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Impact of AE-IPF

• Most common cause of 

mortality in IPF

• In-hospital mortality: 

50%

• ICU mortality:80-90%

• Median survival: 2.2 

months

Cancer

AE

AE

AE

AE

AE

AE



Importance of AE-IPF

Respiration 2020; 99: 73-82

Risk of mortality (TOMORROW, INPULSIS, CAPACITY and ASCEND trial)



Definition and Diagnosis

AJRCCM2016: 194; 275



Definition and Diagnosis



Definition and Diagnosis

Retrospective single center

107 IPF / AE 39  

Triggered 10 vs Idiopathic 29

The 90days survival rate

T-AE: 60% vs I-AE: 45% 

CRP – only differed



Definition and Diagnosis

Retrospective single center

321 IPF (Biopsy proven) / AE 57  

No difference in survival

Not prognosis

Find and Treat the reversible 

cause !



Pathogenesis
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Pathogenesis

inflammation



Pathogenesis

Non-
inflammatory

(Chronic)



Pathogenesis



Pathogenesis

Excessive inflammatory/pro-fibrotic cytokine/chemokine



Diagnostic procedures

ERJ 2020; 55: 1901760

International Expert Survey in 2017

509 pulmonologists from 66 countries 

(Europe – 42.6%, Asia – 26.7%, North America – 11.2%, Australia – 4.9%, Africa – 1%)



CASE



X-ray

2 주전 ER

필요한 검사는?



CT chest

2 주전 ER



CT chest

2 주전 ER
French (CT angiography)

ATS (HRCT)



Incidence (Japan)

Respiratory Investigation 60 (2018) 798-805

Retrospective study from 2008 to 2019

A Japanese claims database (9961 IPF and 2629 AE patients)



Incidence (Japan)

Respiratory Investigation 60 (2018) 798-805

Retrospective study from 2008 to 2019

A Japanese claims database (9961 IPF and 2629 AE patients)



Incidence (KICO registry 2016-2022)

Characteristic Overall AE (+) AE (-) P-value

All patients 678(100.0) 165(24.3) 513(75.7)

Male 556(82.0) 137(83.0) 419(81.7) .6943

Age, year 69.37±8.23 69.40±8.02 69.37±8.30 .9641

BMI, Kg/m2 24.48±3.16 24.39±3.52 24.52±3.05 .3332

Malignancy 67(9.9) 23(13.9) 44(8.6) .0453

PFT

FVC, % predicted 85.88±17.51 79.75±17.99 87.85±16.90 <.0012

DLco, % predicted 61.10±20.57 50.05±17.81 64.64±20.15 <.0012

Six-minute walk test

Distance, m 403.95±111.38 370.60±116.78 414.98±107.42 <.0012

Nadir SpO2 90.09±6.57 87.04±7.46 91.10±5.92 <.0012

Home oxygen

Yes 99(16.2) 64(40.3) 35(7.7) <.0013
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Incidence (KICO registry 2016-2022)

급성악화

급성악화가 발생한 월
1 29 (11.8 %)

2 16 (6.5 %)

3 24 (9.8 %)

4 19 (7.8 %)

5 15 (6.1 %)

6 30 (12.2 %)

7 28 (11.4 %)

8 16 (6.5 %)

9 15 (6.1 %)

10 16 (6.5 %)

11 18 (7.3 %)

12 19 (7.8 %)

급성악화가 발생한 계절
봄 23.7 %

여름 30.25 %

가을 20.0 %

겨울 26.1 %

Annual Incidence, %

2016 5.6%

2017 5.7%

2018 11.2%

2019 12.3%

2020 5.3%



Risk factors

• Advanced disease (FVC ↓, Dlco ↓ and 6MWT distance ↓)

• Pulmonary hypertension

• Poor baseline oxygenation

• Increased dyspnea

• Recent decline in FVC

• Emphysema

• Prior history of AE

• Increase level of KL-6

• Extent of GGO and fibrosis on HRCT at baseline



New risk prediction model (KICO registry)

Variable
Univariate analysis Multivariate analysis*

OR 95% CI P-value OR 95% CI P-value

Pulmonary function test

FVC, % predicted 0.967 0.955-0.978 <.001 0.980 0.958-1.003 .085

FEV1/FVC, % predicted 1.018 1.007-1.030 .002 0.993 0.976-1.011 .448

DLco, % predicted 0.959 0.949-0.970 <.001 0.990 0.972-1.009 .303

Six-minute walk test

Distance, m 0.997 0.995-0.998 <.001 0.997 0.995-1.000 .045

Home oxygen 8.065 5.049-12.883 <.001 4.961 2.515-9.785 <.001



New risk prediction model (KICO registry)
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New risk prediction model (KICO registry)

급성악화
Stage Overall Yes (n=135) P

I 394(100.0) 67 (17.0 %) <.001

II 88(100.0) 49 (55.7 %)

III 25(100.0) 19 (76.0 %)

KICO data

중요성 !



Preventive strategies

ERJ 2020; 55: 1901760

International Expert Survey in 2017

509 pulmonologists from 66 countries 

(Europe – 42.6%, Asia – 26.7%, North America – 11.2%, Australia – 4.9%, Africa – 1%)



Prevention - Antifibrotics

CHEST 2021; 160(5): 1751-1763



Prevention - Antifibrotics

CHEST 2021; 160(5): 1751-1763



Prevention - Antifibrotics

CHEST 2021; 160(5): 1751-1763

❖ Antifibrotic mechanism for decreasing risk of 

AE in IPF – still unclear

• Chronic – pathogenesis of IPF

• Lower FVC → known risk factor for FVC

• Antifibrotics → might be implicated in the 

down-regulation of proinflammatory cytokine



Treatment

ATS 2022

(2011 ATS guideline)

The majority of patients with AE of IPF should be treated with corticosteroids, 

but corticosteroids may not be reasonable in minority (weak, very low)

(2022 ATS guideline)



Role of steroid (Hypothesis)

ERJ  Open Res 2020;6:00261

Without AE With AE

UIP
only

UIP
only



Immunosuppressive therapy

• Hypothesis: anti-inflammatory effect

• Cyclophosphamide (alkylating agent): 세포 및 체액면역 억제

• Double-blind, placebo-controlled trial in France from 2016 to 2018

• IV pulse of cyclophosphamide vs Placebo on mPD 10mg/kg for 3days

• 60 CYC or 59 Placebo enrolled (52% severe IPF)

• Primary endpoint – 3month all-cause mortality

• Safety profile

Lancet Respir Med 2022;10:26-34



Immunosuppressive therapy

• Consistent with the result of PANTHER study

• No difference in the incidence of all infectious-related serious adverse events

→ Cyclophosphamide might have a deleterious effect on the progression of fibrosis in 

IPF

→ CYC might increase the susceptibility of the pulmonary epithelium to injury or alter 

the microbiome in a negative way

Lancet Respir Med 2022;10:26-34



Treatment – PMX-DHP

• Direct hemoperfusion with the polymixin B-immobilized fiber 

column

• Removal of endotoxin, decrease of vascular permeability, removal 

of inflammatory/profibrotic cytokine



Treatment – PMX-DHP

BMC pulmonary Medicine (2015) 15: 15



Treatment - Thrombomodulin

• Hypothesis: anti-coagulant effect → ameliorate pulmonary 

microcirculatory disorder associate with thrombus formation

• Double-blind, randomized, placebo-controlled trial in Japan from 2016 to 2018

• Thrombomodulin  for 14days vs Placebo on mPD 500mg-1000mg and tapering dose

• 40 Thrombomodulin or 37 Placebo enrolled (52% severe IPF)

• Primary endpoint – survival proportion on day 90

• PF ratio / Safety profile

AJRCCM 2020;201(9) 1110: 1119
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AJRCCM 2020;201(9) 1110: 1119



Treatment – Trend (2008 – 2019 in Japan) 

Respiratory Investigation 60 (2022) 798-805



Treatment – ICU care

(2011)

The recommendation against mechanical ventilation in patients 

with respiratory failure due to IPF is weak; that is, mechanical 

ventilation should not be used in the majority of patients with IPF, 

but may be reasonable choice in a minority. 

( Based on an estimated 87% in-hospital mortality )



Treatment – ICU care

• IPF AE - structural lung disease and precipitating 

condition causing ARF might be irreversible and 

progressive

• Poor prognosis

• Mechanism: de-recruitment lung → the need of high 

PEEP and high MV flow → high risk of ventilatory 

induce lung injury (volu-trauma/baro-trauma) 

Apparato Respiration 2022; 203: 203-216



Treatment – ICU care

World Crit Care Med 2022 Jan 9; 11(1): 22-32

Early or Delay 

of MV care

Infection

Procedure 

Embolism



Treatment – ICU care

❖ Indication of MV care 

– Bridging for lung plantation (ECMO)

– Identified and reversible cause of AE-IPF

❖ Information offering and discussion in patients with high 

risk

❖ Early discussion for end of life care at diagnosis of acute 

exacerbation



Treatment – As early as possible

Intern Med 57:655-661



Treatment – As early as possible

Intern Med 57:655-661



Treatment – As early as possible

Intern Med 57:655-661



Mortality

Lung (2014) 192: 141-149

Retrospective, observational single-center study from 2001 to 2010 

594 IPF patients, 58 (9.8%) AE during 10-year observation period

In-hospital mortality – 56.9%, 3-months mortality – 63.8%



Mortality

Lung (2014) 192: 141-149



Mortality

Lung (2014) 192: 141-149

54.5%

80.6%



Prediction of mortality 

Scientific Reports (2022) 12: 1134
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Scientific Reports (2022) 12: 1134



Prediction of mortality 

Scientific Reports (2022) 12: 1134

7.7%

29.4%

54.8%

80.0%
AUC – 0.768



KL-6: Survival after AE in IPF



KL-6: Survival after AE in IPF

HR 12.5

Hospital mortality: 63.2 vs 6.1%



Mortality in KICO registry

• Mortality rate of AE-IPF: 36.4%

• Median survival period: 8.36 months

• Older age: independent risk factor for mortality in patients with AE-IPF



Summary

• Annual incidence – 10% (follow-up: 25%)

• Importance of AE

• Risk factors – advanced disease, hypoxemia, functional 

dependency, pul.HTN, history of AE…

• Prevention – vaccination, use of antifibrotics, PR

• Treatment – corticosteroid and others (if need), as early as 

possible

• Prevention (risk factors) >> Treatment > ICU care



감사합니다
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