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ILD School 
➢과거

- 2014년 “IPF 급성 악화의 진단 및 치료 “

- AJRCCM 2007:176. pp 636–643

- ~2014 저널

✓ IPF 에서 급성악화의 의미

✓ IPF 급성악화 위험인자, 예후

✓ IPF 급성악화 새 정의

✓ IPF 급성악화 치료

➢오늘

- 2015~2019 저널

- AE of IPF

: 새 정의 와 치료



Causes of death in patients with IPF

AJRCCM 2014 Oct 1;190(7):773-9. 

N=328/553 



Clinical courses of IPF

AJRCCM 2011 Feb 15;183(4):431-40



➢ Clinical manifestation

worsening of dyspnea over a few weeks and

new GGO on HRCT scan with a background of lower lobe 
fibrotic lung disease

➢ Diagnosis, HRCT technique

AJRCCM 2018: 198 (5), e44–e68

➢ acute exacerbation 



CT findings in the presence of an AE

AJRCCM 2018: 198 (5), e44–e68



A: dense, liver-like aspect 
of the lung, with 
reticulation on the surface

B. UIP pattern with 
honeycombing and cyctic
changes and DAD with 
hyperplastic pneumocityes

± hyaline membrane

Intern Emerg Med 2015; 10; 401-411

Chest. 2005 Nov;128(5):3310-5.

➢ Histopathologic pattern

or COP

Eur Respir J. 2006 Jan;27(1):143-50



Epidemiology of AE 

AJRCCM 2016;194(3):265-75

Evidence Reviews

Eur Respir J  2011  37:  356-363



Etiology of  AE

AJRCCM 2016;194(3):265-75

Intrinsic 
acceleration

DAD

** ↑Pepsin in BAL fluid
↑High GERD in AE
↓AE in Anti-acid drug

**

susceptible

*

* AE seasonality
↑AE in immunosuppresants



Risk Factors of AE
➢ Low FVC

➢ low DLCO 

➢ Low 6MWD  

➢ Pulmonary hypertension 

➢ poor baseline oxygenation

➢ increased dyspnea 

➢ Recent decline in FVC  

AJRCCM 2016;194(3):265-75

Evidence Reviews

➢physiologically and 
functionally advanced disease

➢comorbid coronary artery disease…..

➢higher BMI

➢Prior history of AE 

➢elevated serum level of Krebs von Lungen-6 (KL-6)



➢ lower baseline FVC and DLCO 

➢ more extensive CT abnormalities at the time of AE 

➢ Worse oxygenation

➢ BAL neutrophil and lymphocyte percentages

➢ LDH, CRP, KL-6, fibrocytes, HSP 70, Ferritin

➢ Dyspnea duration

➢ Treatment delay

Prognosis of AE

AJRCCM 2016;194(3):265-75

Evidence Reviews



AJRCCM 2007;176:636-643

2007 Definition and Diagnostic Criteria for AE of IPF 

Definite VS. Suspected AE



Respir Res. 2013 Jul 13;14:73

Definite AE 50% ≒ Suspected AE 46%



Respir Res. 2013 Jul 13;14:73



Comparison of Survival Curves between AE and 
Infection from onset of rapid deterioration

Eur Respi J  2011  37:  356-363 

IPF, N=461, 

AE=90 (19.5%), 

Infection 37 (8.0%)

No difference



Seasonality of AE 
in the INPULSIS trials of nintedanib

Eur Respir J 2017; 49: 1601339



Proposed classification of acute respiratory worsening in 
idiopathic pulmonary fibrosis (

IPF).

Eur Respir J 2015; 46: 243–249.



AJRCCM 2016;194(3):265-75

Database inception ~February 14, 2016



Proposed conceptual framework for evaluation of acute 
respiratory deterioration in IPF

AJRCCM 2016;194(3):265-75



Proposed Revised Definition and Diagnostic Criteria 
for AE of IPF 

AJRCCM 2016;194(3):265-75

#### Suspected AE ≤3 criteria owing to missing CT



2008-2017  JAPAN
Using new definition of AE

BMJ Open Resp Res 2018;5:e000342



BMJ Open Resp Res 2018;5:e000342



BMJ Open Resp Res 2018;5:e000342



BMJ Open Resp Res 2018;5:e000342



Management of AE

➢No proven, effective therapies for AE of IPF.

AJRCCM 2016;194(3):265-75

consider

➢ supportive care and unproven interventions.

Evidence Reviews



MV with ARF in IPF

Respir Med 2008;102:1355–1359

87% 3Mo. 
94%



Hospital Mortality in MV patients of AE-IPF by year

Respiratory Medicine 2016 :111; 72e76



Therapies for AE of IPF





Procalcitonin-Guided Antibiotic Use in AE of IPF

Ding et al. Int J Med Sci. 2013 May 20;10(7):903-7



Anti-acid therapy effect on AE  

0 vs. 9, p-value <0.01

Lancet Respir Med 2013;1: 369–76

AE

9

0

p<0.01



The initiation of corticosteroid pulse therapy

Intern Med 2018:57: 655-661

N=59
MPD, 500-1,000 mg/day for 3 days

late treatment ≥5 days; n=30

Early treatment <5 days; n=29

p<0.0001

may be an independent prognostic factor in IPF-AE



High-dose prednisolone: a significant predictor of 
good prognosis of AE-IPF without PPV

†High-dose PSL ≥0.6 mg/kg, after i.v. high-dose MPD  (0.5-1g/d, 3d)

Arai et al. Respirology (2017) 22, 1363–1370

AE-IPF=63



Efficacy of corticosteroid and intravenous 
cyclophosphamide in AE-IPF: A propensity score‐matched analysis

MPD 1g/d 1~3d
→PD 0.75-1mg/kg tapered /4weeks

0.1-0.2mg/kg maintenance

MPD 1g/d 1~3d
→PD 0.75-1mg/kg tapered /4weeks

0.1-0.2mg/kg maintenance

+
IVCY 500mg/m2 body surface area 
on 4th d, monthly, 7 times

VS

P = 0.57 by log-rank test

Respirology. 2019 Feb 25

Cyclophosphamide for AE IPF  (EXAFIP): NCT02460588: 
Recruiting, France



Sakamoto et al. Intern Med. 2010;49(2):109-15.

MPD 1g/d 1~3d
0.5-1.0mg/kg tapered /4weeks

MPD 1g/d 1~3d
0.5-1.0mg/kg tapered /4weeks

+
With CsA 100-150mg/d from 1 d

VS

Mean survival after AE 
502 days vs. 60 days



Horita et al. Intern Med 50: 189-195, 2011

MPD  1g/d 1~3d
→PD  1.0mg/kg 

reduce 10-20%/week 

MPD  1g/d 1~3d
500mg/d 4-5d
250mg/d 6-7d, 
125mg/d 8-9d

→PD  1.0mg/kg 
reduce 20%/week

+
Cont. infusion tacrolimus

target blood level 20ng/ml 5-14d
→Oral tacrolimus 5ng/ml

VS , N=5

N=10



Effect of Polymyxin B-immobilized Fiber Column 
(PMX) on P/F in Interstitial Pneumonia with AE:
a multicenter retrospective analysis; 160 IP patients (including 73 IPF)

Abe et al. Intern Med. 2012;51(12):1487-91

Hemoperfusin with PMX  1/d, 1-2d, 

80-100ml/min, femoral vein



Abe et al. Intern Med. 2012;51(12):1487-91



Steroid+Plasma exchanges (TPE) 
+rituximab in AEIPF

, N=11

Donahoe et al. Plos One 2015;10: e0127771

Steroid+TPE+rituximab +IVIG in AEIPF, N=4



Kataoka et al. Chest. 2015 Aug;148(2):436-443.

All patients MPD 1g/d 3days
→ tapering with cyclosporine 3mg/kd/d

0.06mg/kg/d, 1-6d



Concurrent treatments with high-dose corticosteroids in a 
rapid progression of respiratory failure (MV) IPF.

Oda et al. BMC Pulmonary Medicine (2016) 16:91

Prognostic factors for survival

0.001

0.033

high-dose corticosteroids: MPD >0.5g/d 



Nintedanib: Acute exacerbations
TOMORROW trial
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*p=0.02 vs placebo

Richeldi L, et al. NEJM 2011;365:1079–1087

N= 432, 150 mg of nintedanib twice a day vs. placebo 



Nintedanib 150 mg bid 

Placebo 

HR 0.53
(95% CI: 0.34, 0.83)

p=0.0047

Nintedanib 150 mg bid

(n=723)

Placebo 

(n=508)

Patients with ≥1 acute exacerbation, % 4.6 8.7

Richeldi et al. Respiratory Medicine 2016: 113:74-79

Time to first AE
in the TOMORROW and INPULSIS® trials



Mortality following onset of AE from INPULSIS trials

N (%) Investigator-reported 

AE

Adjudicated as confir

med or suspected AE

*

Adjudicated as not A

E†

Nintedanib 

(n=34)

Placebo 

(n=35)

Nintedanib 

(n=14)

Placebo 

(n=25)

Nintedanib 

(n=23)

Placebo

(n=13)

Mortality

30-day 7 (20.6) 14 (40.0) 3 (21.4) 9 (36.0) 4 (17.4) 5 (38.5)

90-day 10 (29.4) 15 (42.9) 5 (35.7) 12 (48.0) 6 (26.1) 7 (53.9)

180-day 12 (35.3) 20 (57.1) 6 (42.9) 15 (60.0) 7 (30.4) 7 (53.9)

*Analysis based on patients who had ≥1 confirmed or suspected acute exacerbation. †Analysis based on patients who had ≥1 
event that was adjudicated and all events adjudicated as not acute exacerbations.

Collard HR et al. Eur Respir J 2017;49:1601339



Azuma et al. Am J Respir Crit Care Med 2005; 171: 1040–1047 

Pirfenidone
dosage

high-dose
1,800 mg/day
N=108

low-dose
1,200 mg/day
N=55

Placebo
N=104

P

AE incidence 6 (5.6%), 3 (5.5%) 5 (4.8%) NS

Taniguchi H et. al. Eur Respir J. 2010 Apr;35(4):821-9



: ASCEND trial

Noble PW, et al. Lancet. 2011 May 21;377(9779):1760-9.

King TE Jr, et al. N Engl J Med. 2014 May 29;370(22):2083-92.

Noble PW, et al. Eur Respir J. 2016 Jan;47(1):243-53.

▪ Pooled data of CAPACITY(004, 006) and ASCEND trials



Complications

Surg Today. 2015 Oct;45(10):1263-70



Surg Today. 2015 Oct;45(10):1263-70

a reduction of the 
KL-6 levels



Surg Today. 2015 Oct;45(10):1263-70

Histopathological sections of specimens



Take Home Messeges

✓ AE-IPF mortality: high mortality rate

✓ New definition of AE-IPF

: idiopathic and triggered AE

: help conduct well designed clinical trials

✓ Therapies

: lack of evidence based therapy options

cf. steroid, CsA, CY, tacrolimus, rituximab, rhTM, PMX,    

antibiotics

✓ Prevention

cf. Nintedanib, Anti-acid, pirfenidone





Risk factors of AE-IPF

ERJ 2011  37:  356-363
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Eur Respir J. 2012 Jul;40(1):93-100



• AE was associated with high risk of 
subsequent AE and substantially decreased 
survival time.

Eur Respir J 2014;43:1124–1131 

HR 95% CI

Acute exacerbation 4.32 2.33-7.98

Decreased survival time 6.14 4.03-9.34



• Respir Investig 2015;53:271–278



Respiratory Medicine 2016: 113:74-79



Risk factor of AE 



Risk factors of AEIPF

Respir Res. 2013 Jul 13;14:73.

6MWD

FVC % pred.

DLCO, % pred.

PaO2

<0.001

0.03

<0.001
0.01

AE vs. Non AE

UCSD 0.03



Risk factors of AE-IPF

1)ERJ 2011  37:  356-363

0.979

2.51

4.32

6.14

0

1

2

3

4

5

6

7

FVC %prd.1) PH 2) AE 3) decr.ST 3)

HR for AE

AE Non AE

2)Eur Respir J. 2012 Jul;40(1):93-100

3)Eur Respir J 2014;43:1124–1131 



BMC Pulm Med. 2015 Dec 29;15:167



Sarcoidosis Vasc Diffuse Lung Dis 2010;27:103–110

Stepwise multivariate analysis with Cox proportional hazards regression models 
of predictors of acute exacerbation of idiopathic
pulmonary fibrosis



Prognosis of AE

AJRCCM 2016;194(3):265-75

Evidence Reviews



Intern Med 57: 655-661, 2018



N=461

ERJ 2011  37:  356-363; 



Respiration. 2012;83(1):28-35.



Prognosis of AE

Lung. 2014 Feb;192(1):141-9.



Lung. 2014 Feb;192(1):141-9.



Intern Med 57: 655-661, 2018



Respiratory Medicine 2016 :111; 72e76



PPT perioperative pirfenidone treatment

Surg Today. 2015 Oct;45(10):1263-70



Surg Today. 2015 Oct;45(10):1263-70

The surgical procedure

PPT perioperative pirfenidone treatment



AJRCCM 2016;194(3):265-75

Management of AE

• Little argument

➢supportive care, 
focused on 
palliation of   
symptoms and 
correction of 
hypoxemia with 
supplemental 
oxygen

• Debate

➢lengths to which 
supportive care 
should extend

: MV

Evidence Reviews



MV with ARF in IPF

Respir Med 2008;102:1355–1359

87% 3Mo. 
94%

➢ Discussion with patients and their caregivers 
regarding goals of care

➢ Decision is best made by the patient, clinician, and 
family ahead of time

➢ AJRCCM 2011: 183. pp 788–824



Higher serum ferritin may be related to a worse prognosis in 
patients with AE‐IPF.

Clin Respir J. 2018;12:2378–2389.



Front Med (Lausanne). 2017; 4: 176. 



Front Med (Lausanne). 2017; 4: 176. 



Lancet Respir Med 2013;1: 369–76



Management Considerations of AE

➢ Look carefully for extraparenchymal causes (e.g., 
pulmonary embolism, pneumothorax, pleural 
effusion)

➢Determine if there are radiologic features

:HRCT

➢Histopathologic features  

:TBLB, SLB

AJRCCM 2016;194(3):265-75

➢BAL, Bronchoscopic cryobiopsy



BMJ Open Resp Res 2018;5:e000342

Risk factors associated with in-hospital deaths in AE-IPF



Risk factors associated with in-hospital deaths in idiopathic 
group.

BMJ Open Resp Res 2018;5:e000342



Initial prednisolone dose ≥ 0.6 mg/kg is a 
good prognostic factor of AE-IIP 

multivariate Cox proportional hazard regression analysis, AE-IPF=63, AE-non-IPF=22

†High-dose PSL ≥0.6 mg/kg, after i.v. high-dose MPD  (0.5-1g/d, 3d)

Respirology (2017) 22, 1363–1370



Prognosis of AE

AJRCCM 2016;194(3):265-75

Evidence Reviews



IPF 사망의 46%가 AE에
의함

Respir Med. 2006 Mar;100(3):451-7

IPF, N=88



• Scanning to evaluate acute respiratory

worsening in a patient known to have ILD.

A second major goal is to detect new

ground-glass changes that raise the

probability of acute exacerbation.

AJRCCM 2018: 198 (5), e44–e68



• A subset of patients with previously occult 
IPF may present with an acute exacerbation, 
which is commonly characterized by a 
combination of a UIP pattern complicated by 
superimposed DAD± hyaline membranes.

AJRCCM 2018: 198 (5), e44–e68



a) UIP with patchy dense fibrosis and 
architectural destruction (right half). 

b) The AE in this case is manifested as 
organising pneumonia as seen in COP

Eur Respir J. 2006 Jan;27(1):143-50



Nintedanib 150 mg bid (n=638) Placebo (n=423)

Patients with ≥1 acute exacerbation, n (%) 31 (4.9) 32 (7.6)

HR 0.64 

(95% CI; 0.39, 1.05)

p=0.0823

Placebo

Nintedanib 150 mg bid

Time to first investigator-reported AE: 
INPULSIS® pooled data

Richeldi L, et al. N Engl J Med 2014;370:2071–2082.

N= 1061



Time to first adjudicated confirmed or suspected AE: 
INPULSIS® pooled data

Nintedanib 150 mg bid (n=638) Placebo (n=423)

Patients with ≥1 acute exacerbation, n (%) 12 (1.9) 24 (5.7)

Placebo

Nintedanib 150 mg bid

HR 0.32 

(95% CI; 0.16, 0.65)

p=0.0010

Richeldi L, et al. N Engl J Med 2014;370:2071–2082.


