%, p<0.05). According to Ozalevli et al., indi-
viduals with idiopathic pulmonary fibrosis had a sub-
stantial (p<0.05) rise in peripheral oxygen saturation 
(SPO2) levels [10].These results are consistent with our 
study. Our study revealed that the SPO2 level of post-
COVID pulmonary fibrosis patients (before 6MWT 
MD 3.75% vs. after 6MWT MD 4%) improved more 
than the other subgroups. This improvement may be 
due to enhanced lung function capacity, which stops 
the lung fibrosis from progressing further.

HRQOL was assessed using the SF-36 question-
naire version 1.0, which covers total 9 domains. The 
score of each domain is depicted as a percentage of 
the overall impairments on a scale of 0-100%, where 
a lower score indicates reduced health status [46, 47]. 
Greater, more significant improvements were observed 
in the domains of Role limitations due to physical 
health (MD 28.88), Role limitations due to emotional 
health (MD 33.94), and general health (MD 35.44). 
Energy/fatigue domains were clinically significant. 
Improvements in domains are depicted in Table 4. 
The post-COVID pulmonary fibrosis group exhibited 
greater improvement in the categories of role limita-
tions due to physical health % (MD 45.32) and health 
change % (MD 31.25), which may be related to im-
provement in exercise capacity and lung function.

Ozalevli et al. showed that physical role, gen-
eral health, and emotional role domains were signifi-
cantly improved [10]. These findings are in-line with 

lung functional capacity [21, 34, 35]. So, the improve-
ment of pulmonary functional capacity may be helpful 
to prevent the further progression of lung fibrosis [36, 
37].This study has shown FVC value was more im-
proved in post-COVID pulmonary fibrosis (MD 0.09 
litres) and pulmonary fibrosis secondary to ILD (MD 
0.09 litres) groups. FEV1 improved better in post-
COVID pulmonary fibrosis (MD 0.08 litres) group. 
Greater improvement was observed for FEV1/FVC 
pulmonary fibrosis secondary to ILD (MD 0.01) in 
comparison to other categories of pulmonary fibrosis. 
For DLCO (MD 0.65 ml/min/mmHg) post-COVID 
pulmonary fibrosis group showed more recovery com-
pared to other groups. post-COVID pulmonary fibro-
sis and pulmonary fibrosis secondary to ILD showed 
more improvement may be because these two groups 
had more samples compared to other subgroups. How-
ever, there were only minor changes observed in all 
four subgroups of pulmonary fibrosis (post-COVID 
pulmonary fibrosis, pulmonary fibrosis secondary to 
ILD, pulmonary fibrosis secondary to TB, and pulmo-
nary fibrosis secondary to bronchiectasis). This could 
be because all subgroups underwent in the same home 
exercise program for eight weeks.

In this study, we found a mean difference of 1.30 
units in RPE scores after 8 weeks of intervention which 
was above the MCID value [38]. Rate of Perceived Ex-
ertion (RPE) scores are more reduced after 8 weeks of 
intervention in post-COVID pulmonary fibrosis group 
(MD 1.34).This might be because these groups were 
showed more improvement in their lung functional 
capacity.

Rogliani et al. conducted an observational study 
on patients recovering from COVID-19 [39]. This 
study showed that the sensation of dyspnoea after 
post-6MWT was clinically and statistically signifi-
cant. (Δ pre-post 6MWT Borg scale: median 1.5, IQR 
0.3-2, range 0-5) [39]. These results were consistent 
with our study. Ozalevli et al. reported that the per-
ceived dyspnea severity during daily activities was sig-
nificantly reduced [10].

The rate of perceived exertion interprets the in-
dividual’s efforts, breathlessness, fatigue, and levels 
of perceived exertion [22]. The overall reduction in 
the levels of perceived exertion may be due to an al-
teration in breathing patterns and an improvement 
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Conclusions

Therefore, a home-based pulmonary rehabilita-
tion program is effective, safe, and feasible and can be 
used to treat pulmonary fibrosis patients secondary to 
ILD, post-COVID pulmonary fibrosis, pulmonary fi-
brosis secondary to TB secondary to bronchiectasis in 
the Indian setup. It may provide beneficial effects in 
improving these patients’ pulmonary function as well 
as aerobic conditioning, physical functional capacity by 
decreasing dyspnea severity and increasing the SPO2 
level, and quality of life.
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Background: Little is known about culture-negative subclinical pulmonary tuberculosis (TB), and its diagnosis 
remains challenging. Therefore, this study aimed to identify the characteristics and the extent of disease associated 
with culture-negative subclinical pulmonary TB.
Methods: This retrospective cohort study was conducted on immunocompetent individuals with subclinical pul-
monary TB at a university hospital in Thailand from January 2014 to December 2019. Subclinical pulmonary 
TB was diagnosed based on the presence of radiographic abnormalities consistent with TB in the absence of TB 
symptoms. All subjects demonstrated significant improvement or resolution of radiographic abnormalities fol-
lowing the completion of treatment. At least two negative sputum cultures were needed to fulfill the definition 
of culture-negative pulmonary TB. Data were analyzed using univariate and multiple logistic regression analyses 
to determine the characteristics of those with culture-negative subclinical pulmonary TB compared to culture-
positive ones.
Results: Out of the 106 individuals identified with subclinical pulmonary TB, 84 met the criteria for inclusion in 
the analysis. The study found lower radiographic extent and increasing age were key attributes of culture-negative 
subclinical pulmonary TB. The odds ratios (95% confidence interval) were 7.18 (1.76 to 29.35) and 1.07 (1.01 
to 1.13), respectively. They tend to have lower rates of bilateral involvement in both chest x-ray (8.5% vs. 32.0%, 
p=0.006) and computed tomography (15.4% vs. 42.9%, p=0.035). However, no other specific radiographic findings 
were identified.
Conclusions: People with culture-negative subclinical pulmonary TB were likely to have less radiographic 
 severity, reflecting early disease. Nevertheless, no radiographic patterns, except for unilaterality, were related to 
culture-negative subclinical pulmonary TB.
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Introduction

Tuberculosis (TB) remains a major public health 
concern worldwide [1]. Early TB detection to inter-
rupt Mycobacterium tuberculosis (Mtb) transmission 
is a cornerstone for TB control [2]. Historically, TB 
was categorized into binary stages, including latent 
infection and active disease. Nevertheless, it has re-
cently been conceptualized as a spectrum of disease 
stages, including latent TB infection, subclinical (i.e., 
asymptomatic) TB disease, and clinical or active (i.e., 
symptomatic) TB disease [3]. A better understanding 
of this emerging trajectory is needed to end the global 
TB epidemic.

Subclinical TB is considered an early-stage dis-
ease prior to the development of active TB [3]. This 
is supported by the evidence that subclinical pulmo-
nary TB tends to be less severe than active pulmonary 
TB, as demonstrated by lower rates of multiple pul-
monary lesions [4,5]. Previous studies showed that the 
prevalence of the subclinical disease among individuals 
with pulmonary TB varied from 18% to 68%, with a 
vast proportion of smear and culture positivity [4-6]. 
Moreover, owing to the lack of noticeable symptoms, 
subclinical pulmonary TB is less likely to be detected 
by symptom-based or passive case-finding [7]. As a 
result, they can by far pose a risk of transmission, es-
pecially through unrecognizable respiratory symptoms 
such as unrelated cough [8]. A recent analysis in Vi-
etnam also demonstrated that people with subclinical 
pulmonary TB are able to spread through household 
contact [9]. Noteworthily, a retrospective study in 
Canada found that approximately three-quarters of 
pulmonary TB patients were identified through active 
case-finding [10].

The TB epidemic is still ongoing in Thailand, 
as classified among the thirty nations with the high-
est TB burden, with an incidence of 155 per 100,000 
population in 2022 [1]. Studies on healthcare work-
ers in university hospitals in Bangkok, Thailand, have 
revealed even more overall TB incidences of 164 to 
200 per 100,000 persons based on data between 2011 
and 2020 [11,12]. Notably, a substantial proportion of 
these cases (up to 44%) were identified as subclinical 
and detected through routine health checks [11,12]. 
Similarly, cross-sectional research conducted at a uni-
versity hospital in Bangkok found that nearly half of 
patients with co-infection of COVID-19 and micro-
biologically confirmed TB did not have symptoms 
consistent with TB [13]. As a result, these findings 
emphasize the intensification of an active case- finding 
strategy by vigilant screening for subclinical TB. This 
also aligns with the Thailand Operational Plan to End 
Tuberculosis (2023-2027) [14] and appears vital in 
efforts to combat TB, especially in high TB burden 
countries.

The diagnosis of culture-negative subclinical pul-
monary TB is particularly slippery. It has been pro-
posed that culture-negative disease is the very early 
disease stage that later progresses to culture-positive 
disease, which may contribute to a higher risk of trans-
mission [8]. Still, the data supporting this statement 
has yet to be explored. Previous studies on culture-
negative pulmonary TB have not solely included those 
asymptomatic and most presented symptoms [15,16]. 
Distinguishing its characteristics would extend the 
understanding of natural history and help enhance 
the detection rate, implicating a more efficient TB 
control strategy. We hypothesized that those with 
culture-negative subclinical pulmonary TB had less 
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extensive disease than those with culture-positive dis-
ease. Therefore, the aim of this study was to determine 
the characteristics and the extent of radiographic ab-
normalities associated with culture-negative subclini-
cal pulmonary TB.

Methods

Study design and population

This retrospective cohort study was conducted 
at a 2,000-bed university hospital in Bangkok, Thai-
land. We reviewed the medical records of all consecu-
tive pulmonary TB-diagnosed patients registered at 
the health checkup clinic between January 2014 and 
December 2019. The health check-up clinic oper-
ates within the Department of Preventive and Social 
Medicine at our institute. It serves as a primary facility 
providing health maintenance services to both outpa-
tients and hospital employees. Additionally, the clinic 
offers other relevant health check services, such as 
pre-employment examinations. As part of its standard 
practice, the clinic routinely conducts screening chest 
x-rays (CXR) during health assessments.

Those with abnormal screening CXR were re-
ferred to two qualified pulmonologists, each with 23 
and 25 years of experience, respectively. All individuals 
with pulmonary TB or suspicion of having pulmonary 
TB were routinely asked to provide three initial cough-
up sputum specimens for microbiological studies. The 
local National Tuberculosis Control Program Guide-
line recommended that at least two sputum specimens, 
including spot and collected morning sputum, should 
be acquired [17]. Further, those with an equivocal di-
agnosis of pulmonary TB underwent chest computed 
tomography (CT) to ensure the diagnosis before or at 
the time of anti-TB treatment initiation. The pulmo-
nologists regularly recorded all presented symptoms 
among all patients.

The study included subjects diagnosed with pul-
monary TB who met all the following: age 18 years 
and over, had no symptoms suggestive of TB, and had a 
significant improvement of radiographic abnormalities 
after anti-TB treatment completion.  Subjects lost to 
follow up were excluded. Two physicians independently 

screened the subjects’ eligibility, ensuring the observed 
abnormalities were TB-related. Disagreements were 
subsequently resolved through a consensus discussion. 
Specifically, the follow up radiological assessments 
were conducted in accordance with the Thai National 
TB Control Program  Guideline [17], which recom-
mends evaluations at 2- and 6-months post-treatment 
initiation. The standard treatment regimen for pul-
monary TB typically comprises an initial two months 
of the intensive phase of isoniazid (INH), rifampicin 
(RIF), pyrazinamide (PZA), and ethambutol (EMB) 
and the subsequent continuation phase of four months 
of INH and RIF.

Definitions

Subclinical pulmonary TB was defined as the 
absence of symptoms suggestive of TB while dem-
onstrating radiographic abnormalities consistent with 
TB. TB-related symptoms include chest symptoms 
such as cough, hemoptysis, dyspnea, and chest pain, as 
well as constitutional symptoms such as fever, weight 
loss, malaise, and night sweats, irrespective of dura-
tion. In terms of radiographic features, CXR findings 
highly suggestive of pulmonary TB include the pres-
ence of air-space nodules/clustered nodules or consol-
idation predominantly in the upper or mid lung zones. 
In addition, cavities with surrounding consolidation 
are commonly observed in those with pulmonary  
TB [18].

A diagnosis of culture-negative pulmonary TB 
requires at least two separate sputum specimens with 
negative results for Mtb cultures. This definition is 
founded on the principle that TB patients may exhibit 
radiographic evidence of the disease without symp-
toms or positive microbiological findings [8]. In con-
trast, culture-positive pulmonary TB was diagnosed 
when the initial sputum specimens yielded a positive 
Mtb culture result.

Following the completion of a full course of anti-
TB treatment, all cases exhibited significant radio-
graphic improvement or the resolution of radiographic 
abnormalities when compared to the initial images. 
This differentiation increased the certainty that the 
observed changes were distinct from any pre-existing 
chest radiographic abnormalities.
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Laboratory processing

A 2-5 ml sputum specimen characterized by its 
mucoid and viscous nature was collected. The specimen 
was delivered within the standardized containers to the 
laboratory as soon as possible after collection. If imme-
diate delivery was not possible, it was refrigerated at a 
temperature of 4 to 8 °C for a maximum duration of 
7 days. Importantly, the TB laboratory at our institute, 
which is responsible for TB diagnostic tests, is certified in 
compliance with ISO15189:2012 and ISO15190:2020 
standards. Internal audits and external quality control 
checks are conducted annually for every test.

Mtb culture was conducted using either solid me-
dia, such as Löwenstein-Jensen (LJ) medium, or liquid 
media, such as MGIT 960 tubes (Becton Dickinson, 
Buenos Aires, Argentina). When using LJ medium, 
200 μl of the decontaminated sample was inoculated, 
and TB growth was monitored weekly. A negative re-
sult was concluded if no growth was observed after 60 
days. Meanwhile, when using MGIT 960 tubes, 500 
μl of the decontaminated sample was inoculated, and 
growth was monitored daily. A negative result was 
determined if no growth was observed after 42 days. 
In cases of suspected TB based on positive culture re-
sults, confirmation was achieved through acid-fast ba-
cilli (AFB) staining and MPT64 antigen testing.

Statistical analysis

Characteristics, extent, and radiographic findings 
were compared between culture-negative and culture-
positive groups. Continuous variables were shown as 
means with standard deviations (SD) or medians with 
interquartile ranges (IQR). Categorical variables were 
shown as counts with percentages. The t-test or Mann-
Whitney U test was used for continuous data, depend-
ing on the data distribution. The Chi-square or Fisher’s 
exact test was used for categorical data, as appropriate. 
Subsequently, variables related to demographics and 
comorbidities, and radiographic extent, with a p<0.15, 
were entered in the multiple logistic regression. Odds 
ratios (ORs) with 95% confidence intervals (95% CIs) 
for having culture-negative subclinical pulmonary TB 
were calculated, compared to culture-positive sub-
clinical pulmonary TB. A two-sided p below 0.05 was 

Data collection

Covariates collected were as follows: demograph-
ics and comorbidities (age, sex, smoking status, diabetes 
mellitus [DM], previous pulmonary TB, being a hospital 
employee); the radiographic extent of pulmonary lesions 
(CXR severity grade, CT severity score); CXR findings 
(patchy opacities, reticulonodular opacities, nodules, cav-
itation, enlarged hilar shadow, and bilateral involvement); 
chest CT findings (consolidation, tree-in-bud pattern, 
ground glass opacities [GGO], nodules, mass, cavitation, 
adenopathy, bronchiectasis, calcified nodules, calcified 
lymph node, upper lobe involvement, bilateral involve-
ment, and multilobar involvement [2 lobes or more]).

Radiologic assessment

This study selected chest images prior and closest 
to the date of initiation of treatment. One radiologist 
and one pulmonologist (with experience of 20 and 25 
years, respectively) reviewed and interpreted all im-
ages. Any discrepancies were settled by mutual consen-
sus. The extent of the disease was quantified by using 
the scoring systems adapted from the previous studies 
[19,20]. Although originally developed for idiopathic 
pulmonary fibrosis, this CT severity scoring method 
was utilized in the present study due to the lack of vali-
dated systems for pulmonary TB on CT images, to our 
knowledge. Additionally, its clinical relevance in as-
sessing pulmonary lesion involvement has been dem-
onstrated through its correlation with histopathology 
sections [20]. The radiologic assessments are followings:

1. CXR severity grading: the lung fields were di-
vided into six zones. Grade 1 for the involve-
ment of one zone without cavitation; grade 2 
for two or three zones, or one zone with cavi-
tation; grade 3 for more than three zones re-
gardless of cavitation.

2. Chest CT severity scores: each lobe was graded 
according to a percentage of the affected area 
with a score of 0 to 5; 0 for no involvement; 1 
for <5% of a lobe; 2 for 5%-25% of a lobe; 3 for 
26%-49% of a lobe; 4 for 50%-75% of a lobe; 
5 for >75% of a lobe. Hence, the total possible 
score ranges from 0 to 25.



Multidisciplinary Respiratory Medicine 2024; volume 19: 955 85

In the univariable analysis, subjects with culture-
negative subclinical pulmonary TB were slightly older 
(35 years vs. 26 years, p=0.047). Moreover, they also had 
a lower degree in the extent shown by a higher propor-
tion of grade 1 CXR severity (89.8% vs. 68.0%, p=0.014). 
After analyzing the multiple logistic regression, sig-
nificant variables associated with culture- negative sub-
clinical pulmonary TB remained an increasing age (OR 
1.07; 95% CI 1.01 to 1.13) and grade 1 CXR severity 
(OR 7.18; 95% CI 1.76 to 29.35) (Table 1).

Most radiographic patterns between the two 
groups did not statistically differ (Table 2), predomi-
nant with patchy opacities and tree-in-bud patterns in 
CXR and chest CT, respectively. However, the culture-
negative group had lower rates of bilateral pulmonary 
involvement in both CXR (8.5% vs. 32.0%, p=0.006) 
and chest CT (15.4% vs. 42.9%, p=0.035). Although 
statistical significance was not achieved, multilobar 
involvement in the chest CT tended to be more com-
monly found in the culture-positive group (23.1% vs. 
50.0%, p=0.060).

Discussion

Consistent with the hypothesis, the present study 
showed that culture-negative subclinical pulmonary 
TB had significantly milder radiographic grading and 

considered statistically significant. All analyses were 
performed using IBM SPSS Statistics (version 18, 
IBM Corp., Armonk, NY, USA).

Results

During the six-year period, 106 individuals with 
subclinical pulmonary TB were identified, all of whom 
were identified through screening CXR during routine 
checkups. Out of these, a total of 84 subjects met the 
criteria for the main analysis (Figure 1). The age ranged 
from 18 to 61 years, with a median of 31 years. The 
proportion of culture positivity was 29.8% (25/84). No 
subjects known to have human immunodeficiency virus 
(HIV) infection or severely immunosuppressed states 
were identified. Regarding the radiographic extent, 
most had a relatively low severity disease; 83.3% had 
grade 1 CXR severity, and CT severity scores ranged 
from 1 to 14 with a median of 2. Patchy opacities were 
the most frequent CXR findings (67.9%), followed by 
reticulonodular opacities (36.9%). A tree-in-bud pat-
tern and nodules were the most common CT patterns, 
contributing 92.5% and 58.5%, respectively. In addi-
tion, a miliary pattern was not detected in any subject. 
Figure 2 and Figure 3 reveal pre- and post-treatment 
chest images of two patients with culture-positive and 
culture-negative subclinical pulmonary TB.

Figure 1. Flow Diagram of the Study.
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culture-positive ones, reflecting less extensive tissue 
damage [15,16]. However, the present study revealed 
a few such lesions exclusively in the culture-negative 
group, though not statistically significant due to their 
rarity. Still, the overall evidence suggests that culture-
negative subclinical pulmonary TB might represent 
an earlier stage of TB disease compared to culture- 
positive cases.

Concerns may arise regarding the adequacy of 
sputa in subclinical TB patients. However, this study 
adhered to standardized collection procedures and 
provided patients with proper instructions, as detailed 
previously. Furthermore, the TB laboratory at our 

less frequent bilateral patterns. However, the study did 
not find other radiographic patterns specific to the 
culture-negative disease.

This study found that grade 1 CXR severity was 
strongly related to culture-negative subclinical pulmo-
nary TB, indicating that they were likely to have less 
extent of the disease than those with culture- positive 
subclinical pulmonary TB. This aligns with the state-
ment that Mtb may be contained within granuloma 
in the early stage, resulting in minimal pathology 
and a lack of symptoms [8]. Interestingly, prior stud-
ies also found that individuals with culture- negative 
pulmonary TB had fewer cavitary lesions than 

Figure 2. A-C) Pre- and post-treatment chest images of a 26-year-old female with culture-positive subclinical pulmonary TB.  
A) Pre-treatment chest radiograph shows reticulonodular opacities at the right apical lung. B) Axial CT image in lung window per-
formed 1 month after A. reveals multiple centrilobular nodules with tree-in-bud pattern in the apical segment of the right upper lobe. 
C) Post-treatment chest radiograph (7 months after A.) shows resolution of the abnormalities of the right apical lung.

Figure 3. A-C) Pre- and post-treatment chest images of a 32-year-old female with culture-negative subclinical pulmonary TB. A) 
Pre-treatment chest radiograph shows patchy nodular opacities at the right middle lung zone. B) Axial CT image in lung window 
performed on the same date as A. reveals solid pulmonary nodules with adjacent centrilobular and tree-in-bud opacities in the su-
perior segment of the right lower lobe as well as bronchial wall thickening and bronchiectasis. C) Post-treatment chest radiograph  
(10 months after A.) shows resolution of the abnormalities with minimal residual fibrosis at the right middle lung zone.
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Table 1. Univariable and multivariable analyses of factors associated with culture-negative subclinical pulmonary tuberculosis.

Total 
(N=84)

Culture-negative 
(N=59)

Culture-positive 
(N=25) P

Multivariable analysis

AOR (95% CI) P

Age (years) 31 (25,38.5) 35 (28,40) 26 (24,30) 0.047† 1.07 (1.01-1.13)¶ 0.022

Male sex 19 (22.6) 16 (27.1) 3 (12.0) 0.162‡ - -

Diabetes 2 (2.4) - 2 (8.0) 0.086‡ - -

Previous pulmonary TB 2 (2.4) 2 (3.4) - 1.000‡ - -

Smoking status

 Never-smokers 76 (90.5) 53 (89.8) 23 (92.0) 1.000‡ - -

 Ever-smokers 8 (9.5) 6 (10.2) 2 (8.0)

Being hospital employee 71 (84.5) 51 (86.4) 20 (28.2) 0.456§ - -

CXR severity grading

 Grade 1 70 (83.3) 53 (89.8) 17 (68.0) 0.014§ 7.18 (1.76-29.35) 0.006

 Grade 2 and 3 14 (16.7) 6 (10.2) 8 (32.0) Reference

No. of CT performed 53 (63.1) 39 (66.1) 14 (56.0) 0.380§ - -

CT severity score 2 (2,3) 2 (2,3) 2 (2,4) 0.186† - -

AOR, adjusted odds ratio; 95% CI, 95% confidence interval. †Data were shown as median (Q1,Q3); P was obtained from the 
Mann-Whitney U test. ‡Data were shown as n (%); P was obtained from the Fisher’s exact test. §Data were shown as n (%); P was 
obtained from the Chi-square test. ¶For an increase by 1 year.

Table 2. Radiologic features of culture-negative subclinical pulmonary tuberculosis.

CXR findings Total (N=84) Culture-negative (N=59) Culture-positive (N=25) P

Patchy opacities 57 (67.9) 41 (69.5) 16 (64.0) 0.622‡

Reticulonodular opacities 31 (36.9) 19 (32.2) 12 (48.0) 0.170‡

Nodules 4 (4.8) 2 (3.4) 2 (8.0) 0.579†

Cavitation 1 (1.2) 1 (1.7) - 1.000†

Enlarged hilar shadow 1 (1.2) 1 (1.7) - 1.000†

Bilateral involvement 13 (15.5) 5 (8.5) 8 (32.0) 0.006‡,*

Chest CT findings Total (N=53) Culture-negative (N=39) Culture-positive (N=14) P

Consolidation 13 (24.5) 9 (23.1) 4 (28.6) 0.725†

Tree-in-bud pattern 49 (92.5) 35 (89.7) 14 (100.0) 0.563†

Ground glass opacities 1 (1.9) - 1 (7.1) 0.269†

Nodules 31 (58.5) 25 (64.1) 6 (42.9) 0.166†

Mass 1 (1.9) 1 (2.6) - 1.000†

Cavitation 2 (3.8) 2 (5.1) - 1.000†

Adenopathy 5 (9.4) 3 (7.7) 2 (14.3) 0.599†

Bronchiectasis 7 (13.2) 5 (12.8) 2 (14.3) 1.000†

Calcified nodules 14 (26.4) 9 (23.1) 5 (35.7) 0.358‡

Calcified lymph node 5 (9.4) 3 (7.9) 2 (14.3) 0.599†

Upper lobe involvement 46 (86.8) 35 (89.7) 11 (78.6) 0.364†

Bilateral involvement 12 (22.6) 6 (15.4) 6 (42.9) 0.035‡,*

Multilobar involvement 16 (30.2) 9 (23.1) 7 (50.0) 0.060‡

†Data were shown as n (%); P was obtained from the Fisher’s exact test. ‡Data were shown as n (%); P was obtained from the Chi-
square test. *Statistically significant.
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calcified lymph nodes, support that spontaneous re-
gression occurs as part of the TB spectrum depicted by 
Drain and colleagues [3]. From a biological aspect, my-
cobacterial burden and immune activities play a role in 
cycling through the emerging TB stages [3].

Importantly, treating TB disease earlier will ac-
celerate TB control at the population level. Establish-
ing a diagnosis of subclinical pulmonary TB without 
microbiological confirmation is a clinical dilemma. Al-
ternative diagnoses must always be considered in such 
cases [23]. A study comparing CXR and CT features 
of subclinical pulmonary TB also underscored that 
undetectable TB-related pulmonary lesions by CXR 
were major [24]. Therefore, we proposed leveraging a 
CT scan could aid the diagnosis in this clinical situa-
tion where available. A low-dose CT (LDCT) scan is 
a useful option as it performs well in detecting pulmo-
nary TB with the advantage of lower radiation com-
pared to conventional CT [25]. According to a study 
in China, the sensitivity and positive predictive value of 
using LDCT alone to diagnose pulmonary TB among 
healthcare workers were 100% and 86.4%, respectively 
[25]. Based on our facility’s pricing, an LDCT scan 
of the chest costs approximately 6,050 Thai Baht or 
165 USD per scan. Of note, the clinical decisions in 
this study, conducted in the context of a high TB bur-
den country, were rooted in the pre-test probability of 
TB, alongside the diagnostic information provided by 
CT findings, which were highly suggestive of TB. This 
approach strengthened the accuracy of the diagnostic 
methods utilized.

To our knowledge, this is one of the first stud-
ies exclusively conducted on subclinical pulmonary TB 
cases comparing culture-negative and culture-positive 
diseases. In addition, the subjects were initially referred 
from the health checkups. As a result, they provided us 
with essential information on the very early stage of 
TB disease.

Several limitations due to the retrospective na-
ture of this study should be considered. First, the study 
was conducted at a single center with a small sample 
size, causing decreased robustness and generalizabil-
ity. Nonetheless, the study presents novel insights into 
the subclinical disease, serving as a notion for subse-
quent research. Second, approximately 40% of the par-
ticipants did not undergo a chest CT scan, resulting 

institute upholds rigorous standards undergoing inter-
nal audits and external quality control checks to ensure 
optimal performance. Correspondingly, the observa-
tion of milder radiographic severity in culture-negative 
disease implies potentially lower bacterial loads, which 
in turn supports the accuracy of the culture results.

Increasing age is the other factor related to culture- 
negative subclinical pulmonary TB in this study. The 
average age of the culture-negative group was higher 
than the culture-positive group. However, this may 
not be clinically important and the explanation for this 
association has been unclear. Most studies that com-
pared culture-negative and culture-positive pulmonary 
TB did not show a remarkable association between age 
and culture positivity [15,16,21]. Hence, the relation-
ship between age and culture positivity needs to be 
clarified, particularly in subclinical disease.

Regarding the radiographic characteristics, the 
study demonstrated that subjects with culture-negative 
subclinical pulmonary TB had lower rates of bilateral 
pulmonary involvement. Again, this displays the pro-
gression of the disease from the culture-negative to 
culture-positive stages and corresponds with our re-
sults on the extent of TB lesions discussed earlier. In 
addition, multilobar involvement in chest CT was less 
frequent in the culture-negative group; however, the 
difference failed to reach statistical significance. Like-
wise, median CT severity scores were similar between 
the two groups. Such findings might be due to a small 
proportion of subjects that received CT scanning. It 
is also worth noting that prior research did not find 
differences in laterality and multilobar involvement 
proportions between culture-negative and culture-
positive cases [21], of which the inclusion of sympto-
matic participants might attenuate the result.

In the present study, other radiologic patterns in 
both imaging modalities, namely CXR and CT, were 
indistinguishable between the two groups. In the same 
way, a study in Thailand found that there were no radio-
graphic manifestations specific to smear-negative TB 
[22]. Meanwhile, a Korean study demonstrated that 
patchy opacities predicted positive mycobacterial cul-
ture (OR 2.14; 95% CI 1.19 to 3.83) [21]. Nevertheless, 
neither restricted the participants to only subclinical 
cases. Noteworthily, findings consistent with previous 
TB, including bronchiectasis, calcified nodules, and 
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6. Kendall EA, Shrestha S, Dowdy DW. The epidemiologi-
cal importance of subclinical tuberculosis. A critical reap-
praisal. Am J Respir Crit Care Med 2021;203(2):168–74. 
doi:10.1164/rccm.202006-2394PP.

7. Frascella B, Richards AS, Sossen B, Emery JC, Odone A, 
Law I, et al. Subclinical tuberculosis disease—A review 
and analysis of prevalence surveys to inform definitions, 
burden, associations, and screening methodology. Clin 
 Infect Dis 2021;73(3):e830–41. doi:10.1093/cid/ciaa1402.

8. Esmail H, Macpherson L, Coussens AK, Houben RMGJ. 
Mind the gap – Managing tuberculosis across the disease 
spectrum. EBioMedicine 2022;78:103928. doi:10.1016 
/j.ebiom.2022.103928.

9. Nguyen HV, Tiemersma E, Nguyen NV, Nguyen HB, 
 Cobelens F. Disease transmission by patients with sub-
clinical tuberculosis. Clin Infect Dis 2023;76(11):2000–6.  
doi: 10.1093/cid/ciad027.

10. Lau A, Lin C, Barrie J, Winter C, Armstrong G,  Egedahl ML,  
et al. The radiographic and mycobacteriologic corre-
lates of subclinical pulmonary TB in Canada. Chest 
2022;162(2):309–20. doi:10.1016/j.chest.2022.01.047.

11. Mingchay P, Paitoonpong L, Kawkitinarong K, Ohata PJ,   
Suwanpimolkul G. Tuberculosis at a university hospi-
tal,  Thailand: A surprising incidence of TB among a new 
 generation of highly exposed health care workers who 
may be asymptomatic. PLoS One 2022;17(8):e0273027.  
doi: 10. 1371/journal.pone.0273027.

12. Pongwittayapanu P, Anothaisintawee T, Malathum K, 
Wongrathanandha C. Incidence of newly diagnosed 
tuberculosis among healthcare workers in a teaching 
 hospital, Thailand. Ann Glob Health 2018;84(3):342–7.  
doi: 10.29024/aogh.2304.

13. Siranart N, Sowalertrat W, Sukonpatip M, Suwanpimolkul G,  
Torvorapanit P. First case series and literature review of 
coronavirus disease 2019 (COVID-19) associated pul-
monary tuberculosis in Southeast Asia: Challenges and 
opportunities. J Infect Public Health 2023;16(1):80–9.  
doi: 10.1016/j.jiph.2022.11.029.

14. Division of Tuberculosis, Department of Disease Control, 
Ministry of Public Health. Thailand Operational Plan To 
End Tuberculosis, Phase 2 (2023 – 2027) [cited 2024 Apr 
7]; 2023. Available from: https://www.tbthailand.org

15. Nguyen MVH, Levy NS, Ahuja SD, Trieu L, Proops 
DC, Achkar JM. Factors associated with sputum culture- 
negative vs culture-positive diagnosis of pulmonary 
tuberculosis. JAMA Netw Open 2019;2(2):e187617. 
doi:10.1001/jamanetworkopen.2018.7617.

16. Chen J, Marusinec R, Brown R, Shiau R, Jaganath D, 
Chitnis AS. Epidemiology of culture-negative pulmo-
nary tuberculosis—Alameda county, 2010-2019. J Pub-
lic Health Manag Pract 2023;29(3):353–60. doi:10.1097 
/PHH.0000000000001715.

17. Division of Tuberculosis. National Tuberculosis Control  
Programme Guideline, Thailand 2021 [cited 2023 Oct 19].  
Bangkok: Division of Tuberculosis; 2021. Available from: 

in insufficient power to detect the difference in CT 
findings accordingly. Even so, this reflects the normal 
practice that not all cases receive or require a CT scan, 
such as people who cannot access such investigation 
and whose CXR findings are typical for pulmonary 
TB. Third, the study design might not have captured 
all potential health and comorbidity variables. How-
ever, the focus on subjects from health checkup clinics 
suggests they were generally immunocompetent and 
healthy. Furthermore, the study accounted for diabe-
tes, a well-established risk factor for TB progression. 
Replication studies are still crucial.

Conclusions

In conclusion, the authors believe that the present 
study adds evidence to the knowledge of the earlier 
stage of TB. To bring about widespread TB elimina-
tion, an active case-finding approach in settings with 
high TB prevalence and advocacy to enhance clini-
cians’ awareness about subclinical, bacteriologically 
negative pulmonary TB are warranted.
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Abstract: Idiopathic pulmonary fibrosis (IPF) represents a fibrotic interstitial lung disease characterized by un-
certain etiology and poor prognosis. Over the years, the path to effective treatments has been marked by a series 
of advances and setbacks. The introduction of approved antifibrotic drugs, pirfenidone and nintedanib, marked 
a pivotal moment in the management of IPF. However, despite these advances, these drugs are not curative, al-
though they can slow the natural progression of the disease. The history of drug therapy for IPF goes together 
with the increased understanding of the pathogenic mechanisms underlying the disease. Based on that, current 
research efforts continue to explore new therapies, possible personalized treatment strategies, drug combinations, 
and potential biomarkers for diagnosis and prognosis. In this review, we outline the route that led to the discover of 
the first effective therapies, ongoing clinical trials, and future directions in the search for more effective treatments.
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Introduction

Idiopathic Pulmonary Fibrosis (IPF) is a fibrotic in-
terstitial lung disease of uncertain origin, exhibiting ra-
diological and histological characteristics consistent with 
usual interstitial pneumonia (UIP)[1]. It is a rare condi-
tion with an estimated global prevalence of about 4 cases 
per 10,000 persons [2], with a poor prognosis considering 
a median survival of 3-5 years since diagnosis [3].

IPF predominantly impacts the elderly population, 
affecting lungs insidiously and revealing itself through ex-
ertional breathlessness and a non-productive cough. As the 
disease advances, individuals may encounter a reduction 
in exercise capacity, eventually culminating in respiratory 
failure. IPF should be considered in adult patients with 
unexplained, persistent exertional breathlessness, cough, 
bibasilar inspiratory crackles, without constitutional or 
other symptoms indicative of a multisystem disorder [1]. 
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The clinical trajectory is further complicated by con-
current conditions such as pulmonary hypertension 
and emphysema, leading to heightened morbidity and 
mortality [3–6]. Accurate and timely diagnosis of IPF 
is crucial for implementing appropriate management 
strategies. High-resolution computed tomography 
(HRCT) scans and lung biopsy remain integral to the 
diagnostic process, and the recent guidelines provide a 
structured approach for their administration [1,7].

Over the years, the management of IPF has un-
dergone significant developments, especially in the 
realm of pharmacological therapy aimed at slowing 
the disease progression and trying to improve patients’ 
quality of life. The history of pharmacological therapy 
in IPF has witnessed significant advancements over 
the years, increasing the focus on understanding the 
underlying pathogenetic mechanisms responsible for 
disease progression, with the goal of developing novel 
targeted therapies. The introduction of the U.S. Food 
and Drug Administration and European Medicines 
Agency-approved antifibrotic drugs pirfenidone and 
nintedanib has marked a turning point in IPF manage-
ment. Pirfenidone, a collagen synthesis inhibitor, has 
undergone thorough clinical investigations, including 
the CAPACITY study, demonstrating its ability to 
slow disease progression and improve patient survival 
[8,9]. Similarly, nintedanib, a multikinase inhibitor, 
has shown efficacy in reducing lung function decline 
in studies such as INPULSIS [10]. These molecules, 
through their antifibrotic action, have provided a solid 
foundation for current therapeutic guidelines[1,7]. 
Despite these advances, pirfenidone and nintedanib 
are not able to reverse or resolve pre-existing fibrosis. 
Thus, patients continue to experience lung function 
deterioration while on treatment, which remains fo-
cused on slowing progression of fibrosis, maintaining 
comfort and, in late stages, on palliative care.

To find a cure for this debilitating and fatal dis-
ease, it is imperative to deepen our understanding of 
the pathogenetic mechanisms underlying IPF, in-
cluding altered cell-cell crosstalk and secretion of 
pathogenic molecules in the fibrotic milieu. Ongoing 
research continues to explore novel therapeutic op-
tions, personalized strategies and therapeutic com-
binations as well as possible biomarkers of diagnosis 
and/or predictors of treatment efficacy [11]. In this 

review, we provide a comprehensive summary of the 
current pharmacological treatments of IPF, clinical tri-
als and future directions.

Pathogenesis and molecular pathways involved in 
lung fibrosis

IPF is characterized by the accumulation of 
 collagen-producing fibroblasts and myofibroblasts, re-
sulting in aberrant production and deposition of extracel-
lular matrix, including collagens and fibronectin, leading 
to a progressive and irreversible fibrogenic process and 
loss of organ function [12]. Although several risk fac-
tors, including cigarette smoke, air pollution, and aging, 
are known to be involved in the development of IPF, the 
causes of IPF remain unknown[13–15]. Currently, the 
most accredited hypothesis is that, in genetically pre-
disposed individuals, recurrent alveolar epithelial cells 
damage may lead to an increased release of cytokines 
and chemokines by alveolar epithelial cells and recruit-
ment of cells responsible for perpetuating damage and 
incessant production of extracellular matrix [16]. This 
mechanism determines an increased secretion of fibro-
genic signaling molecules, such as transforming growth 
factor-β (TGF-β) by activated macrophages that pro-
mote recruitment, proliferation and differentiation of 
fibroblast into myofibroblasts (Figure 1) and alter the 
balance between collagen synthesis and collagen degra-
dation[17,18]. Moreover, TGF-β acts as an inducer for 
other fibrogenic molecules secretion such as connective 
tissue growth factor (CTGF), fibroblast growth factor 
(FGF), insulin-like growth factor (IGF) and platelet-
derived growth factor (PDGF). In addition, telomerase 
gene mutation, short telomeres, aging, and cellular se-
nescence play a role in the pathogenesis of IPF decreas-
ing the population of type II alveolar epithelial cells and 
reducing their role in tissue injury repair[19].

IPF treatment in the past: more shadows than lights

The inflammatory model

From its initial characterization, the treatment 
of IPF has traditionally relied on the assumption that 
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Figure 1. Cell types and cytokines involved in the pathogenesis of IPF. Lung fibrosis is the result of different pathways, assuming a 
possible trigger related by risk factors (as aging, smoking or genetic mutations) and the uncontrolled secretion of cytokines by epithe-
lial alveolar cells, macrophages and endothelial cells responsible for the activation of fibroblasts and their transition to myofibroblasts. 
Legend: TGF-β, transforming growth factor-β; VEGF, vascular endothelial growth factor; PDGF, platelet-derived growth factor; 
FGF: fibroblast growth factor; CTGF: connective tissue growth factor; IL-1β, Interleukyn-1β, LPA, lysophosphatidic acid; IL-6, 
Interleukyn-6. Created with Biorender.com; all rights reserved.

injury leads to inflammation and fibrosis [20]. Conse-
quently, corticosteroids have been the mainstay of IPF 
treatment for several years, even because no pharma-
cological therapy has been proven to alter or reverse 
the inflammatory process of IPF.

Until 1999, treatment options included corticos-
teroids, immunosuppressive/cytotoxic agents (e.g., az-
athioprine, cyclophosphamide), and antifibrotic agents 
(e.g., colchicine or d-penicillamine) either alone or in 
combination [21–27].

In 2000, for the first time an International State-
ment Consensus recommended a combined therapy 
involving corticosteroid and either azathioprine or 

cyclophosphamide. However, it acknowledged the 
high risk of treatment failure due to insufficient data 
from randomized clinical trials (RCTs)[28].

Supporting the inflammatory pathogenesis hy-
pothesis, the IFIGENIA study, a multicenter, rand-
omized, double-blind, placebo-controlled investigation, 
assessed outcomes in individuals receiving either N-
acetylcysteine (NAC) or a placebo plus prednisone and 
azathioprine. The trial revealed a diminished rate of 
decline in Forced Vital Capacity (FVC) and Diffusing 
Capacity of the Lungs for Carbon Monoxide (DLCO) 
among patients treated with NAC, although no im-
provement in one-year survival was observed [29].
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cells and polymorphonuclear leukocytes, and able to 
increase collagen production and reduce synthesis of 
interstitial collagenase [35–38]. Based on these prem-
ises, the BUILD-1 trial sought to prove the efficacy 
of bosentan, a dual endothelin receptor antagonist 
(ERA), on exercise capacity and time to disease pro-
gression in patients with IPF[39]. Treatment with 
bosentan in IPF patients did not show superiority over 
placebo in the primary endpoint of change from base-
line to month 12 in the 6-minute walk test (6MWT) 
distance. However, a trend favoring bosentan was ob-
served in the secondary endpoint related to time to 
IPF worsening or death [39]. This endpoint was re-
evaluated in another clinical trial (BUILD-3) with 
a larger number of patients, where drug tolerability 
was demonstrated, but the primary objective was not 
achieved [40].

Among endothelin receptor antagonists, am-
brisentan, an ETA receptor-selective antagonist, was 
also assessed in a clinical trial to evaluate its efficacy 
in reducing the progression rate of IPF patients. In 
this trial, ARTEMIS-1, ambrisentan was terminated 
early due to a lack of efficacy in treating IPF and an 
increased risk of disease progression and respiratory 
hospitalizations [41].

The MUSIC trial was a phase II randomized con-
trolled trial aimed at examining the effectiveness and 
safety of dual endothelin receptor antagonist, maciten-
tan (10 mg once daily) on forced vital capacity (FVC), 
in individuals with histologically confirmed IPF com-
pared to placebo. Although the promising preliminary 
data, the primary objective of the MUSIC trial was not 
achieved as no notable difference between treatments 
was observed in the primary outcome of changes from 
baseline up to month 12 in FVC [42].

Another therapeutical option explored has been 
sildenafil, a phosphodiesterase-5 inhibitor whose 
mechanism of action stabilizes the second messen-
ger of nitric oxide, cyclic guanosine monophosphate, 
which leads to pulmonary vasodilatation [43]. It was 
evaluated in an RCT, based on the hypothesis that it 
might improve blood flow to well-ventilated regions 
of the lung, improving ventilation/perfusion ratio, in 
patients with advanced idiopathic pulmonary fibrosis. 
The study, including 180 patients, did not show ben-
efits for patients underwent treatment with sildenafil, 

A more definitive response regarding steroids and 
immunomodulating agents came by PANTHER-IPF, 
a multicenter randomized controlled trial to assess 
the efficacy of prednisone, azathioprine, and NAC. 
In the PANTHER-IPF trial, patients with IPF and 
mild-to-moderate lung function impairment, under-
went randomization into three groups: prednisone, 
azathioprine, and NAC (combination therapy); NAC 
alone; or placebo. Combination therapy with pred-
nisone, azathioprine and NAC, compared with pla-
cebo, was associated with increased all-cause mortality, 
all-cause hospitalizations and treatment-related severe 
adverse events. It was observed that elevated mortal-
ity and hospitalization rates manifested early in the 
trial, closely aligning with the period of escalated 
prednisone dosage, tapered over the initial 4-6 months 
to a minimal daily dose[30]. This observation implies 
that the heightened toxicity seemed to be attributed to 
high-dose corticosteroids rather than the azathioprine 
and low-dose prednisone.

Role of interferon gamma as a potential inhibitor 
of profibrotic cytokines

The imbalance between pro-fibrotic and anti- 
fibrotic cytokines in the pathogenesis of IPF prompted 
the exploration of interferon gamma (IFN-γ) in clini-
cal trials. IFN-γ has exhibited the capacity to inhibit 
fibroblast proliferation and reduce the expression of 
TGF-β, PDGF, and various other pro-fibrotic in-
terleukins in both in vitro and in vivo investigations 
[31]. After an encouraging preliminary study lim-
ited by a small number of patients enrolled [32], a 
placebo- controlled trial demonstrated that interferon 
gamma-1b did not affect progression-free survival or 
pulmonary function [33]. However, the larger prospec-
tive INSPIRE study did not demonstrate any survival 
advantage with subcutaneous IFN-γ treatment [34].

A change of target: endothelin system and 
phosphodiesterase-5 inhibitor

Several studies had demonstrated the profibrotic 
role of endothelin-1, molecule secreted by fibroblasts, 
endothelial cells, alveolar macrophages, epithelial 
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placebo arm, the CAPACITY 006 trial showed a dif-
ference in the reduction in FVC% rate of decline up to 
week 48 in the pirfenidone group, with no difference at 
week 72, thus failing the primary endpoint.

Subsequently another randomized, double-blind, 
placebo-controlled Phase III trial was conducted in 
2014 to support the approval of pirfenidone for IPF 
therapy. In ASCEND trial, treatment with pirfeni-
done resulted in a significant between-group differ-
ence in the change from baseline to week 52 in the 
percentage of the predicted FVC versus placebo. Pa-
tients treated with pirfenidone also recorded a signifi-
cant reduction in decline of the 6MWT distance and a 
longer progression-free survival, with gastrointestinal 
and skin-related side effects rarely causing discontinu-
ation [53].

Further analysis of population of CAPACITY 
and ASCEND trials proved that pirfenidone signifi-
cantly reduced the relative risk of all-cause mortality 
at 1 year by 48% and the risk of IPF-related mortality 
at 1 year by 68% [54].

Finally, real-world data has shown overall efficacy 
and tolerability of pirfenidone on reducing FVC de-
cline in patients with IPF [55–57].

Riding the hypothesis of the role of TGF- β in 
lung fibrogenesis, scientific research evaluated the role 
of tyrosine kinase inhibitors as a possible therapeu-
tic option. Protein kinases have been associated with 
the fibrogenic process mediated by growth factors 
like TGF-β [58]. In the management of IPF, tyros-
ine kinase inhibitors (TKIs) have been employed to 
selectively inhibit the function of fibroblasts, pivotal 
effector cells in the progression of IPF. Imatinib me-
sylate is a TKI with activity against the platelet-derived 
growth factor receptors (PDGFR-α and -β), discoidin 
domain receptors (DDR1 and DDR2), c-kit, and c-
Abl [59]. A randomized, placebo-controlled trial eval-
uated safety and clinical effects of imatinib in patients 
with mild to moderate IPF followed for 96 weeks, but 
among all patients, 29% discontinued the study caus-
ing the failure to achieve the primary endpoint. The 
results of this trial showed that imatinib did not affect 
either survival or lung function [60].

On the other hand, the beginning of cellular 
signaling cascades via tyrosine kinases like vascular 
endothelial growth factor (VEGF), FGF and PDGF 

not reaching the primary endpoint settled as increase 
in 6MWT distance [44].

Current approved therapies

With an evolving understanding of the role of fi-
broblasts and TGF-β, the search for a truly effective 
drug for pulmonary fibrosis, going beyond the purely 
inflammatory hypothesis considered up to then, has 
focused on the anti-fibrotic role of the molecules un-
der study. The first antifibrotic molecule studied was 
pirfenidone, tested in murine models of bleomycin- 
induced fibrosis [45] and then its activity had been 
confirmed in human cells [45]. Pirfenidone demon-
strated effective inhibition of fibronectin and the syn-
thesis of α-smooth muscle actin (α-SMA), a critical 
factor in the fibroblast-to-myofibroblast transition, as 
induced by TGF-β in human lung fibroblasts. Fur-
thermore, pirfenidone exhibited suppressive effects on 
fibrotic alterations mediated by TGF-β in human fetal 
lung fibroblasts [46,47]. In 1999, the first open-label 
study evaluating efficacy and safety of pirfenidone for 
IPF patients, showed the capacity to arrest the further 
decline of lung function in most patients with accept-
able tolerability and minimal side effects [48]. Another 
encouraging result derives from a second open-label 
study in patients with advanced IPF with effects on 
stabilization of disease, but survival was not prolonged, 
probably due to the short treatment duration of 1 year 
[49]. Subsequent studies confirmed efficacy of pirfe-
nidone, demonstrating an increased progression-free 
survival time and slowing down vital capacity (VC) 
deterioration [50,51]

Two Phase III international randomized double-
blind placebo trials (CAPACITY 004 and CAPAC-
ITY 006) tried to evaluate change in percent predicted 
forced vital capacity (ppFVC) [52]. The CAPACITY 
004 study included 435 patients treated with high-dose 
pirfenidone (2,403 mg/day), low-dose pirfenidone 
(1,197 mg/day) or placebo, while the CAPACITY 006 
study included 344 patients treated with exclusively 
high-dose pirfenidone or placebo. While the CAPAC-
ITY 004 trial demonstrated a significant difference in 
FVC% and progression-free survival from baseline 
over 72 weeks between high-dose pirfenidone and the 
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tolerability in patient treated with nintedanib and add-
on pirfenidone (titrated to 801 mg three times daily) 
versus nintedanib alone, enrolling patients who com-
pleted 4- to 5-weed run-in with nintedanib 150 twice 
daily who were not required reduction or interrup-
tion of treatment during the run-in period [65]. Main 
results of the trial were that gastrointestinal adverse 
events were reported in 69.8% of patients treated with 
nintedanib with add-on pirfenidone and 52.9% treated 
with nintedanib alone. Exploratory efficacy evaluation 
demonstrated at week 12 changes from baseline in 
FVC of -13,2 ml and -40.9 ml in patients treated with 
nintedanib with add on pirfenidone and nintedanib 
alone. Despite add-on therapy showed a manageable 
safety and tolerability profile in patients with IPF and 
exploratory analysis proved a possible efficacy on FVC 
decline, no further larger controlled studies has been 
performed to confirm the benefit/risk ratio of combi-
nation therapy.

Last findings and the importance of learning from 
what went wrong

The introduction of the aforementioned drugs has 
represented a milestone and a revolution on the history 
of IPF treatment, although it might be considered only 
the tip of the iceberg considering the increasing inter-
est and research efforts made by the scientific commu-
nity since the begin of the third millennium. In fact, 
according to ClinicalTrial.gov [66], the largest database 
of clinical research studies supported by the National 
Institute of Health, only in the last 10 years there have 
been registered more than 100 phase II and phase III 
interventional clinical trials evaluating safety and/or ef-
ficacy of different treatments in IPF patients, including 
brand new molecules or already known ones with a pos-
sible acting role in the pathophysiology of the disease.

Despite these numbers and although several mol-
ecules have shown a promising profile and encourag-
ing results, pirfenidone and nintedanib remain so far, 
the only two drugs with proven efficacy in IPF [67].

Better understanding of the mechanism behind 
the development of fibrosis allowed the proposal of 
drugs with a variety of different targets. The role of the 
Lysophosphatidic acid (LPA) is one of the most re-
cently studied theme in the onset of lung fibrosis[68]. 

has been implicated in pathogenesis of IPF [61]. Nin-
tedanib is an intracellular antagonist that selectively 
targets a spectrum of tyrosine kinases, including the 
receptors for VEGF, FGF, and PDGF [62,63].

Based on these fundamental concepts, it was sug-
gested that nintedanib could have a role in slowing 
FVC decline in patients with IPF. In TOMORROW 
trial, a phase II trial, four oral doses of nintedanib were 
compared to placebo in patients with IPF, demonstrat-
ing that a dose of 150 mg twice daily of nintedanib, 
compared with placebo, was associated with a slower 
loss of lung function (benefit of 68.4%, p = 0.06).  
The same dosage also led to a markedly reduced oc-
currence of acute exacerbations (p = 0.02) and en-
hanced quality of life (as assessed by the St. George’s 
Respiratory questionnaire) compared to the placebo (p 
= 0.007) [64]. Those encouraging data stimulate the 
investigation of phase III trials, in INPULSIS-1 and 
 INPULSIS-2 trial, that were both one year-long ran-
domized, placebo-controlled trials examining the effi-
cacy of 150 mg twice daily, using as primary endpoint 
the annual rate of decline in FVC [10]. In both trials 
nintedanib significantly reduced the rate of FVC de-
cline, with the adjusted annual change in the  nintedanib 
group that was -114.7 mL compared to -239.9 mL in 
the placebo group (p < 0.001) in  INPULSIS-1, and 
-113.6 mL in the nintedanib group versus -207.3 mL 
in the placebo group in INPULSIS-2. The most fre-
quent adverse event in the nintedanib groups was diar-
rhea, with rates of 61.5% and 18.6% in the nintedanib 
and placebo groups in INPULSIS-1, and 63.2% and 
18.3% in the two groups, respectively, in INPULSIS-2.  
Adverse events led to discontinuation in less than 5% 
of patients [10].

Although nintedanib and pirfenidone showed a 
reduced rate of diseases progression in patient with 
IPF, those therapies remain an option for increases 
survival but they are not curative; in fact the disease 
was still progressive and led to death for respiratory 
failure. In 2018, with the availability of two antifi-
brotic drugs recommended for the treatment of IPF, 
an approach based on a combination therapy was 
proposed. The hypothesis was that an add-on therapy 
might provide a synergic effect with more benefit com-
pared to monotherapy with one only antifibrotic drug. 
The INJOURNEY trial aimed to evaluate safety and 
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The discrepancy of these findings with what ob-
tained in the FLORA study may be explained by the 
strong limitations of the phase 2a trial, represented 
by the small sample size and the short duration. The 
ISABELA I and ISABELA II trials enrolled 1,306 
individuals affected by IPF and the design of the stud-
ies has been not considered as a factor leading to these 
findings [73], but they highlighted the importance of 
basing phase 3 trial on high-quality preclinical and 
clinical data, adaptive designs with a Bayesian ap-
proach and using biomarker-based enrichment strate-
gies with prognostic biomarkers [73,74].

The ATX/LPA axis is still object of other stud-
ies, specifically a phase II RCT on the efficacy and 
safety of BMS-986278, an antagonist of LPAR1 [74], 
that has recently completed the recruitment phase 
(NCT04308681). This study was designed for two 
cohorts, an IPF cohort and a progressive fibrosing in-
terstitial lung diseases (PF-ILD) cohort[75]. The IPF 
cohort included three different groups based on daily 
drug dosage (60mg, 30mg and placebo) with 278 pa-
tients randomized and 276 receiving treatment [76]. 
The primary endpoint was rate of change in percent 
predicted FVC from baseline through 26 weeks as as-
sessed based on two prespecified estimands [76]: the 
treatment policy estimand (similar to an Intention-to-
Treat [ITT] analysis) included all observed data re-
gardless of dose reduction and provides an estimate of 
efficacy with dose reduction as part of the treatment 
regimen; and the while-on-treatment estimand in-
cluded all observed data prior to dose reduction and 
provides an estimate of efficacy without dose reduc-
tion as part of the treatment regimen. Treatment with 
60 mg of BMS-986278 led to a 62% relative reduc-
tion in the rate of change in ppFVC versus placebo 
in the while-on-treatment analysis, and a 54% reduc-
tion versus placebo in the treatment policy analysis. 
A prespecified Bayesian analysis was utilized to pro-
vide the probability of a positive treatment difference 
for BMS-986278 compared to placebo: it showed 
a greater than 95% probability that 60 mg of BMS-
986278 was superior compared to placebo in reduc-
ing the rate of decline in ppFVC over 26 weeks in 
both the while-on-treatment and treatment policy 
estimands. Subgroup analyses demonstrated a treat-
ment effect of 60-mg BMS-986278 with or without 

LPA is a phospholipid mediator able to activate a 
growth factor-like response in pulmonary fibroblasts, 
smooth muscle cells and epithelial cells, all expressing 
a specific receptor, LPAR1[69,70]. It has been dem-
onstrated that both in animal model of lung fibrosis 
(Bleomycin induced) and in IPF patients’ tissue and 
bronchoalveolar lavage (BAL), LPA have increased 
concentrations compared to healthy controls [69]. The 
enzyme responsible for production of LPA is Auto-
taxin (ATX), a secreted glycoproteic Lysphospholipase 
D mainly expressed by alveolar epithelial cells, mac-
rophages and weakly in fibroblasts too [71]. As seen 
for LPA, ATX levels in BAL and lung tissue are higher 
in IPF than in healthy controls [68], so it has been 
proposed as potential therapeutical target in IPF with 
the introduction of its selective inhibitor zirtaxestat. 
This molecule showed promising efficacy results in 
the FLORA study, a phase 2a randomized placebo-
controlled trial, despite the fact that it was designed to 
evaluate the safety of zirtaxestat in patients either un-
der standard of care treatment or drug-free [72]. The 
evaluation of zirtaxestat efficacy in IPF patients was 
the aim of the ISABELA I and ISABELA II trials, 
two identically designed phase 3 randomized clinical 
trials, whose results have been recently published[73]. 
Unfortunately, both studies have been interrupted 
early after an interim analysis revealed an increased 
mortality in the patient group receiving a 600 mg daily 
dose and a lack of efficacy in all the treatment groups. 
In fact, ziritaxestat did not improve the annual rate of 
decline for FVC vs placebo: in the ISABELA 1 trial, 
the mean rate of decline for FVC at week 52 was 
–124.6mL (95% CI, –178.0 to –71.2 mL) with 600 mg,  
–173.9 mL (95% CI, –225.7 to –122.2 mL) with 200 mg,  
and –147.3mL (95%CI, –199.8 to –94.7 mL ) with 
placebo. In the ISABELA 2 trial, the mean annual rate 
of FVC decline at week 52 was –173.8 mL (95% CI, 
–209.2 to –138.4 mL) with 600 mg, –174.9 mL (95% CI,  
–209.5 to –140.2 mL) with 200 mg, and –176.6 mL 
(95% CI, –211.4 to –141.8 mL) with placebo [73]. 
Moreover, pooled data showed all-cause mortality was 
8.9% with 600mg and 7.0% with 200mg vs 5.5% with 
placebo (HR 1.8 [95%CI,1.1 to 3.0] for 600mg of ziri-
taxestat vs placebo and HR 1.3 [95%CI, 0.8 to 2.3] for 
200mg ziritaxestat vs placebo). Furthermore, all sec-
ondary outcomes were unmet.
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(75.4 mL vs 151.5 mL; p=0.038). Due to these find-
ings, the phase III trials Zephyrus I and Zephyrus II 
(NCT03955146, NCT04419558) were launched to 
confirm the effectiveness of this drug. In these trials, 
pamrevlumab treatment did not meet the primary end-
point of change from baseline in forced vital capacity 
(FVC) at week 48, with a mean decline in FVC from 
baseline to week 48 of 260 ml in the pamrevlumab 
group compared to 330 ml in the placebo arm (p=0.29). 
And, although safety analysis confirmed pamrevlumab 
was generally safe and well tolerated and the majority of 
treatment emergent adverse events were mild or mod-
erate, the secondary endpoint considering the disease 
progression (FVC percent predicted decline of ≥10% or 
death) was also not met [81].

Another example of a promising molecule whose 
efficacy has been investigated in a phase III RCT, 
which unfortunately was discontinued early, is the 
Recombinant Human Pentraxin-2 (PRM 151). Pen-
traxin 2, also known as purified serum amyloid P, is a 
circulating endogenous regulator of tissue repair, able 
to inhibit the differentiation of monocytes into profi-
brotic macrophages and fibrocytes, also decreasing the 
production of TGF- β[82]. It has been demonstrated 
that serum levels of pentraxin 2 are significantly lower 
in individuals affected by IPF compared with healthy 
controls [83]. A phase II trial in which PRM 151 was 
administered intravenously every 3 weeks, had showed 
promising results, meeting the primary efficacy end 
point consisting in a significant difference between 
the least-squares mean change in percent predicted 
FVC value from baseline to week 28 in the treatment 
group compared with the placebo (−2,5% vs −4,8% 
of the placebo group, difference of -2.3% - 90%CI,  
1.1 to 3.5; P= 0.001), and obtaining a positive re-
sult considering the Least-Squares mean change in 
6-Minutes Walk distance from baseline to week 28 
(−0,5 m in the treatment group vs −31.8 m in the 
placebo arm, with a difference of 31.3 m - 90% CI,  
17.4 to 45.1; P < .001) [84]; due to these data the 
phase III study STARSCAPE (NCT04552899) was 
subsequently started. In spite of these encouraging 
findings, in February 2023 the Sponsor decided to 
interrupt the phase III trial after a futility analysis 
indicating that the study was unlikely to meet the pre-
defined primary objective of the study.

background antifibrotics. The 30 mg dose was not ef-
fective compared to placebo [76]. BMS-986278 was 
well tolerated in both treatment arms with rates of 
adverse events, including rates of gastrointestinal side 
effects, and treatment discontinuation comparable to 
placebo. These findings represented the basis for the 
design and initiation of the ongoing phase 3 clinical 
trial evaluating the effectiveness of BMS-986278 in 
IPF (NCT06003426).

The study of new and specific targets in the path-
ways leading to lung fibrosis has allowed the proposal of 
the use of monoclonal antibodies (MABs) in IPF too, 
considered as potential tailored therapy with a low rate 
of adverse events related to their assumption, as shown 
in other conditions like severe asthma, connective tis-
sue diseases and some forms of cancer [77,78]. Several 
MABs have been evaluated as candidate treatments for 
IPF [77], but the only one that has reached and termi-
nated a phase III RCT is pamrevlumab, a fully human 
recombinant monoclonal antibody against connective 
tissue growth factor (CTGF), a cytokine produced by 
fibroblasts, myofibroblasts, and endothelial cells [79]. 
CTGF is thought to interact with various regula-
tory modulators, such as TGF-β, vascular endothelial 
growth factor (VEGF), and receptors such as integ-
rins modulating cellular responses that are associated 
with aberrant tissue repair and tumorigenesis[80]. The 
PRAISE study, a phase II RCT, showed that 30mg/kg  
of pamrevlumab intravenously administered every  
3 weeks significantly attenuated the decline in lung 
function compared with placebo [80], resulting in a 
mean change in percentage of predicted FVC from 
baseline to week 48 was –2,9% in the pamrevlumab 
group compared with –7,2% in the placebo group 
(between-group difference 4.3% [95% CI 0.4–8.3]; 
p=0.033), which corresponded to a relative reduc-
tion in percentage of predicted FVC decline of 60.3% 
in patients treated with pamrevlumab. An interest-
ing secondary outcome proposed and met in this trial 
concerned the imaging with a quantitative score for the 
lung fibrosis in HRCT (expressed in volume of the clas-
sified voxels of lung fibrosis or interstitial lung disease 
with respect to a segmented whole lung) which resulted 
significantly lower in the pamrevlumab group than in 
the placebo group at week 24 (24.8 mL vs 86.4 mL;  
p=0.009) and this difference was maintained to week 48 



Multidisciplinary Respiratory Medicine 2024; volume 19: 982 99

not completed phase 3, are not assessed based on a 
definitive evaluation of data, but are only considered 
for their potential, based on the current state of shared 
information. Table 1 shows the most recent and cur-
rent phase 3 randomized clinical trials on IPF.

The anti-inflammatory and immunomodulatory 
function of PDE4 is already documented in literature, 
leading to its use in COPD and psoriasis/psoriatic 
arthritis with roflumilast and apremilast, respectively 
[88,89]. A third PDE4 inhibitor, crisaborole, was ap-
proved for topical treatment of mild-to-moderate 
atopic dermatitis [90]. None of these show any pref-
erential enzymatic inhibition among the four PDE4 
subtypes, A–D. Phosphodiesterases (PDEs) mediate 
the hydrolysis of second messengers, cyclic adeno-
sine monophosphate (cAMP) or cyclic guanosine 
monophosphate (cGMP). There are 11 gene super-
families that encode PDEs, comprising various genes 
(coding for subtypes A, B, C, etc.). These genes also 
generate alternative mRNA-splicing variants, result-
ing in around 100 different PDE isoforms [91].

Although there may be some functional redun-
dancy among isoenzymes, most PDE isoforms and 
variants play specific physiological roles in mammalian 
cells. This provides an opportunity to create PDE4 in-
hibitors that target specific subtypes for varied condi-
tions, aiming at optimize effectiveness and tolerance 
characteristics. Over the past ten years, evidence has 
grown indicating that PDE4 might have a significant 
role in fibrosis, supported by animal studies and in 
vitro experiments, examining the impact of PDE4 in-
hibitors on fibroblasts functionality. The effectiveness 
of PDE4 inhibitors in reducing lung fibrosis has been 
observed across diverse experimental setups, notably 
in rodents experiencing bleomycin-induced fibrosis. 
In rat models, demonstrated reduction of Ashcroft fi-
brosis score, hydroxyproline levels, and serum tumour 
necrosis factor-α (TNF-α) [92,93]. Improvement of 
lung fibrosis by PDE4 inhibition was not limited to 
TGF-B1 effects, have been shown to directly influ-
ence various functions of fibroblasts in human-derived 
fibroblast cell lines. Kohyama et al. [94] illustrated 
the direct impact of PDE4 inhibitors on fibroblasts 
in vitro. In human foetal lung fibroblasts (HFL-1), 
both rolipram and cilomilast hindered FN-induced 
chemotaxis and the contraction of collagen gels. The 

The reason for this might not have a univocal ex-
planation: while admittedly it could be true that some 
of the analysed molecules are ineffective in treating 
IPF, the reverse may still be true; we must still improve 
on phase II trials to yield more robust and reliable data, 
which will allow us to design high quality phase III 
studies. As stated by Podolanczuk et al., the crucial 
points for avoiding current issues in future clinical tri-
als are several [85]: phase II trials must be sufficiently 
powered to assess safety and heterogeneity of treat-
ment response considering background antifibrotic 
use, underlining so the importance of an adequate 
sample size, considering then ethnic and sex differ-
ences, with the option to use reliable biomarkers in 
future for a precision-based approach. Another point 
to evaluate is to consider other outcomes: longitudinal 
change of FVC is recognized as the most clinically rel-
evant parameter in IPF, due to its demonstrated corre-
lation to death; but sometimes its measurement might 
be susceptible to missing data or patient difficulties in 
performing spirometry. For this reason, adding other 
outcome such as death for any causes and hospitaliza-
tion for worsening of the respiratory condition could 
be considered in the future, as showed in the Clean-
UP-IPF, a trial demonstrating the inefficacy of the ad-
dition of co-trimoxazole or doxycycline to standard of 
care for the treatment of IPF [86]. This crucial point in 
the future of clinical trials in IPF has been the theme 
of a recent symposium lead by some of the maximum 
experts of the field, including also regulatory repre-
sentatives and patients advocates which evaluating the 
role of functional measurements (FVC, 6MWT), pa-
tient reported outcomes (PROs), imaging markers and 
circulating biomarkers, expressed the need to go be-
yond FVC as the only primary outcome in RCT [87], 
underlining the importance of composite outcome 
and proposing the integration of adequately validated 
PROs as key-endpoints in the future, making a better 
understanding of patients feels and function.

Promising molecules in ongoing clinical trials

There are numerous ongoing clinical trials con-
sidering the different targetable pathways in idiopathic 
pulmonary fibrosis. It is important to note that mol-
ecules and trials mentioned in this review which have 



Multidisciplinary Respiratory Medicine 2024; volume 19: 982100

Table 1. Most recent phase 3 randomized clinical trials on pharmacotherapies for Idiopathic Pulmonary Fibrosis (IPF)

Molecule Mechanism of Action
Route of 
AdministrationPrimary Outcome Status

ClinicalTrial.Gov 
Identifier

Zirtaxestat Selective Autotaxin 
inhibitor

Oral Annual Rate  
of Decline in FVC  
up to Week 52

Terminated: early 
discontinuation 
after interim 
analysis revealed 
the increased 
mortality in 
the patients 
group receiving a 
600 mg daily dose 
and a lack of efficacy 
in all the treatment 
groups

NCT03711162; 
NCT03733444

BMS-873786 LPA receptor 1  
antagonist

Oral Absolute change 
from baseline in forced 
vital capacity (FVC) 
measured in mL [to 
week 52]

Ongoing NCT06003426

Pamrevlumab Humanized monoclonal 
antibody targeting the 
Connective Tissue 
Growth Factor (CTGF)

Intravenous Change From  
Baseline in Forced 
Vital Capacity (FVC) 
at Week 48

Terminated: 
Zephyrus I did 
not meet primary 
endpoint and, 
based on its 
results, Zephyrus 
II has been 
discontinuated

NCT03955146, 
NCT04419558

Recombinant 
Human 
Pentraxin-2 
(rhPTX-2; 
PRM-151)

Inhibition of 
TGF-β1 production 
and differentiation 
of monocytes into 
profibrotic fibrocytes

Intravenous Absolute Change in 
Forced Vital Capacity 
(FVC [mL]) [from 
baseline to week 52]

Terminated: futility 
analysis outcome 
indicated that the 
study was unlikely to 
meet the predefined 
primary objective of 
the study. No new 
safety concerns were 
identified.

NCT04552899

Treprostinil Prostacyclin analogue Inhalatory Change in Absolute  
FVC from Baseline 
to Week 52

Ongoing NCT05255991

BI 1015550 Phosphodiesterase 4B 
(PDE4B) inibitor

Oral Absolute change 
from baseline in Forced 
Vital Capacity (FVC) 
(mL) at Week 52

Complete 
(enrollment 
concluded in  
June 2023)

NCT05321069

N-acetylcysteine

(NAC)

Antioxidant effect  
tested in a selected 
cohort of IPF patients 
with a TOLLIP 
rs3750920 TT genotype

Oral Time to one of the 
following composite 
endpoint criteria: 10% 
relative decline in 
forced vital capacity 
(FVC), first respiratory 
hospitalization, lung 
transplant or death from 
any cause.

Ongoing NCT04300920
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pathways simultaneously. On the other hand, the most 
frequently encountered side effect with PDE4B is di-
arrhea [97]. Unfortunately, nintedanib commonly pre-
sents the same side effect [9], suggesting that in clinical 
practice, combining the two might be compromised by 
this common adverse event. Hence, studies and strate-
gies will be necessary to address this possibility and 
ensure maximum patient adherence to the therapy.

Market-available oral PDE4 inhibitors are linked 
to side effects such as depression, thoughts of suicide, 
and related behaviors [99]. During Phase II there was 
just one report of suicidal ideation that occurred after 
the residual effect period of BI 1015550 [97]. If the 
drug will be approved, higher attention in daily clini-
cal practice will be required, in daily clinical practice, 
to the anxiety/depression and suicidal behavior as-
pect, conditions that in their reactive form are often 
associated with idiopathic pulmonary fibrosis [100]. 
A unique example of a strategy to address anxiety/
depression disorder is the one proposed by G. D. Ed-
wards et al. demonstrating a significant reduction in 
the HADS (Hospital Anxiety and Depression Scale) 
score through respiratory rehabilitation [101].

IPF is associated with significant risk of comor-
bidities that may differently influence the prognosis 
of patients [102]. Pulmonary Hypertension (PH) fre-
quently complicates the course of patients with IPF, 
with a reported wide prevalence range of 10%–86% 
[103]. One study demonstrated that IPF patients 
with PH documented via right heart catheterization 
had a 1-year mortality of 28% versus those without 
PH, whose 1-year mortality was only 5.5% [104]. 
For a long time, it was believed that pulmonary hy-
pertension in idiopathic pulmonary fibrosis (IPF) was 
caused by the narrowing of blood vessels due to low 
oxygen and damage to the lung’s capillary network 
from fibrosis. Although these factors probably play a 
role in the development of pulmonary hypertension 
in IPF, recent evidences show that other mechanisms 
are also involved [105]. Drugs approved for pulmo-
nary arterial hypertension have been investigated in 
several randomized controlled trials in PH-ILD pa-
tients, leading to discouraging results until the recent 
INCREASE study [106–109]. Among individuals 
suffering from pulmonary hypertension caused by in-
terstitial lung disease, the use of inhaled treprostinil 

inhibitory effect of prostaglandin E2 (PGE2) on fi-
broblast function was enhanced in the presence of 
PDE4 inhibitors, and the impact of these inhibitors 
was reduced when endogenous PGE2 was blocked by 
indomethacin.

BI 1015550, an oral inhibitor, exhibits preferen-
tial targeting of PDE4B with around 10 times greater 
selectivity for inhibiting PDE4B compared to other 
PDE4 [95] .

FIBRONEER-IPF is a phase III, double blind, 
randomized, clinical trial conducted across multi-
ple centres worldwide, using a placebo-controlled 
design. It aims to assess the effectiveness and safety 
of BI 1015550 in IPF patients, categorized by their 
utilization of antifibrotic treatments, spanning a pe-
riod of at least 52 weeks (NCT05321069). The pri-
mary endpoint is absolute change from baseline in 
FVC (mL) at week 52. Started in September 2022, 
the trial completed its enrolment in June 2023. The 
intended enrolment targets 963 patients, randomized 
evenly in a 1:1:1 ratio to receive either 9 mg or 18 mg 
of BI 1015550 or a placebo administered twice daily. 
Moreover, the patients have been stratified based on 
their background use of antifibrotic treatments during 
screening [96]. The population of included patients is 
approximately equivalent to those in all the other pre-
viously described trials, with minor variations in the 
FVC and DLCO cut-off values.

Encouraging data came from the phase 2 trial of 
Fibroneer-IPF that shows among patients without 
background antifibrotic use, the median change in the 
FVC was 5.7 mL (95% CI, -39.1 to 50.5) in the BI 
group and -81.7 mL (95% CI, -133.5 to -44.8) in the 
placebo group. Among patients with background an-
tifibrotic use, the median change in the FVC was 2.7 
ml (95% CI, -32.8 to 38.2) in the BI 1015550 group 
and -59.2 ml (95% CI, -111.8 to -17.9) in the pla-
cebo group (median difference, 62.4 ml; 95% CI, 6.3 
to 125.5; probability that BI 1015550 was superior 
to placebo, 0.986)[97] . Preclinical research indicates 
that BI 1015550 exhibits complementary actions to 
nintedanib concerning the transformation of human 
myofibroblasts and, when used together, they have a 
synergistic impact on fibroblast proliferation [95,98]. 
This data leads us to hope for the future possibility 
of using multiple drugs in synergy to target different 
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IPF by avoiding unnecessary restrictions in the inclu-
sion and exclusion criteria, unlike other IPF studies. 
Notably, there is not an upper age limit, individuals 
on the lung transplant list are eligible for participa-
tion, and the forced vital capacity (FVC) requirement 
is set at ≥45% (with no upper limit). Patients may 
also undergo background therapy with pirfenidone or 
nintedanib, provided they have been on a stable and 
optimized dose for a minimum of 30 days before the 
baseline assessment. Like previous trials, the primary 
endpoint is the reduction of FVC over 52 weeks. 
[112] The potential success of the trial could lead to 
the approval of the first “topical” therapy in IPF, con-
sequently offering a treatment with minimal systemic 
side effects.

Several interesting phase 2 studies are about to com-
mence their recruitment, focusing on next- generation 
molecules belonging to the family of monoclonal an-
tibodies, such as vixarelimab (NCT05785624), bind-
ing the beta subunit of the oncostatin M receptor, now 
approved for the treatment of chronic Prurigo Nodu-
laris [113] and axatilimab (NCT06132256) directed 
to colony stimulating factor-1 receptor (CSF-1R), tar-
geting pathways mediated by profibrotic macrophages, 
that was already demonstrated to be a promising novel 
treatment strategy for refractory chronic Graft-Ver-
sus-Host-Disease [114]. At present, it is not possible 
to comment on the data and rationale behind these 
studies as they are still confidential to the sponsoring 
entities. It will be necessary to wait for the conclusion 
of these studies to analyze the initial results of these 
promising new molecules.

The most forward-looking trial stems from a care-
ful observation of the past in IPF therapy. We have 
previously mentioned the PANTHER study, which 
demonstrated the failure of combination therapy in-
volving azathioprine, prednisone, and NAC [30]. 
However, a post hoc analysis revealed a potential bene-
ficial effect of NAC in a subgroup of individuals carry-
ing a specific genetic variant, the TOLLIP rs3750920 
TT genotype, present in about 25% of patients with 
IPF [115]. Those patients had a significant reduc-
tion of hospitalization, death, transplant, <10% FVC 
decline compared with those who received placebo. 
Those with TOLLIP CT genotype (50% of cohort) 
had similar outcomes to those treated with placebo.  

resulted in enhanced exercise capacity compared to the 
initial level, as evaluated through a 6-minute walk test 
[109]. Treprostinil is a stable analogue of prostacyclin, 
which promotes vasodilation of pulmonary and sys-
temic arterial vascular beds and inhibits platelet aggre-
gation [110]. The INCREASE study was a 16-week 
research conducted across multiple centers, employ-
ing randomization, a double-blind methodology, and 
a placebo-controlled approach. It aimed to evaluate 
the safety and effectiveness of inhaled treprostinil in 
326 individuals diagnosed with PH-ILD, which in-
cludes pulmonary hypertension associated with idi-
opathic pulmonary fibrosis (IPF) [109]. Apart from 
achieving the primary goal of assessing the 6-minute 
walk distance (6MWD) and secondary endpoints, post 
hoc analysis of the INCREASE study revealed that 
inhaled treprostinil led to notable enhancements in 
forced vital capacity (FVC) among PH-ILD subjects 
[111]. Furthermore, when focusing on patients with 
IPF, FVC improvements of 84.5 mL (SE 52.7; 95% 
CI –20.4 to 189.5; p=0.11) by week 8 and 168.5 mL 
(SE 64.5; 95% CI 40.1 to 297.0; p=0.011) by week 16 
were observed. There was also a significant reduction 
in acute disease exacerbations among the IPF patient 
group compared to the placebo. The enhancements in 
forced vital capacity (FVC) and the reduction in ex-
acerbations related to the underlying lung condition, 
as observed in the INCREASE study, indicate that 
inhaled treprostinil could represent a viable treatment 
choice for individuals diagnosed with IPF.

Based on these findings, a phase 3 randomized 
clinical trial, TETON, has been launched as the first 
clinical trial investigating an inhaled therapy specifi-
cally designed for IPF. TETON (NCT04708782) will 
be a 52-week, randomized, double-blind placebo-
controlled, phase 3 study with a nebulized solution of 
treprostinil in patients with IPF. All subjects will initi-
ate to inhale treprostinil (6 μg/breath) or placebo at a 
dose of 3 breaths (18 μg) administered four times daily 
(during waking hours) and will titrate to a target dos-
ing regimen of 12 breaths (72 μg) four times daily. Ad-
ministering the treatment directly to the lungs might 
potentially offer added advantages with fewer adverse 
effects when compared to systemic therapy. This trial 
aims to investigate the use of inhaled treprostinil in a 
manner that closely mirrors real-world treatment for 
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tolerability of nebulized AP01 (a novel formulation of 
inhaled pirfenidone) 50 mg once daily or 100 mg two 
twice a day has been proposed to evaluate differences in 
terms of safety of same molecule with different routes 
of administration. The most common treatment- 
related adverse events (frequency, % of patients) were 
all mild or moderate and included cough (14, 15.4%), 
rash (11, 12.1%), nausea (8, 8.8%), throat irritation  
(5, 5.5%), fatigue (4, 4.4%) and taste disorder, dizziness 
and dyspnea (three each, 3.3%). Side effects commonly 
associated with oral pirfenidone in other clinical trials 
were less frequent with AP01 [122] .

Research has not focused only on drugs able to 
target specific pathways involved in the typical pro-
gressive scarring of lungs, but also on some important 
aspects like symptoms and particularly chronic cough 
[123]), that represents an important cause of quality of 
life impairment. In IPF cough does not show a clear 
correlation with pulmonary function, in addition there 
are some evidence showing an heightened cough re-
flex sensitivity in this patients and a decrease in cough 
frequency during sleep suggesting a neurological in-
volvement [127] [128]. Gefapixant, a P2X3 recep-
tor antagonist, has been investigated in patients with 
treatment-resistant and unexplained chronic cough; 
unfortunately, it did not meet the pre-specified pri-
mary objective of reduction in awake cough frequency 
[129] . Mixed opioid agonists/antagonists can reduce 
chronic cough by pharmacologically acting on the 
opioid system potentially at both peripheral and cen-
tral nervous system levels [130]. An interim analysis 
of phase 2 data indicates that NAL ER (Nalbuphine 
Extended Release) is the first therapy with a signifi-
cant reduction in IPF-related hourly daytime chronic 
cough frequency [131]. Based on this evidence a phase 
2b trial will commence recruitment in 2024 to confirm 
and strengthen these findings (NCT05964335).

Another relevant therapeutic issue related to IPF 
is the treatment of acute exacerbations, dramatic events 
marked by a rapid clinical and radiological worsening 
that may lead to death. Unfortunately, there are not 
effective treatments for patients experiencing acute 
exacerbation, with only retrospective series providing 
evidence. Consequently, therapeutic approaches for 
these patients are often anecdotal or based on personal 
experience [132]. The 2011 international guidelines on 

In contrast, the population with the TOLLIP CC 
genotype (25% of the cohort) indicated a trend for un-
favorable outcomes with NAC treatment [115]. The 
TOLLIP gene encodes a ubiquitin-binding protein, 
regulating the innate immune response by inhibiting 
Toll-like receptor (TLR) signaling. TLRs are piv-
otal in the innate immune response against diverse 
 pathogen-associated molecular patterns. Changes in 
TLR expression and signaling have been associated 
with the progression and mortality of IPF [115–117] .

In PRECISIONS-IPF, a phase 3, multi-center, 
randomized, double-blind, placebo-controlled trial the 
patients will be selected, for the first time in IPF Trial, 
by genotyping (NCT04300920). Patient with TOL-
LIP rs3750920 TT genotype, while receiving standard 
of care, will be randomized to NAC (600 mg tablets to 
be taken three times a day) or placebo in a 1:1 ratio and 
will last 24 months. The study is also at the forefront 
for its trial procedures; in fact, patients will be offered 
the opportunity to participate in monitoring through 
home spirometry three times a week in the morning 
using a portable spirometer. In well-trained patients, 
home spirometry has proven to be a reliable tool in 
monitoring the progression of IPF [118]. The eco-
nomic aspect of the potential approval of NAC in this 
population should not be underestimated. A recent 
published systematic review has shown that NAC + 
pirfenidone were the most efficacious, tolerable and 
cost-effective therapy in IPF [119].

The precision medicine approach is still lacking 
in pulmonary fibrosis, patients with IPF have highly 
heterogenous clinical trajectories, and prognosis for 
each individual patient is difficult to predict. These key 
differences among patients suggest that subgroups of 
patients may respond differently to treatments.

Another opportunity for IPF therapy is to op-
timize treatments already approved by exploring al-
ternative administration routes. Pirfenidone stands 
as the first antifibrotic that received worldwide ap-
proval for IPF therapy [120]. Patients undergoing 
oral pirfenidone therapy may commonly experience 
gastrointestinal side effects and skin rashes, lead-
ing both physician and patient to consider switching 
to nintedanib or discontinuing antifibrotic treatment 
[121]. Considering this, a phase 1b trial (AP01-002 
ACTRN12618001838202) comparing the safety and 
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doi:10.1164/RCCM.201807-1255ST.
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Kardatzke D, et al. Pirfenidone in Patients with Idi-
opathic Pulmonary Fibrosis (CAPACITY): Two Ran-
domised Trials. Lancet 2011;377:1760-69. doi:10.1016 
/S0140-6736(11)60405-4.

9. King TE, Bradford WZ, Castro-Bernardini S, Fagan EA,  
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rfenidone in Patients with Idiopathic Pulmonary Fi-
brosis. N Engl J Med 2014;370:2083-92. doi:10.1056 
/NEJMOA1402582.

10. Richeldi L, du Bois RM, Raghu G, Azuma A, Brown KK,  
Costabel U, et al. Efficacy and Safety of Nintedanib 
in Idiopathic Pulmonary Fibrosis. New Engl J Med 
2014;370:2071-82. doi:10.1056/NEJMOA1402584/

11. Mondoni M, Varone F, Alfano F, Muscato G, Conti C,  
Saderi L, et al. Predictors of Stability/Improvement of 
Forced Vital Capacity in Patients With Idiopathic Pul-
monary Fibrosis After One Year of Treatment With Nint-
edanib. Arch Bronconeumol 2023;59:464-66. doi:10.1016 
/j.arbres.2023.02.010.

12. Richeldi L, Collard HR, Jones MG. Idiopathic Pulmonary 
Fibrosis. Lancet 2017;389:1941-52. doi:10.1016/S0140 
-6736(17)30866-8.

13. Wynn TA. Integrating Mechanisms of Pulmonary Fibrosis. 
J Exp Med 2011;208:1339-50. doi:10.1084/JEM.20110551.

14. Wilson MS, Wynn TA. Pulmonary Fibrosis: Pathogenesis, 
Etiology and Regulation. Mucosal Immunol 2009;2:103. 
doi:10.1038/MI.2008.85.

15. Zaman T, Lee JS. Risk Factors for the Development of 
Idiopathic Pulmonary Fibrosis: A Review. Curr Pulmonol 
Rep 2018;7:118-25. doi:10.1007/s13665-018-0210-7.

16. Spagnolo P, Cottin V. Genetics of Idiopathic Pulmo-
nary Fibrosis: From Mechanistic Pathways to Personal-
ised Medicine. J Med Genet 2017;54:93-9. doi:10.1136 
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IPF recommended glucocorticoids for most cases of 
acute exacerbation; however, this was a weak recom-
mendation relying on expert opinion [120]. Results 
from EXAFIP trial clarify that cyclophosphamide 
added to glucocorticoids in AE-IPFs increase 3 
months mortality [133]. In 2021 Tejaswini et al. pro-
posed a triple therapy strategy for autoantibody reduc-
tion in acute exacerbations, combining therapeutic 
plasma exchanges (TPE), two doses of rituximab, and 
four intravenous immunoglobulin (IVIG) infusion. 
This article shows that this association is related to an 
improvement in gas exchange, rapid response to thera-
pies, and cumulative one year survival. The data should 
be assessed with the caveat that the cited study lacked 
a control cohort [134]. For these reasons, a clinical trial 
(STRIVE-IPF) is currently recruiting to test this tri-
ple therapy with the methodological rigor of randomi-
zation placebo/control cohort (NCT03286556).

Conclusion

Pharmacological treatment of IPF remains one 
the most challenging aspect in the field of ILDs and 
the entire respiratory medicine. The efforts made by the 
scientific community in the past led to efficient drugs 
able to slow down the decline typical of the disease, 
but it is not enough considering its still unfortunate 
prognosis. Preclinical studies to better understand the 
mechanisms underlying this condition are still needed. 
Meantime, the proposal of several new molecules and 
the recent new insights in the design of clinical trials 
represent the basics of promising future results.
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Case Report

Effective treatment with oral Salbutamol on late onset respiratory 
impairment in a DOK7 Congenital Myasthenia Syndrome: a case report
Corina Tomsa, Fausta Viccaro, Luigi Panza, Letizia D’Antoni, Paolo Palange
Department of Public Health and Infectious Diseases, Sapienza University of Rome, Pulmonary Division, Policlinico Umberto I Hospital, 
Rome, Italy

Introduction: DOK7 gene deficiency is a neuromuscular disease with an alteration in post-synaptic neuromuscu-
lar junction, leading to progressive respiratory impairment. Although, the therapy is not standardized, adrenergic 
agonists are suggested as first-line treatment. 
Case presentation: Our patient had an ambiguous late childhood-onset and had a generalized muscle weakness 
free of respiratory symptoms during the early phase of the disease. Subsequently, when the respiratory muscle and 
the diaphragm involvement was impaired, a substantial loss of respiratory function with hypopneas and severe 
desaturation was detected. It was noteworthy the striking respiratory beneficial impact of oral salbutamol in the 
resolution of symptoms and functional impairments, leading to a remarkable respiratory improvement and a bet-
ter quality of life. 
Conclusion: Oral salbutamol treatment combined to a timely clinical recognition led to an outstanding respira-
tory improvement

Key words: Congenital Myasthenia Syndrome, ƒdl, myopathy, DOK7, respiratory insufficiency
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Introduction

Congenital myasthenic syndromes (CMSs) are a 
genotypically and phenotypically heterogeneous group 
of neuromuscular disorders, which have in common 
an impaired neuromuscular transmission. Specifically, 
CMS in DOK7 gene deficiency is a neuromuscular 
disease with an alteration in post-synaptic neuromus-
cular junction. The typical disease onset is in the sec-
ond year of life, displaying ptosis, limb-girdle weak-
ness, frequent falls or gait waddling and progressive 
respiratory dysfunction [1]. Actually, the therapy pre-
scribed is oral salbutamol, which has been associated 
to an improvement of DOK7 CMS [2]. We describe a 
tricky case of CMS with an adulthood-onset respira-
tory impairment, which is a rare condition, completely 
solved by oral salbutamol administration.

Case presentation

In 2018, a 22-year-old man referred to our pul-
monary clinic for evaluation of recent onset of dyspnea 
on exertion, night loud snoring, sudden arousal during 
sleep, morning headache, daytime sleepiness. He re-
ported, also, a late childhood-onset (around seven years 
old) of remarkable history of fatigue, muscle contrac-
tures, fasciculations, general weakness and difficulty in 
climbing stairs with a diagnosis of unspecific dystrophy, 
never investigated. The symptoms were not fluctuat-
ing. He never had the ability to run. During the visit 
the general examination showed bilateral ptosis with-
out ophthalmoplegia or dysmorphic characteristics, 
nasal speech, dysphonia, upper and lower limb-girdle 
muscular weakness, diffuse hypotonia and hypotro-
phy. Body Mass Index (BMI) was normal 21,0 kg/m². 
On the other hand, Epworth sleepiness scale (ESS): 
11/24 and STOP-Bang Questionnaire: 4/8 underlined 
a high risk for sleep apnoea. Blood tests were normal 
except for Creatine phosphokinasi (CPK) 474 U/L, 
Mioglobine 80.440 μg/L. The pulmonary function tests 
(PFTs) measured Total Lung Capacity (TLC) 84%, 
Forced Vital Capacity (FVC) 73% and no significant 
volume reduction in lying 30° position was recorded. 
Diffusing Capacity of Carbon Monoxide (DLCO) 86% 
and the Krogh factor 121% were normal. On the con-

trary, the maximal inspiratory (MIP) and expiratory 
pressure (MEP) were remarkable lower, respectively 
60 cmH2O e 53 cmH2O. The blood gas analysis, per-
formed in room air, highlighted a compensated meta-
bolic alkalosis with normoxaemia. Overnight home 
respiratory polygraphy showed a hypoventilation pat-
tern with severe desaturation. The cardiopulmonary 
exercise test assessed a reduced exercise tolerance with 
muscle exhaustion at workloads reduced than predict-
ed, although normal ventilatory efficiency and lactate 
threshold within age limits. Finally, the diaphragmatic 
ultrasound, performed with a convex probe in lying 30° 
position, assessed a reduced excursion (2 cm). After the 
clinical evaluation he was labeled as myopathy, non-
invasive ventilation (NIV) was prescribed and settled, 
in order to improve his nocturnal respiratory pattern 
and a neurological consultation was required. In the 
meantime, muscle biopsy revealed nonspecific myo-
pathic changes and the neurologist started a pharmaco-
logical therapy with Pyridostigmine 30 mg three times 
daily. By this time, oral Pyridostigmine was adminis-
tered for six months and, during our second evaluation, 
was reported worsening of all systemic and respiratory 
symptoms. The patients presented frequent falls, gait 
difficulties, impossibility in daily activities and a critical 
respiratory deterioration.  Meanwhile, the genetic se-
quencing revealed a Congenital Myasthenia Syndrome 
(CMS) with DOK7 (downstream of tyrosine kinase 
7) gene mutation. With this scenario, the multidisci-
plinary team (pulmonologist, neurologist and pharma-
cologist) decided to stop Pyridostigmine, in line with 
literature, and start a therapy with oral salbutamol 4 mg 
three times daily as add-on therapy with NIV. Oral sal-
butamol administered for at least one-month improved 
all symptoms. At six months of administration get 
better muscle weakness, daytime sleepiness, snoring, 
headache and dyspnea on exertion without remarkable 
adverse effects. The blood gas analysis showed a nor-
mal acid-basic balance with normoxaemia. Moreover, 
respiratory muscle strength tests were normalized, re-
spectively MIP 90 cmH2O and MEP 91 cmH2O. No 
more nocturnal hypoventilation pattern was seen at 
overnight respiratory polygraphy and, finally, the car-
diopulmonary exercise test showed normal oxygen cost 
of work (ΔV’O2/Δpower: 11.06 ml/min/W), with lin-
ear growth pattern.
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Discussion

Congenital Myasthenia Syndromes (CMSs) [1, 3, 
4, 9, 11] includes a group of rare neuromuscular inherited 
disorders, genotypically and phenotypically heterogene-
ous, resulting in altered encoding for presynaptic, synap-
tic, and postsynaptic proteins with impaired neuromus-
cular junction signal transmission. Due to genetic het-
erogeneity alterations, the therapy is not standardized, 
but includes cholinergic agonists (pyridostigmine and 
3,4-diaminopyridine), adrenergic agonists (salbutamol/
albuterol and ephedrine) and long-lived open-channel 
blockers of acetylcholine receptor ion channel (fluoxe-
tine and quinidine). A genetic diagnosis is highly recom-
mended before starting a pharmacologic treatment, be-
cause a medication could be beneficial in one syndrome 
and detrimental in another genetic mutation. In fact, if 
anticholinesterase therapy is effective in most syndromes, 
it is contraindicated in endplate (EP) acetylcholinesterase 
(AChE) deficiency, the slow-channel syndrome, DOK7 
myasthenia, and β2-laminin deficiency, that respond 
favorably to salbutamol, a selective β2-adrenergic ago-
nist [2,9].  Although, the precise mechanism of action 
of β2-adrenergic agonists at the neuromuscular junction 
(NMJ) is not fully understood, their effect on the post-
synaptic stabilisation of the membrane of the NMJ was 
demonstrated on mice models with DOK7 CMS, show-

ing an improved both neurotransmission and structural 
integrity of the NMJ and therefore an increased number 
of active NMJs after administration of salbutamol [9,10]. 
An increase in the number of detectable NMJs follow-
ing treatment suggests there is enhanced stability of the 
synaptic structure [9, 10].

Specifically, our patient was diagnosed with CMS 
DOK7 gene mutation [5,6], which is involved in normal 
development and maintenance of the neuromuscular 
junction [1,7] and clinically deteriorate with cholinest-
erase inhibitors (Figure 1). In particular, our patient had 
an ambiguous late childhood-onset and had a general-
ized muscle weakness free of respiratory symptoms dur-
ing the early phase of the disease. Subsequently, when 
the respiratory muscle and the diaphragm involvement 
was impaired, a substantial loss of respiratory function 
was detected. The respiratory muscle strength dysfunc-
tion was accompanied by significant hypopneas with se-
vere desaturation, revealed during sleep study. Treatment 
of this patient was started, firstly, with a Pyridostigmine, 
with no improvement and even a worsening trend. Af-
ter the genetic diagnosis was made, it was switched to 
oral salbutamol [8], resulting in a striking clinical and 
functional improvement. The combination therapy NIV 
and oral salbutamol achieved an early success since the 
first month of administration.  In particularly, the res-
piratory muscle strength tests, MIP and MEP, which 

Figure 1. A systematic clinical approach and treatment strategies in different types of congenital myasthenia syndromes.
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allow a simple assessment of global respiratory muscle 
strength, were significantly improved demonstrating 
the promptly therapeutic efficacy of salbutamol. Fur-
thermore, although the spirometric values were within 
normal range at baseline, we noticed a significant boost 
in the respiratory function testing.

At six months of follow up, pulmonary function 
tests (PFTs), respiratory muscle strength tests and 
sleep study assessed the respiratory improvement, as 
shown in Figure 2. After that, also the cardiopulmo-
nary study confirmed the remarkable respiratory ben-
eficial impact of oral salbutamol in the resolution of 
symptoms and functional impairments. 

Conclusion

In conclusion:
- genetic diagnosis is highly recommended before 

starting a pharmacologic treatment, because a medi-
cation could be beneficial in one syndrome and det-
rimental in another;

- oral salbutamol treatment combined to a timely 
clinical recognition led to an outstanding respiratory 
improvement and a better quality of life.

Acknowledgements: The authors would like to thank the pa-
tient for giving his consent and making his own data useful for 
the literature.
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“Penso che si debba prendere il proprio lavoro molto seriamente,
senza prendere seriamente se stessi. Questa è la combinazione migliore”.

Judi Dench, attrice inglese.
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Come risulta da uno studio del John Hopkins 
Hospital negli Stati Uniti, i giovani medici dedicano a 
ciascun ammalato, ogni giorno, otto minuti soltanto e 
passano la maggior parte del tempo a compilare cartelle 
cliniche elettroniche, ordinare esami di laboratorio e ra-
diologici, nonché a svolgere tutta una serie di altre attività 
che li tengono di fatto lontani dagli ammalati. Inoltre, 
stanno nella stanza di chi è ricoverato appena il 10% del 
loro tempo di lavoro. Davvero poco anche per gli amma-
lati che vedono il medico per pochissimi minuti al giorno 
e passano il resto della giornata a pensare a quando lo 
vedranno ancora. Pertanto, i medici se stanno vicino agli 
ammalati per così poco tempo, alla fine non avranno mai 
l’esperienza che serve per saper ascoltare i pazienti e di-
scutere dei loro problemi; cose queste che aiutano mol-
tissimo ad arrivare alla diagnosi giusta e a trovare la cura.

Ogni medico esperto sa che più tempo si passa con 
gli ammalati, più li si ascolta, più si parla con loro e meno 
si sbaglia. A riprova di ciò, ricordiamo che uno pneumo-
logo (ma con una visione olistica della medicina), solo 
dopo un’attenta visita, diagnosticò ad una “asmatica” che 
lamentava forte dispnea, oltre l’evidente sindrome ane-
mica grave, una marcata massa ipogastrica che si rivelò 
all’intervento chirurgico una neoplasia dell’utero.

 I giovani medici oggi sono certamente molto più 
preparati di quanto non fosse chi si è laureato decine di 
anni fa. Qualcuno di loro ha addirittura tutta la medicina 
nell’iPhone e là dentro ci sono più informazioni di quante 
ce ne possano stare nel cervello di mille bravi dottori. Non 
c’è più bisogno di passare ore in biblioteca per documen-
tarsi, e uno potrebbe pensare che adesso c’è più tempo 

per gli ammalati. Non è così. Anche nei nostri ospedali i 
giovani medici passano con ciascun ammalato al massimo 
otto minuti al giorno (talvolta addirittura meno); per il 
resto del tempo stanno seduti davanti al computer.

Altro paradosso. Mentre un tempo tutto quello che 
ruotava intorno al malato - dalla cartella clinica alle pre-
scrizioni di esami e di farmaci - si faceva sulla carta, oggi 
i medici devono fare i conti con l’informatica senza però 
che ci sia, con poche eccezioni, un’organizzazione che 
consenta di farlo in modo efficace e in tempi ragionevoli. 
Il fatto è che i nostri malati vorrebbero chiederci tante 
cose, ma non c’è tempo e c’è l’emozione (un po’ come 
per il sarto dei Promessi sposi che, troppo emozionato a 
vedersi davanti il cardinale Borromeo in persona, alla 
fine riesce a dire solo “si figuri”). Qualcosa però l’abbiamo 
guadagnato, ad esempio il “patient empowerment” (la re-
sponsabilizzazione del malato): i pazienti si informano, 
scelgono, possono conoscere le proprie malattie, questo 
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romantica, è semplicemente fare una “buona medicina” 
che allontanerebbe gli scandali, le tentazioni e le spe-
culazioni di alcuni medici che spesso compaiono nelle 
cronache e nei tribunali del nostro Paese.

Giusto e saggio è anche scegliere un medico bravo 
anche se antipatico, rispetto a uno meno bravo ma 
simpatico, o, meglio, empatico, cioè capace di capire il 
malato e di stabilire un rapporto con lui. Eppure non 
di rado accade il contrario. Molti preferiscono affidarsi 
a un curante che si prenda, appunto, cura di loro an-
che con le parole, i gesti, la disponibilità ad ascoltare, 
pur sapendo che altrove, magari a poca distanza, c’è 
un professionista indicato da tutti come più aggiornato 
o più esperto, ma brusco nei modi, freddo, distaccato. 
Non può e non deve sorprendere. Ognuno di noi che 
si occupa di medicina pratica e specialistica sa benis-
simo che spesso è bastato arrivare in casa per una visita 
domiciliare e constatare che il malato (ma soprattutto 
i familiari, ndr) era già molto meno agitato per la sola 
presenza rassicurante del medico. Nostalgia della me-
dicina paternalistica? No. Scivolosa concessione all’ir-
razionalità? Neppure, visto che uno studio italiano su 
21mila diabetici ha rivelato che quelli che avevano un 
medico empatico hanno seguito meglio le terapie e 
sono stati ricoverati ben tre volte meno in ospedale per 
complicanze legate alla loro malattia. Il motivo è che 
questi malati, secondo lo studio, hanno aderito meglio 
alle prescrizioni perché sono state spiegate loro con 
chiarezza e pazienza e da qualcuno che aveva ottenuto 
la loro fiducia. E l’empatia dei medici non è stata va-
lutata con approssimazione, ma attraverso un questio-
nario specifico e “validato” sottoposto ai loro assistiti. 
Preparazione, esperienza ed aggiornamento devono ri-
manere - questo deve essere ben chiaro - le prime qua-
lità da ricercare in professionisti nelle mani dei quali 
si mette la propria salute; tuttavia, in un periodo in 
cui la medicina viene sempre più percepita dagli stessi 
medici come fin troppo informata da algidi algoritmi, 
tecnologia e obblighi amministrativi, l’importanza di 
stabilire una sintonia emotiva con i pazienti forse do-
vrebbe essere riscoperta e valorizzata, anche per riven-
dicare alla professione medica la sua titolarità di “arte”. 
Un collega mi confidò che una signora, entrando nel 
suo studio, gli intimò: “Lei va bene per il fegato?” “Non 
l’ho dimenticato” fu la garbata risposta. “Sono ancora un 
medico”. 

realizza una corresponsabilità positiva che permette al 
malato di partecipare alle scelte che lo riguardano. Un 
altro esempio sono i programmi per i pazienti cronici, 
spesso gestiti in team con la partecipazione di infer-
mieri oltre che medici, che spostano la relazione dal 
singolo professionista all’équipe di riferimento, diven-
tando così un fondamentale presidio di assistenza. La 
cultura, dall’arte alla letteratura, al cinema, può essere 
lo strumento attraverso il quale rimodulare un nuovo 
rapporto tra cittadini, medici e salute e ridare forza a 
quell’alleanza terapeutica da sempre alla base di qual-
siasi cura, restituendo la dimensione umana a una vec-
chia arte diventata quasi scienza.

Un editoriale di qualche anno fa sul British Me-
dical Journal si chiedeva se la forza dell’effetto placebo 
e di una buona relazione medico-paziente non fossero 
di per sé un trattamento tanto efficace che negarlo sa-
rebbe non etico, così come lo sarebbe negare un anti-
biotico a un paziente con la polmonite. La medicina in 
questi ultimi decenni è sembrata prendere una strada 
fatta di tecnica e razionalità, ma la mancanza di tempo 
e di contatto umano ha fatto perdere la consapevolezza 
della forza della relazione medico-paziente. D’altra 
parte gli ospedali non prevedono relazioni, spesso gli 
studi dei medici sono costruiti lontano, anche a due 
piani di distanza dai reparti di degenza: la cura è or-
mai concentrata in un asettico tecnicismo. Il tempo per 
parlare con i pazienti, ascoltarli, capirli e assisterli non 
è previsto né dalla medicina basata sull’evidenza né dai 
moderni amministratori della sanità. Ma fare diagnosi, 
curare e assistere sono qualcosa di diverso. La più uma-
nistica delle scienze ha perso per strada il patrimonio 
culturale dal quale nasceva, per restare schiacciata tra 
aziendalismi esasperati e tecnologie ultramoderne. 

La professione medica è un arte dove tecnica e 
umanità devono coesistere, dove il rapporto medico-
paziente rappresenta la relazione dinamica tra due 
persone in cui l’esperto soccorre chi sta male e chi 
sta male dà il suo consenso alle scelte curative, cui si 
sottopone con spirito collaborante. Dal momento che 
tutte le terapie poggiano su due pilastri, la competenza 
scientifica professionale e il rispetto per la persona, il 
medico è tenuto a mettere a disposizione del paziente 
il proprio sapere e la propria abilità sotto forma di de-
cisioni operative e di comprensione umana. Non ci si 
stancherà mai di ribadire che questa non è medicina 
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i farmaci potevano guarire; sono quelle metabolico-in-
volutive legate in gran parte al protrarsi della vita me-
dia. La tecnomedicina ha molto contribuito a questa 
maggior quantità di vita e al miglioramento della sua 
qualità, ma le malattie con cui essa fa i conti sono oggi 
quelle cardiovascolari e tumorali, infarto, ictus, cancro, 
leucemie, e quelle neurodegenerative, morbo di Par-
kinson, sclerosi multipla, Alzheimer, che talvolta non 
si possono (ancora) guarire, ma che si debbono (sem-
pre) curare.

Il medico d’oggi è certamente un tecnico; guai se 
non lo fosse. Però non può essere solo tale. La com-
petenza tecnica è necessaria, ma non sufficiente. Egli 
può usare bene il computer, osservare protocolli e li-
nee guida, fare buon uso di farmaci ed esami, ma non 
può pensare che tutto ciò possa compensare l’eventuale 
mancanza del buon metodo clinico, basato anche sulla 
relazione di cura, sul rapporto interumano, interper-
sonale, tra la propria persona e la persona del malato. 
Il malato ha bisogno del medico della persona, tanto 
competente quanto disponibile, come lo era una volta, 
salvo eccezioni, “il dottore”.

In conclusione, nessun intervento terapeutico può 
essere efficace e vero se non viene instaurata  quella 
che il Maestro e filosofo Aldo Masullo ha definito “re-
lazione personale”, in virtù della quale il medico, alla 
richiesta di aiuto, risponde con la “cura” che deve signi-
ficare “prendere a cuore” l’altrui vita.

Spesso si afferma che il dottore è scomparso. Che 
cosa ci manca, in realtà? Di medici ne abbiamo, e la 
loro schiera si è evoluta in una miriade di sottospecie, 
ciascuna capace di sapere quasi tutto su poco, tanto ri-
stretto è ormai il raggio di azione di ogni specialità. 
Forse il dottore non c’è più non solo o non tanto per-
ché l’Università non lo forma; l’organizzazione del ser-
vizio sanitario lo contempla nella figura del medico di 
medicina generale, ma non lo valorizza; ma perché lo 
strapotere delle specialità, in ospedale e fuori, gli tol-
gono spazio e credibilità. Tutto vero. Però al fondo il 
“nostro” dottore è scomparso perché noi abbiamo ri-
nunciato a sceglierlo e a costruirlo nel tempo, come 
rapporto solido di confidenza e comunicazione. So-
prattutto le ultime generazioni, che un dottore non lo 
hanno mai conosciuto e non possono averne nostalgia, 
è bene che sappiano che un tempo è esistito e potrebbe 
esserci ancora, per non cadere vittime, anche quando è 
in gioco la salute, di un consumismo che tutto divora. 

A partire dalla “rivoluzione terapeutica”, innescata 
dall’avvento degli antibiotici e proseguita a tutt’oggi 
con le innumerevoli conquiste vantaggiose della tecno 
medicina, il rapporto tra curanti e curati si è fatto via 
via sempre più tecnologico tendendo a sovrapporsi o 
addirittura a sostituire l’accostamento umano del me-
dico al paziente.

Si è aperta una nuova stagione, che è quella 
odierna. Le malattie non sono più quelle infettive, che 
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Meeting Calendar
WHEN WHERE WHAT WHO TO CONTACT

2024

September 7-10 San Diego, CA (USA)
2024 Lung Conference on Lung 
Cancer

https://wclc2024.iaslc.org/

September 7-11 Vienna (Austria) ERS Congress 2024 www.ersnet.org

September 30- October 2 Naples (Italy) Skills course: Paediatric bronchoscopy www.ersnet.org

October 3-6 Sibenik (Croatia)
54th Annual Professional and Scientific 
Meeting of the Croatian Pulmonology 
Society HLZ

hpd.hlz.hr 

October 6-9 Boston, MA (USA) CHEST 2024 Annual Meeting Chestnet.org 

October 6-7 Rotterdam (Netherlands)
Course: Academy of paediatric chest 
imaging

www.ersnet.org

October 16-19 Marseille (France)
Skills course: Thoracoscopy and 
pleural techniques

www.ersnet.org

October 17-20 Vienna (Austria)
10th Congress of EAPS (European 
Academy of Paediatric Societies 
Congress)

https://eaps2024.kenes.com/

Novembre 7-9 Taormina, ME (Italy) Pneumomeeting 2024 www.pneumomeeting.it

November 7-10 Hong Kong (Hong Khong)
APSR 2024- 28th Congress of the Asian 
Pacific Society of Respirology

https://www.apsr2024.hk/# 

November 12-16 Bali (Indonesia)
The Union World Conference on Lung 
Health 2024

https://conf2024.theunion.org/

November 14-16 Lisbon (Portugal) 40th Pulmonology Congress – 2024 https://www.sppneumologia.pt/

November 16-18 Milan (Italy)
XXV Congresso Nazionale della 
Pneumologia SIP 2024

www.sip2024.it 

November 19-21 Heidelberg (Germany)
Skills course: Interventional 
bronchoscopy

www.ersnet.org

LLaa  FFoonnddaazziioonnee  IIttaalliiaannaa  SSaalluuttee  AAmmbbiieennttee  ee  RReessppiirroo  ––  EETTSS  

((FFIISSAARR)) è una realtà attiva in campo scientifico, formativo, 

realizzativo e assistenziale a favore dei PPaazziieennttii  aaffffeettttii  

ddaa  ppaattoollooggiiee  ddeellll’’aappppaarraattoo  rreessppiirraattoorriioo..  
 

PPrriinncciippaallii  ffiinnaalliittàà  ddii  FFIISSAARR::  

- migliorare la qualità di vita dei Malati Respiratori e  
delle loro famiglie; 
 

- sostenere la ricerca scientifica nell’area della Medicina 
Respiratoria; 
 

- promuovere l’adozione di stili di vita rispettosi dell’ambiente 
e della salute con particolare focus sulle problematiche  
dell’inquinamento 
 

- prevenire l’insorgenza delle malattie respiratorie mediante  
la diagnosi precoce attraverso specifici progetti scientifici e  
sociali. 

FFIISSAARR  èè  iinnoollttrree  EEnnttee  ddii  rriicceerrccaa  sscciieennttiiffiiccoo  rriiccoonnoosscciiuuttoo  ddaallllaa    

PPrreessiiddeennzzaa  ddeell  CCoonnssiigglliioo  ddeeii  MMiinniissttrrii  IIttaalliiaannoo  

((GG..UU..  nn..  221166  ddeell  1144//0099//22001199))  

DONA IL TUO 5 x 1000 
A FISAR INDICANDO IL 

NOSTRO CODICE FISCALE 

02173420692 
NELLA TUA PROSSIMA 

DICHIARAZIONE DEI REDDITI 

                                        Grazie! 
www.fisaronlus.org 
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