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Key messages

►► Clinical characteristics of acute exacerbation of id-
iopathic pulmonary fibrosis (AE-IPF) based on the 
new American Thoracic Society 2016 criteria, and 
clinical differences between triggered AE (T-AE) and 
idiopathic AE (I-AE) are unresolved.

►► I-AE and T-AE cases did not show differences in 
in-hospital and long-term outcomes.

►► We have clarified clinical characteristics of newly 
defined AE-IPF.

Abstract
Introduction  In 2016, an international working group 
proposed a revised definition and new diagnostic criteria 
for the acute exacerbation of idiopathic pulmonary fibrosis 
(AE-IPF). Based on these criteria, AE-IPF was diagnosed 
regardless of the presence or absence of a known trigger 
and categorised as triggered (T-AE) or idiopathic (I-AE) 
AE-IPF. However, the clinical characteristics of the newly 
defined AE-IPF and clinical differences between T-AE and 
I-AE are unresolved.
Methods  We retrospectively analysed 64 patients with 
AE-IPF (I-AE (42), T-AE (22)) admitted to our hospital over a 
10- year period.
Results  I-AE and T-AE cases did not show differences in 
in-hospital and long-term outcomes (in-hospital mortality: 
I-AE 52.4%, T-AE 59.1%, p=0.61; long-term mortality: 
p=0.68). In the I-AE group, significantly more patients 
received corticosteroid therapy before an AE (I-AE 35.7%, 
T-AE 4.5%; p=0.01). Significantly more patients in the T-AE 
group had lung cancer (I-AE 7.1%, T-AE 59.1%, p<0.001). 
I-AE occurred more frequently in winter while T-AE did not 
show seasonality. The white blood cell (WBC) count and 
haemoglobin (Hb) level were independent predictors of 
in-hospital deaths in I-AE (WBC: OR 1.87; 95% CI 1.09 to 
4.95, p=0.01; Hb: OR 0.26, 95%  CI 0.04 to 0.78, p=0.01) 
but not T-AE.
Discussion  With the introduction of new criteria for AE-
IPF, a retrospective study over a 10-year period showed a 
lack of prognostic difference between I-AE and T-AE. The 
WBC count and Hb level predicted in-hospital outcome in 
I-AE cases.

Introduction
Idiopathic pulmonary fibrosis (IPF) is the 
most common form of idiopathic interstitial 
lung disease. IPF usually progresses grad-
ually, with a median survival of 2–4 years;1 2 
however, some patients with IPF experience 
a rapid progression of respiratory failure that 
has been termed an acute exacerbation of IPF 
(AE-IPF). AE-IPF was first described in a case 
report by Kondoh et al in 1993.3 The prog-
nosis of AE-IPF is very poor, with a median 
survival of 3–4 months,4 5 and is one of the 
main causes of death in patients with IPF.6–8

In 2007, the National Institutes of 
Health-sponsored IPF Clinical Trial Network 

published international consensus criteria for 
AE-IPF that required the exclusion of pulmo-
nary infection and other alternative causes 
for this disease by using such as bronchoal-
veolar lavage (BAL).9 However, in the clinic, 
it is difficult to determine the presence of 
alternative causes, in particular pulmonary 
infection. BAL is also not always useful for 
the determination of infection and may even 
worsen the clinical course. Accordingly, the 
clinical value of BAL is limited in the diag-
nosis of AE-IPF.10 11

Definite and suspected AE both show similar 
outcomes and are indistinguishable.4 More-
over, in patients with IPF, AE and acute respi-
ratory worsening induced by identified causes 
such as infection have the same effect on 
patient survival.12 For patients with such clin-
ical backgrounds, revised AE-IPF diagnostic 
criteria have been proposed.13 Meanwhile, 
an international working group proposed a 
revised definition and new diagnostic criteria 
for acute AE-IPF in 2016.6 Based on these 
criteria, AE-IPF may be diagnosed regardless 
of the presence or absence of a known trigger. 
In addition, AE-IPF can be further catego-
rised as triggered (T-AE) or idiopathic (I-AE), 
depending on whether an underlying trigger 
is found. However, the clinical characteristics 
of newly defined AE-IPF cases and the clinical 
differences between T-AE and I-AE are not 
well known.

http://bmjopenrespres.bmj.com/
https://www.brit-thoracic.org.uk/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjresp-2018-000342&domain=pdf&date_stamp=2018-010-09
http://dx.doi.org/10.1136/bmjresp-2018-000342
http://dx.doi.org/10.1136/bmjresp-2018-000342
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We retrospectively analysed newly defined AE-IPF cases 
admitted to a community teaching hospital over a 10-year 
period. The aim of this study was to describe the clinical 
characteristics of such newly defined AE-IPF cases and to 
identify any clinical differences between T-AE and I-AE.

Methods
We retrospectively analysed consecutive patients with 
AE-IPF admitted to our hospital from January 2008 to 
December 2017. Using clinical records, AE-IPF was diag-
nosed based on American Thoracic Society (ATS) 2016 
criteria: previous or concurrent diagnosis of IPF; acute 
worsening or development of dyspnoea of typically <1 
month duration; CT with new bilateral ground-glass 
opacity and/or consolidation superimposed on a back-
ground pattern consistent with a usual interstitial pneu-
monia pattern and deterioration not fully explained by 
cardiac failure or fluid overload.6

Pneumonia was defined as the presence of fever or a 
wet cough, an increased white blood cell (WBC) count or 
C reactive protein (CRP) level and the presence of a new 
focal infiltrate on chest imaging. IPF cases were diagnosed 
on the basis of 2011 diagnostic criteria for this disease.2 
All AE-IPF cases were categorised as either I-AE or T-AE 
depending on whether an underlying trigger was found. 
Baseline demographic data (age, sex, smoking status, 
comorbid lung cancer, home oxygen therapy, pulmo-
nary function tests and treatments before AE) and labo-
ratory data, vital signs, seasons on admission, treatments 
after AE and in-hospital outcomes were obtained from 
clinical records. The administration of azithromycin was 
included in antibiotic therapy. However, azithromycin 
was also analysed separately from other antibacterial 
drugs since it has been shown to lower AE-IPF patient 
mortality.14 The triggers were divided into the categories 
of infection, postprocedural/postoperative, drug, aspira-
tion and others. The conditions for a postprocedural AE 
were defined as: (1) induced by bronchoscopy or percu-
taneous procedure and (2) onset within 1 month after 
the procedure. The conditions for a postoperative AE 
were defined as: (1) induced by an operation performed 
in an operating room and (2) onset within 2 months after 
the operation. The conditions for a drug-induced AE 
were defined as: (1) administration of a causative drug; 
(2) presence of previous reports about a drug-induced 
lung injury and (3) onset within 1 month after the last 
drug administration. We allowed longer periods for the 
onset of an AE under the conditions of a postoperative 
AE because the operation was more invasive.

Seasons were defined as follows: spring (March–
May), summer (June–August), autumn (September–
November) and winter (December–February).

Subsequently, we divided patients with AE-IPF into 
survivors (patients who were discharged) and non-sur-
vivors (patients who died in hospital) and identified 
predictors of in-hospital deaths. In subgroup analysis, 
we divided patients with I-AE or T-AE into survivors and 

non-survivors and identified their respective predictors 
of in-hospital deaths.

Finally, long-term outcomes in AE-IPF, I-AE and T-AE 
groups, respectively, were analysed. In cases of patients 
who required more than one episode of hospitalisation 
for AE-IPF during the study period, their survival times 
were calculated from the date of their first hospitalisation.

Statistics
All statistical analyses were performed using JMP software 
package V.13 (SAS, Cary, North Carolina, USA). Contin-
uous variables were compared using unpaired t-test 
and Mann–Whitney U test. Categorical variables were 
compared using χ² and Fisher’s exact tests. Multivariate 
logistic regression analysis was used to determine inde-
pendent predictors of in-hospital deaths and to obtain 
ORs adjusted for possible confounding factors by univar-
iate analysis (p<0.05). The 95% CI for each OR was calcu-
lated. Statistical significance was determined from the 
95% CI, not including 1.00 for logistic analysis. Survival 
curves were drawn using Kaplan-Meier estimates and 
compared with the log-rank test. P<0.05 were considered 
significant.

Results
We identified 321 cases with IPF admitted to our hospital 
during the study period. Of these 321 IPF admissions, 64 
cases (57 unique patients) represented AE-IPF. The other 
cases were admitted for the examination or treatment 
of lung cancer (n=64), pneumonia (n=56), pulmonary 
rehabilitation (n=32), natural course (n=30), provision 
of home oxygen therapy (n=15), other infection (n=14), 
examination for IPF (n=13), treatment for IPF (n=10) or 
others (n=23; figure 1). The AE-IPF cases consisted of 54 
males (84.4%) and 10 females (15.6%) with a mean age 
of 76.3 years (range: 60–95 years). Five patients experi-
enced more than one episode of AE-IPF: four patients 
endured two episodes and one patient four episodes. Of 
57 unique patients, nine had not been previously diag-
nosed with IPF until AE-IPF occurred. For all AE-IPF 
cases, patient backgrounds, vital signs, laboratory data 
at AE, treatments after AE and in-hospital outcomes 
are shown in table  1. Pulmonary function tests were 
performed a median of 109 days before AE-IPF. Sixteen 
comorbid lung cancer cases consisted of six adenocar-
cinomas, five squamous cell carcinomas, one adenocar-
cinoma and squamous cell carcinoma, one small cell 
carcinoma and three histologically unknown. Of the 16, 
5 cases were under anticancer therapy: 1 each for carbo-
platin (CBDCA) and pemetrexed (PEM), CBDCA and 
paclitaxel, CBDCA and etoposide, PEM and bevacizumab 
and erlotinib, respectively.

Of the 64 cases, 42 were I-AE cases and 22 were T-AE 
cases depending on whether a trigger was found. The 
details of the 22 triggers were follows: 7 postprocedural/
postoperative cases, 6 infection, 5 drug, 1 infection and 
drug, 1 aspiration and 2 others (figure 1). Of the seven 
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Figure 1  Case selection chart. AE-IPF, acute exacerbation of idiopathic pulmonary fibrosis; HOT, home oxygen therapy; IPF, 
idiopathic pulmonary fibrosis.

postprocedural/postoperative cases, two were triggered 
by pulmonary resection for lung cancer, two each by 
surgical treatment for a pneumothorax or bronchoscopy, 
respectively and one by an operation for a fracture of the 
femoral neck. The six infection-induced AE-IPF cases 
consisted of pneumonia (n=4), cholecystitis (n=1) and 
enteritis (n=1). Of the five drug-induced cases, four were 
induced by anticancer drugs (three cytotoxic chemother-
apies and one erlotinib) and one by influenza vaccine. In 
one case, a patient undergoing anticancer therapy devel-
oped a lung abscess and an AE occurred soon after. The 
other two cases were due to an acute myocardial infarc-
tion and hepatitis.

Of all AE-IPF cases, 15 occurred in spring, 14 in summer, 
15 in autumn and 20 in winter (figure 2). I-AE occurred 
more frequently in winter: 8 in spring, 8 in summer, 10 
autumn and 16 in winter. However, T-AE did not show 
seasonality: 7 in spring, 6 in summer, 5 in autumn and 4 
in winter (figure 2).

Comparisons of the characteristics of I-AE and T-AE 
groups are shown in table 1. In the I-AE group, signifi-
cantly more patients received corticosteroid therapies 
before AE and fewer patients had lung cancer than in the 
T-AE group. The I-AE group showed a significantly lower 
partial pressure of arterial oxygen (PaO2) to inspired 
oxygen (FiO2) ratio (P/F) at the time of an AE than the 
T-AE group (p=0.04). The two groups displayed a signif-
icant difference in smoking status (p=0.0048). However, 
the two groups did not show significant differences in 
age, sex, home oxygen therapy, pulmonary function 
tests, laboratory data, vital signs, treatments after AE and 
in-hospital mortality.

Comparisons of the characteristics of non-survivors 
and survivors in AE-IPF are shown in table 2. Thirty-five 
non-survivors showed a median survival time of 24 days 
(range: 2–119 days). Almost all these patients died due 
to AE-IPF, except one who died suddenly 7 days after 
surgery for an intestinal perforation in spite of his stable 

respiratory status. Non-survivors showed significantly 
higher WBC counts (p=0.01), CRP levels (p=0.006) and 
antibiotic therapy rates, and a lower haemoglobin (Hb) 
level (p=0.003) than survivors. The two groups did not 
show significant differences in age, sex, home oxygen 
therapy, pulmonary function tests, laboratory data, vital 
signs and treatments before AE.

After comparing characteristics between non-survi-
vors and survivors in AE-IPF, WBC, Hb, CRP, antibiotic 
therapy, age and P/F were included in multivariate 
logistic regression analysis. In general, age is considered 
a possible confounding factor with various parameters, 
and the P/F ratio has previously been reported as one 
of the predictors.15–17 Consequently, the WBC count (OR 
1.38; 95% CI 1.04–1.83, p=0.03) and Hb level (OR 0.51; 
95% CI 0.30 to 0.85, p=0.01) were identified as indepen-
dent predictors of in-hospital deaths in AE-IPF (online 
supplementary table 1).

Similarly, we divided patients with I-AE and T-AE, 
respectively, into survivors and non-survivors and iden-
tified their respective predictors of in-hospital deaths 
(online supplementary tables 2–4). In the I-AE group, 
non-survivors showed higher WBC counts (p=0.03), 
blood urea nitrogen (BUN; p=0.04), CRP levels (p<0.01) 
and antibiotic therapy rates (p=0.03) and lower Hb 
levels (p=0.01) and P/F (p=0.02) than survivors (online 
supplementary table 2). WBC, Hb, BUN, CRP and anti-
biotic therapy were detected as possible confounding 
factors by univariate analysis; age and P/F were included 
in multivariate logistic regression analysis. Consequently, 
the WBC count (OR 1.87; 95% CI 1.09 to 4.95; p=0.01) 
and Hb level (OR 0.26; 95% CI 0.04 to 0.78; p=0.01) 
were also identified as independent predictors of in-hos-
pital deaths in I-AE (online supplementary table 3). In 
contrast, in the T-AE group, a significant difference in 
the characteristics of non-survivors and survivors was 
not found (online supplementary table 4); predictors of 
in-hospital deaths were not identified.

https://dx.doi.org/10.1136/bmjresp-2018-000342
https://dx.doi.org/10.1136/bmjresp-2018-000342
https://dx.doi.org/10.1136/bmjresp-2018-000342
https://dx.doi.org/10.1136/bmjresp-2018-000342
https://dx.doi.org/10.1136/bmjresp-2018-000342
https://dx.doi.org/10.1136/bmjresp-2018-000342
https://dx.doi.org/10.1136/bmjresp-2018-000342
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Table 1  Comparison of patients’ characteristics in idiopathic and triggered groups in AE-IPF

Total (n=64) Idiopathic (n=42) Triggered (n=22) P values

Gender (Male) 54 (84.4) 34 (81.0) 20 (90.9) 0.47

Age at AE-IPF (years) 76.3±6.9 77.0±6.5 74.9±7.6 0.25

Smoking status (current/ex/never) 7/53/4 1/37/4 6/16/0 0.0048

Comorbid lung cancer 16 (25.0) 3 (7.1) 13 (59.1) <0.001

Home oxygen therapy 26 (40.6) 19 (45.2) 7 (31.8) 0.30

Pulmonary function tests 

 � VC 2.0±0.8 (n=35) 2.1±0.8 (n=20) 2.0±0.8 (n=15) 0.66

 � VC 62.4±19.0 (n=35) 64.3±19.1 (n=20) 59.8±19.3 (n=15) 0.49

 � FVC 2.0±0.7 (n=39) 2.0±0.6 (n=24) 2.0±0.7 (n=15) 0.81

 � FVC 64.4±20.9 (n=39) 65.8±22.8 (n=24) 62.2±17.8 (n=15) 0.61

 � FEV1 1.7±0.6 (n=39) 1.7±0.6 (n=24) 1.7±0.7 (n=15) 0.92

Treatments before AE-IPF 

 � Corticosteroid 16 (25.0) 15 (35.7) 1 (4.5) 0.01

 � Immunosuppressive therapy 2 (3.1) 1 (2.4) 1 (4.5) 1.00

 � Anti-fibrotic therapy 8 (12.7) 6 (14.3) 2 (9.1) 0.70

 � PPI or H2B 19 (29.7) 15 (35.7) 4 (18.2) 0.16

Vital signs 

 � PaO2/FiO2 190.0±125.1 160.0±73.7 (n=28) 236.7±170.2 (n=18) 0.04

 � Systolic blood pressure (mm Hg) 128.0±23.0 126.2±21.4 131.5±25.8 0.38

 � Pulse (/min) 98.1±20.9 96.5±22.7 101.2±16.9 0.39

 � Body temperature (°C) 37.0±0.6 37.0±0.6 36.9±0.5 0.30

Laboratory data 

 � WBC (/µL) 11075.6±4530.6 10745.0±4114.9 11706.8±5280.6 0.42

 � Hb (g/dL) 12.7±2.1 12.7±2.1 12.8±2.3 0.86

 � Plt (×104/µL) 23.5±8.6 23.5±8.5 23.4±9.2 0.97

 � TP (g/dL) 7.2±0.9 7.3±0.96 7.1±0.8 0.38

 � LDH (U/L) 385.1±167.0 373.6±113.9 407.2±239.9 0.45

 � BUN (mg/dL) 19.4±13.6 18.1±11.0 21.7±17.5 0.32

 � Cre (mg/dL) 0.9±0.6 0.9±0.7 0.9±0.5 0.86

 � CRP (mg/dL) 10.1±7.8 8.8±7.0 12.7±8.8 0.06

 � KL-6 (U/mL) 1425.4±1004.8 (n=58) 1502.5±993.2 (n=40) 1254.1±1037.8 (n=18) 0.39

 � SP-D (ng/mL) 374.7±373.4 (n=45) 388.7±412.5 (n=32) 340.3±264.7 (n=13) 0.70

 � BAL performed 4 (6.3) 3 (7.1) 1 (4.5) 1.00

Treatments after AE-IPF 

 � Intravenous high-dose steroids 42 (65.6) 31 (73.8) 11 (50) 0.06

 � Antibiotic therapy 52 (81.3) 32 (76.2) 20 (90.9) 0.19

 � Azithromycin 12 (18.8) 9 (21.4) 3 (13.6) 0.52

 � Mechanical ventilation 2 (3.1) 0 2 (9.1) 0.11

 � Length of hospital stay, median (range; 
days)

27.5 (2–119) 26 (2–91) 28 (3–119) 0.46

 � In-hospital death 35 (54.7) 22 (52.4) 13 (59.1) 0.61

Data are presented as a number (%) or mean±SD unless otherwise specified.
AE-IPF, acute exacerbation of idiopathic pulmonary fibrosis; BAL, bronchoalveolar lavage; BUN, blood urea nitrogen; CRP, C reactive protein; 
Cre, creatinine; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; FiO2, fraction of inspired oxygen; H2B, H2 blocker; Hb, 
haemoglobin; KL-6, Krebs von den Lungen-6; LDH, lactate dehydrogenase; PPI, proton pump inhibitor; PaO2, partial pressure of arterial 
oxygen; Plt, platelets.



Yamazoe M, Tomioka H. BMJ Open Resp Res 2018;5:e000342. doi:10.1136/bmjresp-2018-000342 5

Open access

Figure 2  Seasonal variation in the occurrence of AE-IPF. 
AE-IPF, acute exacerbation of idiopathic pulmonary fibrosis.

Finally, Kaplan-Meier survival curves of AE-IPF, I-AE 
and T-AE are shown in figure  3. A significant differ-
ence in overall survival between I-AE and T-AE was 
not found. With regard to causes of death, 42 patients 
died of IPF, 3 of lung cancer, 1 of pneumonia and 1 of 
cholangiocarcinoma.

Discussion
Some patients with IPF experience AE-IPF, which has a 
poor prognosis, a median survival of 3–4 months4 5 and is 
a main cause of death.6–8 Definite and suspected AE both 
show similar outcomes4 so that revised AE-IPF diagnostic 
criteria have been proposed regardless of the presence 
or absence of a trigger.13 However, the clinical character-
istics of newly defined AE-IPF cases and the clinical differ-
ences between T-AE and I-AE are unclear.

We retrospectively investigated 64 AE-IPF cases, of 
which 42 were I-AE and 22 were T-AE. The two types of 
IPF cases, I-AE and T-AE, did not show differences in 
both in-hospital and long-term outcomes. As for season-
ality, I-AE occurred more frequently in winter. In the I-AE 
group, significantly more patients received corticosteroid 
therapy before an AE and fewer patients had lung cancer 
than in the T-AE group. In addition, the WBC count and 
Hb level at the time of an AE were identified as indepen-
dent predictors of in-hospital deaths in AE-IPF and I-AE.

In this study, triggers were divided into the categories 
of infection, postprocedural/postoperative, drug, aspira-
tion and others according to ATS guidelines. However, 
because the guidelines have an unclear definition of 
each trigger, a level of uncertainty still remains in deter-
mining whether infection induces AE-IPF. In this study, 
we regarded only those AE cases where infection was 
certain, as determined by each patient’s clinical course 
and radiological imaging, as infection-induced AE.

Significant differences between I-AE and T-AE groups 
were not observed for both in-hospital mortality and 
overall survival. The in-hospital mortality of I-AE (52.4%) 
was similar to the mortality of AE-IPF (upward of 50% 
and 56.9%, respectively), for which infection was ruled 
out clinically.5 15 Kishaba et al also conducted a retrospec-
tive study using ATS 2016 AE-IPF criteria.16 They found 

that patients with I-AE and T-AE did not show a signifi-
cant difference in survival, although patients with T-AE 
tended to have a shorter mean survival (1.4 months vs 
11.4 months, p=0.094).16 This survival result is compat-
ible with our study result in that I-AE and T-AE groups 
did not show different outcomes.

As previously mentioned, most of the T-AE cases were 
induced by examinations and therapies for lung cancer; 
T-AE, therefore, had previously been excluded from 
AE-IPF. However, our study showed that T-AE did not 
differ from I-AE in terms of a prognosis. In addition, 
in a clinical setting, performing BAL in patients with 
AE-IPF is often difficult because of their severe respira-
tory condition.

Considering the prognostic similarity between I-AE 
and T-AE and the wider applicability attributed to the 
lack of requirement for a BAL, the validity of the newly 
defined criteria that included T-AE in AE-IPF was high-
lighted.In the I-AE group, significantly more patients 
received corticosteroid therapy before the onset of an AE 
while fewer patients had lung cancer than in the T-AE 
group. In the past, corticosteroids and immunosuppres-
sants have been administered to patients with stable IPF. 
However, in recent years, IPF is thought to be a disease 
that is associated more closely with abnormal wound 
healing rather than with inflammation,17 for which 
corticosteroid monotherapy does not provide a clinical 
benefit.18 The 2015 ATS/ERS/JRS/ALAT guidelines 
recommend avoiding combination therapy with azathi-
oprine, prednisone and N-acetylcysteine for IPF.19 In 
recent years, we have also preferred to avoid corticoste-
roid use for stable IPF since corticosteroid therapy may 
be a risk factor for an AE. Atkins et al reported that lower 
respiratory tract infections occurred more frequently in 
low-dose prednisolone users and that an AE occurred 
more frequently in patients receiving immunosuppres-
sion therapy, including steroids.20 Papiris et al stated that 
AE was induced by bacterial infection and steroids and 
that other immunosuppressants may be risk factors for 
AE.21

In the T-AE group, significantly more patients (59.1%) 
had lung cancer than in the I-AE group (7.1%). Examina-
tions, operations and anticancer drug therapies for lung 
cancer make up most of the AE-IPF triggers. In patients 
with IPF, developing lung cancer was a serious event in 
the induction of AE-IPF. Sato et al reported that in lung 
cancer surgery, an AE occurred in 9.3% of patients with 
IPF, who subsequently showed a mortality rate of 43.9%.22 
Further, anticancer therapy was also reported to induce 
an AE, that is, chemotherapy-induced AE of IPF.23 24

I-AE occurred more frequently in winter. In previous 
reports, AE-IPF based on the old diagnostic criteria also 
occurred more frequently in winter as well as spring.4 25 
Although the reason for this seasonality remains unclear, 
one possible explanation is that an unidentifiable viral 
infection may play a role in the occurrence of an AE. 26 27 
In this study, AE cases that were induced by obvious infec-
tion were classified as T-AE. However, cases induced by an 
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Table 2  Comparison of patients' characteristics of survivors and non-survivors in AE-IPF

Survivors (n=29) Non-survivors (n=35) P values

Gender (Male) 25 (86.2) 29 (82.9) 1.00

Age at AE-IPF (years) 76.6±5.3 76.1±8.1 0.78

Smoking status (current/ex/non) 2/26/1 5/27/3 0.42

Comorbid lung cancer 4 (13.8) 12 (34.3) 0.08

Home oxygen therapy 13 (44.8) 13 (37.1) 0.39

Pulmonary function test 

 � VC 2.2±0.9 (n=17) 1.9±0.7 (n=18) 0.44

 � %VC 66.0±19.8 (n=17) 59.1±18.1 (n=18) 0.29

 � FVC 2.0±0.6 (n=19) 2.0±0.7 (n=20) 0.83

 � FVC 66.2±22.6 (n=19) 62.7±19.4 (n=20) 0.60

 � FEV1 1.7±0.7 n=19 1.7±0.6 n=20 0.94

Treatments before AE-IPF 

 � Corticosteroid 7 (24.1) 9 (25.7) 0.88

 � Immunosuppressive therapy 1 (3.4) 1 (2.9) 1.00

 � Anti-fibrotic therapy 3 (10.3) 5 (14.3) 0.72

 � PPI or H2B 8 (27.6) 11 (31.4) 0.74

Vital signs 

 � PaO2/FiO2 220.7±100.0 (n=21) 164.2±139.5 (n=25) 0.13

 � Systolic blood pressure (mm Hg) 132.0±23.6 124.7±22.2 0.21

 � Pulse (/min) 98.1±18.7 98.2±22.8 0.98

 � Body temperature (°C) 37.0±0.6 36.9±0.6 0.41

Laboratory data 

 � WBC (/µL) 9511.7±3365.0 12371.4±4989.5 0.01

 � Hb (g/dL) 13.5±1.8 12.0±2.1 0.003

 � Plt (×104/µL) 22.4±8.7 24.3±8.6 0.38

 � TP (g/dL) 7.3±0.9 7.1±1.0 0.29

 � LDH (U/L) 355.2±110.0 410.0±200.8 0.19

 � BUN (mg/dL) 16.3±7.3 22.0±16.8 0.10

 � Cre (mg/dL) 0.8±0.3 0.9±0.8 0.36

 � CRP (mg/dL) 7.2±6.5 12.5±8.1 0.006

 � KL-6 (U/mL) 1606.6±123.4 (n=26) 1278.2±786.7 (n=32) 0.22

 � SP-D (ng/mL) 311.9±206.6 (n=22) 434.8±480.1 (n=23) 0.27

Treatments after AE-IPF 

 � Intravenous high-dose steroids 18 (62.1) 24 (68.6) 0.59

 � Antibiotic therapy 20 (69.0) 32 (91.4) 0.03

 � Azithromycin 7 (24.1) 5 (14.3) 0.35

Length of survival time, median (days) (range) NE 24 (2–119) NE

Data are presented as a number (%) or mean±SD unless otherwise specified.
AE-IPF, acute exacerbation of idiopathic pulmonary fibrosis; BUN, blood urea nitrogen; CRP, C reactive protein; Cre, creatinine; FEV1, 
forced expiratory volume in 1 s; FVC, forced vital capacity; H2B, H2 blocker; Hb, haemoglobin; KL-6, Krebs von den Lungen-6; LDH, lactate 
dehydrogenase; NE, not evaluable; PPI, proton pump inhibitor; PaO2, partial pressure of arterial oxygen; Plt, platelets; SP-D, surfactant 
protein D; TP, total protein; VC, vital capacity; WBC, white blood cell count.

unidentifiable infection may have been included in I-AE. 
In contrast, T-AE did not show seasonality. One reason 
is that, as mentioned above, most of the T-AE occurred 
during examinations or treatments for lung cancer.

The I-AE group showed a significantly lower P/F ratio 
at the time of an AE than the T-AE group. However, causes 
for the P/F ratio difference between the two groups were 
not determined.
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Figure 3  Survival after hospitalisation, idiopathic AE 
versus triggered AE. AE, acute exacerbation.

A high WBC count and low Hb level associated with an 
AE were identified as independent predictors of in-hos-
pital deaths both for AE-IPF and I-AE. Although prognostic 
predictors in newly defined AE-IPF are not well known, 
several prognostic factors have been identified in AE-IPF in 
previous studies. Such predictors include CRP,5 Krebs von 
den Lungen-6 (KL-6),15 lactate dehydrogenase (LDH),15 
25 P/F,15 28 baseline forced vital capacity (FVC),25 diffusing 
capacity of the lung for carbon monoxide,25 time between 
admission and initiation of treatment,25 an Acute Physi-
ology and Chronic Health Evaluation II score14 and azithro-
mycin therapy.14 Song et al suggested that since CRP levels 
were a prognostic factor of AE-IPF, this implied that inflam-
mation may be a pathogenic mechanism contributing 
to AE-IPF.5 The WBC count is considered to reflect the 
severity of inflammation of AE-IPF, similar to CRP. More-
over, we identified a low Hb level as a predictor of in-hos-
pital deaths. However, the reason for this result remains 
unknown. Kishiba et al identified LDH on admission, the 
difference in LDH levels between admission and after 2 
weeks andthe P/F ratio as predictors of 90-day mortality 
from the onset of AE-IPF based on the new criteria.16 

This study has several limitations. First, our study is retro-
spective and therefore subject to the recognised limitations 
of such a study design, including bias and incomplete data. 
For example, we had inadequate data on P/F and KL-6 
values in AE-IPF and pulmonary function results such as 
FVC. Such variables are predictors of AE-IPF mortality15 25 28 
and their deficits may have influenced our study results. 
However, pulmonary function tests are not often performed 
before an AE-IPF because IPF is sometimes not diagnosed 
until AE-IPF occurs. Second, we did not investigate high-res-
olution CT patterns in AE-IPF. This is important since Akira 
et al classified newly developing pulmonary opacities into 
peripheral, multifocal and diffuse patterns and found that 
survival was worse in patients with a diffuse type than in 
those with multifocal and peripheral patterns.29

Conclusion
We retrospectively analysed data on patients with AE-IPF 
from a 10-year period, classifying these as either I-AE 
and T-AE. Differences in both in-hospital and long-term 

outcomes were not found between I-AE and T-AE. The 
WBC count and Hb level were found useful in predicting 
in-hospital outcome in AE-IPF and I-AE. Newly defined 
criteria for AE-IPF were also suggested to be valid. However, 
a prospective validation study is needed to confirm our 
results concerning newly defined AE-IPF.
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