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Abstract

Background Acute exacerbation of idiopathic pulmonary fibrosis (IPF) is the most severe complication and one of
the main causes of death in these patients. No proven effective therapies have been reported until now but high-
dose corticosteroids are suggested by the international guidelines.

Methods A search of the scientific evidence was carried out using PubMed, Embase, and Scopus.
Observational and experimental studies describing clinical outcomes in adult patients with acute exacerbations of
IPF treated with corticosteroids were included.

Results 32 studies were selected for the qualitative and quantitative analysis. In patients treated only with
corticosteroids, the pooled 90-day and in-hospital mortality rate was 42% (95% Cl = 19-67%) and 43% (95% Cl =
30-56%), respectively.

Pooled 90-day mortality in patients treated with methylprednisolone at doses of 1000 mg/day was higher than in
those treated with 500-1000 mg/day (i.e. 10 mg/kg/day) (54% (95% Cl = 11-94%) VS. 39% (95% Cl = 12 to 71%)). In
patients with background antifibrotic therapy, the pooled 90-days mortality was of 39% (95% Cl = 25-54%) while in
those without was of 49% (95% Cl = 10-89%).

The 90-day and in -hospital mortality for patients receiving concomitant immunosuppressive therapy was 37%
(95% Cl = 29-46%) and 35% (95% Cl = 12-62%), respectively. The overall 1-year mortality was 43% (95%Cl =
30-56%).

Conclusions Patients with acute exacerbation of IPF treated with corticosteroids show a high short- and long-term
mortality. Those treated with lower steroid doses and with background antifibrotic therapy show the highest short-
term survival rates.
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Background

Idiopathic pulmonary fibrosis (IPF) is a chronic, fibros-
ing, and progressive interstitial lung disease (ILD) of
unknown etiology [1, 2]. Acute exacerbation of IPF (AE-
IPF), which is the most severe complication and one of
the main causes of death [2-5], is defined as a worsening
of dyspnea and/or gas exchange within 1 month, associ-
ated with new bilateral ground-glass opacities/consolida-
tion on a background of fibrotic interstitial lung disease,
not successfully explained by cardiac failure or fluid over-
load [3, 4].

It can occur at any point of the natural history of IPF
and can occasionally be its presenting manifestation [3,
4], showing a high in-hospital mortality and a median
survival, after the first episode, of 3—4 months [2-4].

AE-IPF may be idiopathic or prompted by other con-
ditions (e.g., infections, drugs, surgery) but etiology
remains uncertain in many cases [4].

Results from clinical trials and observational stud-
ies suggest that background antifibrotic therapy might
reduce the risk of acute exacerbation [6, 7]. No proven
effective therapies for AE-IPF have been described [2-6],
with the only exception of a weak recommendation for
corticosteroids [8], without clear dosing and duration [2,
8]. High-dose steroids (methylprednisolone 500-1000
mg per day for 3 days or equivalent, followed or not by
a slow tapering) are usually administered worldwide
[9]. However, a recent retrospective study showed no
evidence that corticosteroid use improves outcomes in
AE-IPF patients admitted to the hospital and that it may
contribute to reduced overall survival following an exac-
erbation, when compared with patients not receiving this
treatment [10].

Adjunctive therapy with immunosuppressants has
been described [11-13]. However, a recent randomized
controlled trial found that cyclophosphamide did not
improve prognostic outcomes when combined with cor-
ticosteroids [13].

This systematic review and meta-analysis aimed to pro-
vide an update on prognostic outcomes of patients with
AE-IPF treated with corticosteroids. Outcomes related
to the presence of background antifibrotic therapy, use of
other immunosuppressive therapy, and different doses of
corticosteroids were also assessed.

Methods

Study design and search strategy

A systematic review was conducted to identify observa-

tional and experimental studies addressing the outcomes

of patients with AE-IPF treated with corticosteroids.
Three electronic databases (i.e., PubMed, Embase,

and Scopus) were used to detect articles published until

March 2025.
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To retrieve the scientific evidence from the abovemen-
tioned databases, strings were created using the following
single and combined key-words: corticosteroid, gluco-
corticoids, idiopathic pulmonary fibrosis, IPF, interstitial
lung disease, acute exacerbation, exacerbation, treat-
ment, therapy, respiratory failure, mortality.

The study protocol was registered at PROSPERO inter-
national database (CRD42023388678), and the process
of systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) [14].

Selection criteria

Observational and experimental studies focusing on epi-
demiological aspects and clinical outcomes in adult pop-
ulations treated for AE-IPF were included.

Articles were excluded for one of the following criteria:
(1) unclear primary and secondary outcomes; (2) stud-
ies performed in animals; (3) case-reports or case series
which enrolled less than 5 patients; (4) editorials, corre-
spondences, reviews, book chapters, guidelines, confer-
ence proceedings and congresses; abstracts; surveys; (5)
languages other than English; (6) studies on interstitial
lung diseases other than IPF.

Authors carefully and independently evaluated titles
and abstracts of the records for the selection of the full
texts, which were assessed for their eligibility by two
authors independently (CA and JC). Discrepancies dur-
ing the selection of the articles and extraction of the vari-
ables were solved by the intervention of a third senior
author (MM).

Data extraction

Qualitative and quantitative variables were collected in
an ad hoc electronic form. The following variables were
collected: first author of the article; title of the article;
year when the study was published; year/s when the study
was conducted; epidemiological study design; country
where the study was carried out; sample size; gender;
age; ethnicity; smoking status; respiratory and cardiovas-
cular comorbidities; criteria for IPF and AE-IPF diagno-
sis; functional characteristics and ongoing treatments of
patients enrolled in the studies; presence of identifiable
AE-IPF triggers; respiratory failure; treatment of respi-
ratory failure; use of corticosteroids (dosage, duration,
type); use of other concomitant treatments during exac-
erbations (i.e. immunosuppressants, antibiotics), pres-
ence/absence of background antifibrotics therapy; cause
of death; mean survival; in-hospital mortality; 90-days
mortality; 1-year mortality; rate of hospital re-admission.
Data independently extracted by the authors were cross-
checked for the detection of inconsistencies.
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Study quality assessment

The inter-rater agreement for study selection and data
extraction was nearly 100%, with only minimal incon-
sistencies addressed and solved through consensus and,
when necessary, the involvement of a third party for final
opinion (GS). To guide the systematic review process, the
guidelines of Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) were followed [14].

The methodological quality and bias of the studies were
assessed using specific tools for systematic review, tai-
lored to the study design.

The Joanna Briggs Institute Critical Appraisal tools
(JBI), applied for analytical cross-sectional studies was
used for all studies where the control group was missing
[15]. A total of eight items per study were considered and
the risk of bias was categorized by the number of positive
“Yes” answers in high-risk (i.e., below 50%), moderate-
risk (i.e., 50%-75%), and low-risk (i.e., above 75%).

The Newcastle Ottawa (NOS) scale was used to assess
the quality of cohort studies, evaluating the selection
of participants, comparability, and outcome through,
respectively, four, two, and three items, and categoriza-
tion into good, fair, and poor quality [16].

In the RCT studies, the risk of bias was evaluated by
the JBI scale, through nine items and calculating the
number of affirmative answers [15]. The risk of bias was
classified as high, moderate, or low if the percentage of
positive answers was, respectively, < 49%, between 50%
and 75%, or above 75%.

Statistical analysis

Descriptive statistics were used to summarize the main
findings and demographic characteristics of the included
studies. Meta-analytic estimates were calculated and
reported alongside with measures of heterogeneity. For-
est plots were generated to illustrate the variability across
studies, displaying 95% confidence intervals (ClIs) for the
proportions of study-pooled outcomes.

Heterogeneity among studies was assessed using the I?
statistic, with values exceeding 50% considered indica-
tive of substantial heterogeneity. Accordingly, both fixed-
and random-effects models were applied to account for
potential between-study variability. Publication bias was
evaluated visually using funnel plots and statistically
assessed with Egger’s test. A two-tailed p-value <0.05 was
considered statistically significant. All analyses were per-
formed using STATA 17 (StataCorp, College Station, TX,
USA), StatsDirect version 3.1.12 (StatsDirect Ltd., Lon-
don, UK), and Meta-DiSc 2.0 software.
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Results

Study selection

The search of the electronic databases found 6784
records and 3792 potential studies were identified for
screening after duplicate removal.

Subsequently, a total of 88 studies were screened by
titles and abstracts; seven of those were excluded (not
retrieved).

A total of 81 full texts were evaluated and 48 were
excluded for the following reasons: no data on mortality
(n=34), other topics (n=11), letter (n=1), survey (n=1),
abstract (n=1) (Fig. 1). Finally, 33 studies were selected
for the qualitative and quantitative analysis.

Characteristics of the selected studies

The articles describe studies conducted between 1988
and 2022 [17, 18] and published between 2003 and 2023
[17-20] (Table 1).

The following countries were involved in the selected
studies: Japan (n = 22, 66.6%) [11, 17-37], South Korea
(n = 3, 9.1%) [20, 38, 39], Canada (n = 2, 6.1%) [40, 41],
China (n = 2, 6.1%) [42, 43], France (1 = 2, 6.1%) [13, 44],
Italy (n = 1, 3.0%) [12], Spain (n = 1, 3.0%) [45], USA (n =
1, 3.0%) [10].

The study designs were mainly observational, with 28
out of 32 (84.8%) studies being retrospective [10-12, 17,
18, 20-22, 24, 26-36, 38-45] and 2 (6.1%) being pro-
spective [23, 25]. Three (9.1%) studies were randomized
controlled trials [13, 37, 42]. Most studies (21/33, 63.6%)
were single center [10-12, 20-27, 29, 30, 33, 38-45],
whereas twelve (36.4%) were multi-center [13], 40— [18,
28, 31, 32, 34—36]. The sample sizes of the selected stud-
ies ranged from 9 to 5,616 patients [18, 45] (Table 1).

Characteristics of the study samples

Main clinical characteristics

The mean age of recruited patients ranged from 64 to
78 years [36, 38], and the majority were males (Table 1).
Most patients had a history of smoking, with percentages
as high as 93% in some studies [27]. Additionally, a subset
of patients had co-existing emphysema (up to 48.6%) and
chronic respiratory failure (up to 47.6%) [10, 44]. Fewer
data were available on lung cancer and chronic cardio-
vascular disease (Table 1 supplement) [18, 20, 27, 31, 34,
35, 38, 42, 45]. Many patients received background anti-
fibrotic and/or immunosuppressive therapies [13, 19, 20,
22, 25-27, 29, 30, 32, 33, 35-43, 45]. Antifibrotic ther-
apy (pirfenidone or nintedanib) was recorded in several
studies, with percentages ranging from 0% to 56% [21,
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
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Fig. 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram

29]. Immunosuppressive therapies were also frequently
used (up to 88.8% of the patients) [45]. N-acetylcysteine
(NAC) therapy was described in four studies (Table 1

supplement) [24,32,35,43.

Clinical characteristics and treatment of acute
exacerbations

The diagnosis of IPF and AE-IPF was performed follow-
ing four [1, 8, 46, 47] and three different statements/
guidelines [3, 4, 46], respectively, depending on the study
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Table 1 Summary of the included studies

Author, Country  Study Study design  Mono/ Sam- Male, Age, mean AE- AE- Criteriafor  Criteria

year period Multicentre ple n(%) +*(SD)or IPF, IPF, IPFdiagnosis for AE
size median (IQR % diagnosis

or range)

Inase, 2003 Japan 1990-1999 Retrospective  Multicentric 13 10 67 (8.7) 13 100 2000 2000

[19] (3.0

Al-Hameed, Canada 1988-2000 Retrospective  Multicentric 25 23 69 (11) 25 100 2000 2000

2004 [17] (92.0)

Sakamoto, Japan 1994-2004 Retrospective  Monocentric 233 21 70.5(11.5) 47 207 - 2007

2010 [11] (95.4)

Song, South 1990-2009 Retrospective  Monocentric % 69 64.3 (8.9) 96 100 2002 2007

2011[39] Korea (71.9)

Horita, 2011 Japan 2001-2010 Retrospective ~ Monocentric 15 6 74.8 15 100 - 2007

[23] (40.0)

Simon- France 2002-2009 Retrospective  Monocentric 27 22 69.0 (31-81) 27 100 2002 2007

Blancal, (81.5)  (range)

2012 [44]

Isshiki, 2015 Japan 2006-2013 Retrospective  Monocentric 41 36 73 (6) 41 100 2011 2007

[24] (87.8)

Abe, 2015 Japan 2012-2014 Prospective Monocentric 22 19 71(9.3) 16 727 201 2007

[25] (86.3)

Novelli, 2016  Italy 2009-2013 Retrospective ~ Monocentric 1 7 65 (55-75) IQR 11 100 2011 2007

[12] (63.6)

Oishi, 2016 Japan 2006-2014 Retrospective  Monocentric 50 46 71.8 (59-85) 50 100 2011 2007

[26] (920) range

Hayakawa,  Japan 2012-2014 Prospective Monocentric 37 19 71.2 23 621 2011 2007

2016 [27] (82.6)

Atsumi, Japan 2008-2017 Retrospective ~ Monocentric 59 49 74 (66-78)IQR 59 100 2002 2007

2018 [28] (83.0)

Yamazoe, Japan 2008-2017 Retrospective ~ Monocentric 64 54 76.3(6.9) 64 100 2011 2016

2018 [29] (84.4)

Cuerpo, Spain 2003-2014 Retrospective  Monocentric 9 5 77 (10) 9 100 - 2007

2019 [45] (55.6)

Murohashi,  Japan 2014-2017 Retrospective  Multicentric 17 14 75 (72-79.5) 17 100 - 2016

2019 [30] (82.0) IQR

Okuda, 2019 Japan 2006-2015 Retrospective ~ Monocentric 107 82 66.9 (7.1) 39 36 2011 2016

[31] (76.6)

Sakamoto,  Japan 2008-2017 Retrospective ~ Monocentric 88 74 74.7 (56-89) 83 100 2018 2007

2019 [32] (840) range

Aso, 2019 Japan 2010-2014 Retrospective  Multicentric 1847 1254 - 1847 100 - 2007

[33] (67.9)

Hozumi, Japan 2004-2017 Retrospective  Multicentric 102 87 71.7 (82) 102 100 2011 2016

2019 [34] (85.3)

Farrand, USA 2010-2018 Retrospective ~ Monocentric 82 38 66.8 (10) 82 100 2018 2016

2020 [10] (46.0)

lkuyama, Japan 2003-2017 Retrospective  Monocentric 62 53 72 (67-75) IQR 62 100 2018 2007/2016

2020 [35] (85.5)

Arai, 2020 Japan 2014-2016 Retrospective  Multicentric 85 65 74 85 100 2011 2016

[36] (76.4)

Zhuang, China 2014-2018 Retrospective ~ Monocentric 45 36 66.6 45 100 2011 2016

2020 [43] (80.0)

Kondoh, Japan 2016-2018 RCT Multicentric 82 67 73 (67-78) IQR 82 100 2011 2016

2020 [39] (87.0)

Jang, 2021 South 2016-2018 Retrospective  Monocentric 182 94 69.4 (9.9) 117 642 2018 2016

[41 Korea (80.3)

Adams, 2021 Canada 2015-2019 Retrospective ~ Monocentric 89 40 66.8 (8.6) 56 629 2018 2016

[42] (71.4)

Horio, 2022 Japan 2007-2018 Retrospective  Multicentric 62 48 74 (8) 62 100 2018 2007

[37] (77.4)
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Table 1 (continued)
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Author, Country  Study Study design  Mono/ Sam- Male, Age, mean AE- AE- Criteriafor  Criteria
year period Multicentre ple n(%) =+ (SD)or IPF, IPF, IPFdiagnosis for AE
size median (IQR n % diagnosis
or range)

Naccache, France 2016-2018 RCT Multicentric 119 94 72 (9) 119 100 2011 2007

2022 [13] (78.9)

Anan, 2022 Japan 2016-2019 Retrospective  Multicentric 822 113 78 153 186 2018 2016

(A) [38] (74.0)

Anan, 2022 Japan 2016-2020 Retrospective  Multicentric 427 160 77 229 536 2018 2016

(B) [38] (70.0)

Awano, Japan 2010-2018 Retrospective  Multicentric 5616 4167 - 5616 100 - 2016

2023 [20] (74.29)

Li,2023[18] China 2019-2022 RCT Multicentric 80 51 67.3(6.2) 80 100 2011 2016
(63.7)

Yamazaki, Japan 2008-2019 Retrospective ~ Monocentric 97 78 75 (6.6) 97 100 2011 2016

2023 [21] (804)

Hyung, 2023 South 2013-2021 Retrospective ~ Monocentric 238 179 723 238 100 2016

[22] Korea (75.2)

SD Standard deviation, IQR Interquartile range, AE-IPF Acute exacerbation of idiopathic pulmonary fibrosis, IPF Idiopathic pulmonary fibrosis, CPFE Combined

pulmonary fibrosis and emphysema, RCT Randomized controlled trial

period (Table 1). Exacerbation triggers were reported in
up to 62% of the cases [39]: infections, thoracic surgery
or interventional pulmonology procedures, drug toxicity,
aspiration, and other surgical interventions [27-30, 38,
41, 44] (Table 2 supplement).

Respiratory failure was a frequent complication on
admission [18, 20, 30]; however, this information was not
frequently available. Respiratory failure was managed
with different respiratory supports: oxygen therapy, high-
flow nasal cannula (HFNC), non-invasive mechanical
ventilation (NIMV), and invasive mechanical ventilation
(IMV).

In particular, IMV was required in 3.2%-84% of the
cases, whereas NIMV and HFNC were employed in up
to 100% and 27%, respectively (Table 2 supplement) [31,
35, 36, 40].

Deaths during AE-IPF were primarily caused by respi-
ratory failure related to acute exacerbation or to in-
hospital complications (e.g., infections and pneumonia)
(Table 2 supplement). Median survival after an acute
exacerbation was variable, ranging from a few months
[22, 25, 39, 41, 44] to more than one year [32, 35, 38, 44]
(Table 2 supplement).

Acute exacerbations were treated with high-dose cor-
ticosteroids (Table 3 supplement). Methylprednisolone
pulses at 1,000 mg/day for 3 days and methylpredniso-
lone at the dosage of 500-1,000 mg/day (i.e., 10 mg/Kg/
day) administered for 3 days were the most common pre-
scribed regimens (13, 40.6% and 10, 31.3%, respectively)
[10-13], 42— [26, 30-32, 35-38, 41, 43]. In six studies,
methylprednisolone was administered at a dosage of
0.5-1 mg/kg/day [10, 20, 35, 38, 43, 45], whereas in the
remaining cases, variable regimens were used or no type

and/or dosage of the steroid was detailed [27-29, 33, 34,
40].

Type, dose, and duration of corticosteroid tapering
varied across studies and involved methylprednisolone,
prednisolone, and prednisone for 7 to 180 days [13, 45]
(Table 3 supplement).

In addition to corticosteroids, immunosuppressive
agents (i.e., cyclosporine A, cyclophosphamide, azathio-
prine, and tacrolimus) were prescribed in 18—100% of the
patients [12, 13, 17, 22-26, 29-38, 44].

The percentage of patients treated with polymyxin-B
hemoperfusion (PMX-HP) ranged from 4.7% to 23.5%
[32, 34] whereas recombinant thrombomodulin was used
in up to 51% [30, 37]. (Table 3 supplement).

Antibiotics were frequently prescribed, with broad-
spectrum ones administered in up to 100% of patients
[21] (Table 3 supplement).

Outcomes

In patients treated only with corticosteroids, 90-day and
in-hospital mortality related to treatment dosage, are
displayed in Table 4 supplement and Fig. 2. The majority
reported outcomes with a starting dose of 500-1000 mg/
day and 1000 mg/day [10-13], 42— [26, 30-32, 35-41].
Hyung et al. reported in-hospital and 90-day mortality of
18.6% and 35.6%, respectively, with a mean starting dose
of 500 mg/day, [20].

Two studies reported in-hospital mortality with a
starting dose of 1,000 mg/day. The reported mortality
rate was 54.6% and 90%, respectively [11, 21] (Table 4
supplement).

Only three studies reported outcomes with a starting
dosage of 0.5-1 mg/Kg/day [22, 41, 43]. Song et al. and
Hyung et al. reported a in-hospital mortality of 36.3% and
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90-day mortality
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In-hospital mortality

Song 2011 = 0.46 0.19-0.75)
Farrand 2020 —— 0.38 (0.22-0.55)
Aso 2019 | 0.48 (0.45-0.50)
Horita 2011 ———&—— 090 (0.55-1.00)
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1= 84.7% (95% CI = 67.5%-90.8%)

Fig. 2 Pooled 90-day and in-hospital mortality of patients with acute exacerbation of idiopathic pulmonary fibrosis treated only with a corticosteroid

therapy regardless of treatment dosage

90-day mortality -
methylprednisolone 500-1000 mg/day for 3 days

90-day mortality —
methylprednisolone 1000 mg/day for 3 days
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Pooled proportion = 0.54 (95% CI = 0.11-0.94)
L= 91.6% (95% CI = 75.5%-95.6%)

Fig. 3 Pooled 90-day mortality of patients with acute exacerbation of idiopathic pulmonary fibrosis treated only with a corticosteroid therapy related to

methylprednisolone starting dosage

50%, respectively, whereas Hyung et al. reported a 90-day
mortality of 47.5% [20, 38]. Jang et al. reported a 90-day
mortality of 25.6% [39] (Table 4 supplement).

In one study'?, different doses were prescribed but out-
comes related to specific dosages were not described.
Another study® described the mortality rate in the popu-
lation, but only a group was treated with corticosteroids.

90-day mortality

In patients treated only with corticosteroids, the pooled
90-day mortality rate was 42% (95% CI = 0.19-0.67%)
[25, 42] (Fig. 2). Pooled mortality in patients treated with
methylprednisolone at doses of 1,000 mg/day was higher
than in those treated with 500-1,000 mg/day (i.e., 10 mg/
kg/day) (54%; 95% CI = 0.11-0.94% VS. 39%; 95% CI =
0.12 to 0.71%) (Fig. 3).

In patients with background antifibrotic therapy, the
pooled 90-day mortality was 39% (95% CI=0.25-0.54%)
whereas in those without was 49% (95% CI=0.10-0.89%)
(Fig. 4).

The pooled 90-day mortality for patients receiving
concomitant immunosuppressive therapy was 37% (95%
CI=0.29-0.46%) (Fig. 5).

In-hospital mortality
The pooled in-hospital mortality in patients treated only
with steroids was 43% (95% CI = 0.30-0.56%) [20, 21]
(Fig. 2). The rate was lower in patients receiving concom-
itant immunosuppressive therapy 35% (95% CI = 0.12—
0.62%) (Fig. 5).

Pooled in-hospital mortality in patients treated with
methylprednisolone at doses of 500-1,000 mg/day was
35% (95% CI=0.19-0.52%) (Fig. 1 supplement).
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90-day mortality -
with background antifibrotic therapy
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90-day mortality —
without background antifibrotic therapy
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1-year mortality
The overall 1-year mortality was 43% (95%CI = 0.30—
0.56%) [20, 21] (Fig. 2 supplement).

Study quality assessment

The quality assessment for cross-sectional studies
showed a low risk of bias (Table 5 supplement) [10, 12,
18, 27, 28, 35, 38, 40, 41, 43].

Cohort studies, based on the NOS scale, can be
awarded with a maximum of four, two and three stars
for selection, comparability, and outcome sections,
respectively. On this basis, all studies had a good quality
assessment with scores ranging from 6 to 8 stars (Table 6
supplement) [11, 17, 20-25, 27, 30-32, 34, 36].

The risk of bias for three RCT studies was low accord-
ing to JBI's checklist [13, 37, 42] (Table 7 supplement).

Discussion

This systematic review provides a comprehensive
description of the outcomes of patients with AE-IPF
treated with corticosteroids.

Our data show a high short- (i.e., in-hospital and
90-day) and long-term (1-year) mortality of patients with
AE-IPF treated with corticosteroids.

Interestingly, patients treated with lower steroid doses
and with a background antifibrotic therapy show the low-
est short-term mortality rate.

Corticosteroids are the therapeutic cornerstone for
exacerbated IPF, despite randomized controlled trials
showed no long-term benefits in case of stable disease [2,
4, 8, 48]. International guidelines suggested a high dose
(up to 1 g daily) of methylprednisolone but the recom-
mendation was based on small, uncontrolled case series
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[2, 8]. A recent survey found that high-dose methylpred-
nisolone or equivalent followed by a slow tapering was
the most prescribed pharmacological approach, whereas
only one third of respondents usually prescribe lower
doses (i.e., 1 mg/kg per day) [9].

A lower in-hospital and 90-day mortality can be
achieved in patients treated with 500-1,000 mg/day (i.e.,
10 mg/Kg/day) if compared with those treated with 1,000
mg/day, with the highest survival rate in those treated
with a starting dose of 1 mg/Kg/day up to 500 mg daily
[10, 20, 39].

Unfortunately, it is unclear whether different steroid
doses were chosen based on the exacerbation severity.

Farrand et al. did not show a survival benefit in
patients with AE-IPF treated with corticosteroids VS.
those treated with supportive care alone [10]. However,
patients treated with steroids had a pre-admission lower
functional impairment and were more likely to require
ICU-level care and mechanical ventilation during hospi-
talization [10].

A recent systematic review found a reduced 90-day
mortality in patients with exacerbated, non-IPF, ILD
treated with high-dose corticosteroid therapy (> 1 mg/Kg
prednisolone) and inconsistent benefits in those with AE-
IPF [49].

Our systematic review shows that patients with a back-
ground antifibrotic therapy had a lower 90-day mortality
than those without.

Antifibrotic therapy may prevent exacerbations. Ninte-
danib may reduce the time to the first exacerbation when
compared to placebo [6]. A recent systematic review of
clinical trials and observational studies showed that
antifibrotics may reduce the risk of AE in patients with
IPF [7]. Our data confirmed small, uncontrolled studies
which showed a survival benefit in patients treated with
background antifibrotic therapy following an acute exac-
erbation [50].

Increased risk of death and hospitalization was pre-
viously observed in patients with IPF who were treated
with a combination of prednisone, immunosuppressants,
and N-Acetylcysteine [48].

However, several studies described the concomitant
administration of corticosteroids with immunosup-
pressants during exacerbations, with cyclosporin A and
cyclophosphamide being the most prescribed [12, 13, 17,
22-26, 29-38, 44].

Patients treated with immunosuppressants and cortico-
steroids show better in-hospital and 90-days survival than
those with only steroids. However, a randomized con-
trolled trial demonstrated that intravenous cyclophos-
phamide pulses and high-dose glucocorticoids increased
3-month mortality [13]. These findings highlight the need
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for high-quality studies to find the most effective phar-
macological options.

Antibiotics are commonly prescribed in AE-IPF since
bacterial infections may not be confidently ruled out in
many patients but no studies have specifically confirmed
their usefulness.

This review has several limitations. The findings are
mostly based on small observational studies, and most
of them had a retrospective epidemiological design,
increasing the risk of selection bias. Furthermore, dif-
ferent definitions of IPF and AE were used and different
background therapies were described.

Some patients were treated with corticosteroids and
immunosuppressive/anti-inflammatory drugs but data to
assess 1-year mortality could not be separately obtained
in some cases. Thus, the related pooled results should be
cautiously interpreted.

Our review failed to retrieve sufficient data to compare
outcomes in patients treated with corticosteroids accord-
ing to the severity of the exacerbation and in those with
idiopathic VS. secondary disease.

Based on studies’ data no conclusions can be drawn on
the association between clinical outcomes and concomi-
tant background antifibrotic therapy and/or immunosup-
pressive agents and steroid dosages.

In conclusion, our study shows a high short- and long-
term mortality in patients with AE-IPF treated with
corticosteroids. Lower steroid doses and background
antifibrotic therapy might reduce short-term mortality.

Two randomized controlled trials are underway com-
paring the efficacy of high-dose corticosteroids with
placebo and higher VS. lower doses of steroids (Clinical-
trials.gov identifiers: NCT05674994 and NCT04996303).
They could provide robust data on the efficacy of this
therapy in the treatment of this devastating complication.

High-quality studies are needed to assess whether
antibiotics and/or concomitant therapies with anti-
inflammatory activity might be associated with a survival
benefit.

Larger prospective studies should confirm the role of
antifibrotic therapy in improving outcomes in patients
surviving an acute exacerbation.

Abbreviations
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NIMV  Non-invasive mechanical ventilation
IMV Invasive mechanical ventilation



Mondoni et al. Respiratory Research (2026) 27:227

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512931-026-03648-9.

Supplementary Material 1.
Supplementary Material 2.

Supplementary Material 3.

Acknowledgements
None.

Authors' contributions

MM: conception and design; drafting the article and revising it critically for
important intellectual content; final approval of the version to be submitted.
CA: conception and design and acquisition of data; drafting the article and
revising it critically for important intellectual content; final approval of the
version to be submitted.MVP: analysis and interpretation of data; drafting

the article and revising it critically for important intellectual content; final
approval of the version to be submitted.GN: acquisition of data; drafting

the manuscript; revising it critically for important intellectual content; final
approval of the version to be submitted.JC: acquisition of data; revising it
critically for important intellectual content; final approval of theversion to

be submitted.NM: analysis and interpretation of data; drafting the article

and revising it critically for important intellectual content; final approval of
the version to be submitted.CT: acquisition of data; revising it critically for
important intellectual content; final approval of theversion to be submitted.
LAB: acquisition of data; revising it critically for important intellectual content;
final approval of theversion to be submitted.GF: acquisition of data; revising it
critically for important intellectual content; final approval of the version to be
submitted.MZ: acquisition of data; revising it critically for important intellectual
content; final approval of theversion to be submitted.GS: conception

and design and analysis and interpretation of data; revising it critically for
important intellectual content; final approval of the version to be submitted.

Funding
none.

Data availability
all data generated or analysed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate
not applicable.

Consent for publication
not applicable.

Competing interests
Prof. Giovanni Sotgiu is Associate Editor of Respiratory Research.

Author details

‘Respiratory Unit, ASST Santi Paolo e Carlo, Department of Health
Sciences, Universita degli Studi di Milano, Via A. Di Rudini n. 8,

Milan 20142, Italy

“Clinical Epidemiology and Medical Statistics Unit, Department of
Medical, Surgical, Experimental Sciences, University of Sassari, Sassari, Italy
UOC Pneumologia, ASST Ovest Milanese, Legnano, Italy

Received: 29 January 2026 / Accepted: 23 March 2026
Published online: 09 April 2026

References
1. Raghu G, Remy-Jardin M, Myers JL, et al. American Thoracic Society, European
Respiratory Society, Japanese Respiratory Society, and Latin American

20.

21.

Page 10 of 11

Thoracic Society. Diagnosis of Idiopathic Pulmonary Fibrosis. An Official
ATS/ERS/JRS/ALAT Clinical Practice Guideline. Am J Respir Crit Care Med.
2018;198(5):e44-68. https://doi.org/10.1164/rccm.201807-1255ST.PMID.
Raghu G, Remy-Jardin M, Richeldi L, et al. Idiopathic Pulmonary Fibrosis

(an Update) and Progressive Pulmonary Fibrosis in Adults: An Official
ATS/ERS/JRS/ALAT Clinical Practice Guideline. Am J Respir Crit Care Med.
2022;205(9):e18-47. https://doi.org/10.1164/rccm.202202-0399ST.

Collard HR, Moore BB, Flaherty KR, et al. Idiopathic Pulmonary Fibrosis Clinical
Research Network Investigators. Acute exacerbations of idiopathic pulmo-
nary fibrosis. Am J Respir Crit Care Med. 2007;176(7):636-43. https://doi.org/1
0.1164/rccm.200703-463PP.

Collard HR, Ryerson CJ, Corte TJ, et al. Acute Exacerbation of Idiopathic
Pulmonary Fibrosis. An International Working Group Report. Am J Respir Crit
Care Med. 2016;194(3):265-75. https://doi.org/10.1164/rccm.201604-0801Cl.
Paterniti MO, BiY, Rekic D, et al. Acute Exacerbation and Decline in Forced
Vital Capacity Are Associated with Increased Mortality in Idiopathic Pulmo-
nary Fibrosis. Ann Am Thorac Soc. 2017;14(9):1395-402. https://doi.org/10.15
13/AnnalsATS.201606-4580C.

Petnak T, Lertjitbanjong P, Thongprayoon C, Moua T. Impact of Antifibrotic
Therapy on Mortality and Acute Exacerbation in Idiopathic Pulmonary Fibro-
sis: A Systematic Review and Meta-Analysis. Chest. 2021;160(5):1751-63. http
s://doi.org/10.1016/j.chest.2021.06.049.

Mondoni M, Alfano F, Varone F, et al. Observational, Multicenter Study on

the Efficacy, Tolerability, and Safety of Nintedanib in Patients with Idiopathic
Pulmonary Fibrosis Older than 80 Years. Respiration. 2023;102(1):25-33. https:
//doi.org/10.1159/000527308.

Raghu G, Collard HR, Egan JJ, ATS/ERS/JRS/ALAT Committee on Idiopathic
Pulmonary Fibrosis, et al. An official ATS/ERS/JRS/ALAT statement: idiopathic
pulmonary fibrosis: evidence-based guidelines for diagnosis and manage-
ment. Am J Respir Crit Care Med. 2011;183(6):788-824. https://doi.org/10.116
4/rccm.2009-040GL.

Kreuter M, Polke M, Walsh SLF, et al. Acute exacerbation of idiopathic pul-
monary fibrosis: international survey and call for harmonisation. Eur Respir J.
2020;55(4):1901760. https://doi.org/10.1183/13993003.01760-2019.

Farrand E, Vittinghoff E, Ley B, et al. Corticosteroid use is not associ-

ated with improved outcomes in acute exacerbation of IPF. Respirology.
2020;25(6):629-35. https://doi.org/10.1111/resp.13753.

Sakamoto S, Homma S, Miyamoto A, et al. Cyclosporin A in the treat-

ment of acute exacerbation of idiopathic pulmonary fibrosis. Intern Med.
2010;49(2):109-15. https://doi.org/10.2169/internalmedicine.49.2359.

Novelli L, Ruggiero R, De Giacomi F, et al. Corticosteroid and cyclophos-
phamide in acute exacerbation of idiopathic pulmonary fibrosis: a single
center experience and literature review. Sarcoidosis Vasc Diffuse Lung Dis.
2016;33(4):385-91.

Naccache JM, Jouneau S, Didier M, et al. Cyclophosphamide added to glu-
cocorticoids in acute exacerbation of idiopathic pulmonary fibrosis (EXAFIP):
a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Respir
Med. 2022;10(1):26-34. https://doi.org/10.1016/52213-2600(21)00354-4.
Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: An
updated guideline for reporting systematic reviews. BMJ. 2021,372:n71.
Aromataris E, Munn Z, editors. JBI Manual for Evidence Synthesis. JBI, 2020.
Available from https://synthesismanual.jbi.global]

Wells GA, Shea B, O'Connell D et al. The Newcastle-Ottawa Scale (NOS) for
Assessing the Quality of non-randomized Studies in Meta-analyses. Ottawa:
Ottawa Hospital Research Institute. (Available at http://www.ohri.ca/program
s/clinical_epidemiology/oxford.asp)

Inase N, Sawada M, Ohtani Y, et al. Cyclosporin A followed by the treatment of
acute exacerbation of idiopathic pulmonary fibrosis with corticosteroid. Intern
Med. 2003;42(7):565-70. https://doi.org/10.2169/internalmedicine.42.565.
Awano N, JoT, Izumo T, Inomata M, et al. Polymyxin B-immobilised fibre
column treatment for acute exacerbation of idiopathic pulmonary fibrosis
patients with mechanical ventilation: a nationwide observational study. J
Intensive Care. 2023;11(1):45. https://doi.org/10.1186/540560-023-00693-0.
Yamazaki R, Nishiyama O, Yoshikawa K, et al. Prognostic value of the qSOFA
in patients with acute exacerbation of idiopathic pulmonary fibrosis. Respir
Investig. 2023,61(3):339-46. https://doi.org/10.1016/j.resinv.2023.02.006.
Hyung K, Lee JH, Kim JY, et al. Pulse versus non-pulse corticosteroid therapy
in patients with acute exacerbation of idiopathic pulmonary fibrosis. Respi-
rology. 2024,29(3):235-42. https://doi.org/10.1111/resp.14643.

Horita N, Akahane M, Okada Y, et al. Tacrolimus and steroid treatment

for acute exacerbation of idiopathic pulmonary fibrosis. Intern Med.
2011;50(3):189-95. https://doi.org/10.2169/internalmedicine.50.4327.


https://doi.org/10.1186/s12931-026-03648-9
https://doi.org/10.1186/s12931-026-03648-9
https://doi.org/10.1164/rccm.201807-1255ST.PMID
https://doi.org/10.1164/rccm.202202-0399ST
https://doi.org/10.1164/rccm.200703-463PP
https://doi.org/10.1164/rccm.200703-463PP
https://doi.org/10.1164/rccm.201604-0801CI
https://doi.org/10.1513/AnnalsATS.201606-458OC
https://doi.org/10.1513/AnnalsATS.201606-458OC
https://doi.org/10.1016/j.chest.2021.06.049
https://doi.org/10.1016/j.chest.2021.06.049
https://doi.org/10.1159/000527308
https://doi.org/10.1159/000527308
https://doi.org/10.1164/rccm.2009-040GL
https://doi.org/10.1164/rccm.2009-040GL
https://doi.org/10.1183/13993003.01760-2019
https://doi.org/10.1111/resp.13753
https://doi.org/10.2169/internalmedicine.49.2359
https://doi.org/10.1016/S2213-2600(21)00354-4
https://synthesismanual.jbi.global
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp)
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp)
https://doi.org/10.2169/internalmedicine.42.565
https://doi.org/10.1186/s40560-023-00693-0
https://doi.org/10.1016/j.resinv.2023.02.006
https://doi.org/10.1111/resp.14643
https://doi.org/10.2169/internalmedicine.50.4327

Mondoni et al. Respiratory Research

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

(2026) 27:227

Isshiki T, Sakamoto S, Kinoshita A, et al. Recombinant human soluble
thrombomodulin treatment for acute exacerbation of idiopathic pulmonary
fibrosis: a retrospective study. Respiration. 2015;89(3):201-7. https://doi.org/1
0.1159/000369828.

Abe M, Tsushima K, Matsumura T, et al. Efficacy of thrombomodulin for acute
exacerbation of idiopathic pulmonary fibrosis and nonspecific interstitial
pneumonia: a nonrandomized prospective study. Drug Des Devel Ther.
2015;9:5755-62. https://doi.org/10.2147/DDDT.590739.

Oishi K, Aoe K, Mimura Y, Murata Y, et al. Survival from an Acute Exacerbation
of Idiopathic Pulmonary Fibrosis with or without Direct Hemoperfusion with
a Polymyxin B-immobilized Fiber Column: A Retrospective Analysis. Intern
Med. 2016;55(24):3551-9. https://doi.org/10.2169/internalmedicine.55.6056.
Hayakawa S, Matsuzawa Y, Irie T, et al. Efficacy of recombinant human soluble
thrombomodulin for the treatment of acute exacerbation of idiopathic
pulmonary fibrosis: a single arm, non-randomized prospective clinical trial.
Multidiscip Respir Med. 2016;11:38. https://doi.org/10.1186/540248-016-007
4-z.

Atsumi K, Saito Y, Kuse N, et al. Prognostic Factors in the Acute Exacerbation
of Idiopathic Pulmonary Fibrosis: A Retrospective Single-center Study. Intern
Med. 2018;57(5):655-61. https://doi.org/10.2169/internalmedicine.9331-17.
Yamazoe M, Tomioka H. Acute exacerbation of idiopathic pulmonary
fibrosis: a 10-year single-centre retrospective study. BMJ Open Respir Res.
2018,5(1):e000342. https://doi.org/10.1136/bmjresp-2018-000342.
Murohashi K, Hara Y, Saigusa Y, et al. Clinical significance of Charlson comor-
bidity index as a prognostic parameter for patients with acute or subacute
idiopathic interstitial pneumonias and acute exacerbation of collagen vascu-
lar diseases-related interstitial pneumonia. J Thorac Dis. 2019;11(6):2448-57. h
ttps://doi.org/10.21037/jtd.2019.05 46.

Okuda R, Hagiwara E, Katano T, et al. Newly defined acute exacerbation

of idiopathic pulmonary fibrosis with surgically-proven usual interstitial
pneumonia: risk factors and outcome. Sarcoidosis Vasc Diffuse Lung Dis.
2019;36(1):39-46. https://doi.org/10.36141/svdld.v36i1.7117.

Sakamoto S, Shimizu H, Isshiki T, et al. Pharmacological treatment of acute
exacerbation of idiopathic pulmonary fibrosis: a retrospective study of 88
patients. Sarcoidosis Vasc Diffuse Lung Dis. 2019;36(3):176-84. https://doi.org
/10.36141/svdld.v36i3.7750.

Aso S, Matsui H, Fushimi K, Yasunaga H. Systemic glucocorticoids plus
cyclophosphamide for acute exacerbation of idiopathic pulmonary

fibrosis: a retrospective nationwide study. Sarcoidosis Vasc Diffuse Lung Dis.
2019;36(2):116-23. https://doi.org/10.36141/svdld.v36i2.7181.

Hozumi H, Hasegawa H, Miyashita K, et al. Efficacy of corticosteroid and intra-
venous cyclophosphamide in acute exacerbation of idiopathic pulmonary
fibrosis: A propensity score-matched analysis. Respirology. 2019;24(8):792-8.
https://doi.org/10.1111/resp.13506.

Ikuyama Y, Ushiki A, Kosaka M, et al. Prognosis of patients with acute exac-
erbation of combined pulmonary fibrosis and emphysema: a retrospective
single-centre study. BMC Pulm Med. 2020;20(1):144. https://doi.org/10.1186/s
12890-020-01185-9.

Arai T, Kida H, Ogata Y, et al. Efficacy of recombinant thrombomodulin

for poor prognostic cases of acute exacerbation in idiopathic interstitial
pneumonia: secondary analysis of the SETUP trial. BMJ Open Respir Res.
2020;7(1):e000558. https://doi.org/10.1136/bmjresp-2020-000558.

Horio Y, Takihara T, Takahashi F, et al. Prognosis of acute exacerbation in
idiopathic pulmonary fibrosis with pulmonary emphysema: a retrospective
cohort study in Japan. BMJ Open Respir Res. 2022;12(9):e062236. https://doi.
org/10.1136/bmjopen-2022-062236.

Anan K, Kataoka Y, Ichikado K, et al. Early corticosteroid dose tapering in
patients with acute exacerbation of idiopathic pulmonary fibrosis. Respir Res.
2022;23(1):291. https://doi.org/10.1186/512931-022-02195-3.

Kondoh'Y, Azuma A, Inoue Y, et al. Thrombomodulin Alfa for Acute Exac-
erbation of Idiopathic Pulmonary Fibrosis. A Randomized, Double-Blind

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 11 of 11

Placebo-controlled Trial. Am J Respir Crit Care Med. 2020;201(9):1110-9. https
///doi.org/10.1164/rccm.201909-18180C.

Song JW, Hong SB, Lim CM, et al. Acute exacerbation of idiopathic pulmonary
fibrosis: incidence, risk factors and outcome. Eur Respir J. 2011;37(2):356-63. h
ttps://doi.org/10.1183/09031936.00159709.

Jang HJ, Yong SH, Leem AY, et al. Corticosteroid responsiveness in patients
with acute exacerbation of interstitial lung disease admitted to the emer-
gency department. Sci Rep. 2021;11(1):5762. https://doi.org/10.1038/54159
8-021-85539-1.

Al-Hameed FM, Sharma S. Outcome of patients admitted to the intensive
care unit for acute exacerbation of idiopathic pulmonary fibrosis. Can Respir
J.2004;11(2):117-22. https://doi.org/10.1155/2004/379723.

Adams CJ, Chohan K, Rozenberg D, et al. Feasibility and Outcomes of a Stan-
dardized Management Protocol for Acute Exacerbation of Interstitial Lung
Disease. Lung. 2021;199(4):379-87. https://doi.org/10.1007/500408-021-0046
3-5.

Li JS, Zhang HL, Guo W, et al. Efficacy and safety of Kangxian Huanji Granule
as adjunctive treatment in acute exacerbation of idiopathic pulmo-

nary fibrosis: An exploratory randomized controlled trial. J Integr Med.
2023;21(6):543-9.

ZhuangY, Zhou Y, Qiu X et al. Incidence and impact of extra-pulmonary organ
failures on hospital mortality in acute exacerbation of idiopathic pulmonary
fibrosis. Incidence and impact of extra-pulmonary organ failures on hospital
mortality in acute exacerbation of idiopathic pulmonary fibrosis. Sci Rep.
2020;10(1):10742 ; PMID: 32612256. https://doi.org/10.1038/541598-020-6759
8-y.

Simon-Blancal V, Freynet O, Nunes H, et al. Acute exacerbation of idio-

pathic pulmonary fibrosis: outcome and prognostic factors. Respiration.
2012;83(1):28-35. https://doi.org/10.1159/000329891.

Cuerpo S, Moisés J, Hernandez-Gonzalez F, et al. Acute exacerbations of
idiopathic pulmonary fibrosis: Does clinical stratification or steroid treatment
matter? Chron Respir Dis. 2019;1479973119869334. https://doi.org/10.1177/1
479973119869334.

American Thoracic Society. Idiopathic pulmonary fibrosis: diagnosis and
treatment. International consensus statement. American Thoracic Society
(ATS), and the European Respiratory Society (ERS). [No authors listed]. Am J
Respir Crit Care Med. 2000;161(2 Pt 1):646-64. https://doi.org/10.1164/ajrccm
.161.2.ats3-00.

American Thoracic Society; European Respiratory Society. American Thoracic
Society/European Respiratory Society International Multidisciplinary
Consensus Classification of the Idiopathic Interstitial Pneumonias. This joint
statement of the American Thoracic Society (ATS), and the European Respira-
tory Society (ERS) was adopted by the ATS board of directors, June 2001

and by the ERS Executive Committee, June 2001. Am J Respir Crit Care Med.
2002;165(2):277-304. https://doi.org/10.1164/ajrccm.165.2.ats01.

Idiopathic Pulmonary Fibrosis Clinical Research Network, Raghu G, Anstrom
KJ, King TE Jr, Lasky JA, Martinez FJ. Prednisone, azathioprine, and N-acetylcys-
teine for pulmonary fibrosis. N Engl J Med. 2012;366(21):1968-77. https://doi.
org/10.1056/NEJMoal113354.

Srivali N, De Giacomi F, Moua T, et al. Corticosteroid therapy for treating

acute exacerbation of interstitial lung diseases: a systematic review. Thorax.
2025;80(3):140-9. https://doi.org/10.1136/thorax-2024-222636.

Lionello F, Arcaro G, De Bertagna L, et al. Improved Survival in Patients with
Idiopathic Pulmonary Fibrosis Hospitalized for Acute Exacerbation. J Clin
Med. 2025;14(5):1693. https://doi.org/10.3390/jcm 14051693.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1159/000369828
https://doi.org/10.1159/000369828
https://doi.org/10.2147/DDDT.S90739
https://doi.org/10.2169/internalmedicine.55.6056
https://doi.org/10.1186/s40248-016-0074-z
https://doi.org/10.1186/s40248-016-0074-z
https://doi.org/10.2169/internalmedicine.9331-17
https://doi.org/10.1136/bmjresp-2018-000342
https://doi.org/10.21037/jtd.2019.05.46
https://doi.org/10.21037/jtd.2019.05.46
https://doi.org/10.36141/svdld.v36i1.7117
https://doi.org/10.36141/svdld.v36i3.7750
https://doi.org/10.36141/svdld.v36i3.7750
https://doi.org/10.36141/svdld.v36i2.7181
https://doi.org/10.1111/resp.13506
https://doi.org/10.1111/resp.13506
https://doi.org/10.1186/s12890-020-01185-9
https://doi.org/10.1186/s12890-020-01185-9
https://doi.org/10.1136/bmjresp-2020-000558
https://doi.org/10.1136/bmjopen-2022-062236
https://doi.org/10.1136/bmjopen-2022-062236
https://doi.org/10.1186/s12931-022-02195-3
https://doi.org/10.1164/rccm.201909-1818OC
https://doi.org/10.1164/rccm.201909-1818OC
https://doi.org/10.1183/09031936.00159709
https://doi.org/10.1183/09031936.00159709
https://doi.org/10.1038/s41598-021-85539-1
https://doi.org/10.1038/s41598-021-85539-1
https://doi.org/10.1155/2004/379723
https://doi.org/10.1007/s00408-021-00463-5
https://doi.org/10.1007/s00408-021-00463-5
https://doi.org/10.1038/s41598-020-67598-y
https://doi.org/10.1038/s41598-020-67598-y
https://doi.org/10.1159/000329891
https://doi.org/10.1177/1479973119869334
https://doi.org/10.1177/1479973119869334
https://doi.org/10.1164/ajrccm.161.2.ats3-00
https://doi.org/10.1164/ajrccm.161.2.ats3-00
https://doi.org/10.1164/ajrccm.165.2.ats01
https://doi.org/10.1056/NEJMoa1113354
https://doi.org/10.1056/NEJMoa1113354
https://doi.org/10.1136/thorax-2024-222636
https://doi.org/10.3390/jcm14051693

	﻿Outcomes of patients with acute exacerbations of idiopathic pulmonary fibrosis treated with corticosteroids: a systematic review and meta-analysis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and search strategy
	﻿Selection criteria
	﻿Data extraction
	﻿Study quality assessment
	﻿Statistical analysis

	﻿Results
	﻿Study selection
	﻿Characteristics of the selected studies
	﻿Characteristics of the study samples
	﻿Main clinical characteristics


	﻿Clinical characteristics and treatment of acute exacerbations
	﻿Outcomes
	﻿90-day mortality
	﻿In-hospital mortality
	﻿1-year mortality



