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Today`s Table

• Personalized management of exacerbation

• Heterogeneity of AECOPD

• Sputum color, Sputum purulence, Sputum microbiome, blood eosinophil, and FeNO

• Personalized management of AECOPD

• Antibiotics 

• Systemic corticosteroid

• Comorbid condition: CHF, DD



What is personalized management?



Personalized means…

Gerontology



Definition of personalized medicine?

• “Therapeutic approach involving the use of an individual’s genetic and epigenetic 

information to tailor drug therapy or preventive care.” 

– Nature review

• “특정 질병에 대한 민감성 또는 특정 치료에 대한 반응에서 차이를 보이는 개인을

소집단으로 분류하여 집단에 속하는 개인별 특성을 고려한 의료” 

– 미 대통령 과학기술자문위원회



Personalized aspects of COPD: Heterogeneity

Agusti et al. Am J Respir Crit Care Med Vol 183. pp 1129–1137, 2011



Personalized aspects of COPD: History

Agusti A. Thorax 2014;69:857–864. doi:10.1136/thoraxjnl-2014-205507



Classic → Stratified → Personal

Agusti A. Thorax 2014;69:857–864. doi:10.1136/thoraxjnl-2014-205507



Personalized management of Exacerbation



Management of AECOPD

• Keys of AECOPD

• Bronchodilator

• Systemic corticosteroid

• Antibiotics

• Only to mod-severe AECOPD with increased cough and sputum prulence (GOLD guideline)

• Non-infectious cause: ~ 20%

↔ increase of mortality

↔ increase of multi-drug resistant pathogen

→ Understand of phenotypes in AECOPD 



Heterogeneity of AECOPD



AECOPD phenotype?

Zhou et al. International Journal of COPD 2017:12 1009–1018

• Etiology

• Bacteria (purulence, high CRP or PCT), virus (high IL-6, low CRP), environmental, unknown (1/3)

• Inflammatory: CRP, PCT, eosinophil, serum amyloid A, SP-D, fibrinogen etc.

• Comorbidity: Congestive heart failure, Diaphragm dysfunction etc.

• Frequent exacerbation



Heterogeneity of AECOPD: definition
Pauwels et al. Respiratory  Medicine  (2004)  98,99–107



The Anthonisen classification of AECOPD, 1987

Zhou et al. BC MEDICAL JOURNAL VOL. 50 NO. 3, APRIL 2008



Heterogeneity of AECOPD: biologic factors

Bafadhel et al. Am J Respir Crit Care Med  Vol 184. pp 662–671, 2011

Clustered by

• Bacteria- : positive on one of H.influenza, M.catarrhalis, S.pneumoniae, S.aureus, P.aeruginosa

aerobic CFU > 107cell

• Virus- : viral PCR (+)

• Sputum Eosinophilic- : 3%



Heterogeneity of AECOPD: biologic factors

Bafadhel et al. Am J Respir Crit Care Med  Vol 184. pp 662–671, 2011

Bacteria-
predominant

Eosinophil-
predominant

Virus-
predominant

Pauci-inflammatory



AECOPD classification - Sputum color/purulence



Sputum color chart



Sputum color chart – inflammation marker

Murray et al. Eur   Respir   J   August   2009   34:361–364;doi:10.1183

GOEMINNE et al. Respirology (2014)19, 203–210doi: 10.1111/resp.12219



Sputum color for bacterial AECOPD – reliable?

Allegra et al. Respiratory Medicine (2005) 99, 742–747



Sputum color for bacterial COPD: not reliable?

Daniels et al. Clinical Microbiology and Infection, Volume 16 Number 6, June 2010



Sputum color for bacterial AECOPD: Chronic bronchitis

Miravitlles et al. Eur Respir J 2012; 39: 1354–1360



Sputum color for bacterial AECOPD: Chronic bronchitis

Miravitlles et al. Eur Respir J 2012; 39: 1354–1360

H.influenzae S.pneumoniae M.catarrhalis H.parainfluenzae

S.aureus K.pneumoniae P.aeruginosa Haemophilus spp.



Sputum color for bacterial AECOPD: Chronic bronchitis

Miravitlles et al. Eur Respir J 2012; 39: 1354–1360

• Regression analyses of predicting the potential microorganism in sputum



Sputum purulence for bacterial AECOPD – Systematic review and meta-analysis

Chen et al. COPD: JOURNAL OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE 2020, VOL. 17, NO. 3, 311–317



Sputum purulence for bacterial AECOPD – Systematic review and meta-analysis

Chen et al. COPD: JOURNAL OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE 2020, VOL. 17, NO. 3, 311–317

• Forest plot of purulent versus mucoid sputum samples on sputum culture results.



Sputum purulence for bacterial AECOPD – Systematic review and meta-analysis

Chen et al. COPD: JOURNAL OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE 2020, VOL. 17, NO. 3, 311–317

• GOLD - Sputum purulence → antibiotics for acute exacerbations

• In this study, 

• Sputum purulence  - by visual assessment (subjectively or by a colored chart) 

→ green or yellow sputum

• Purulent vs. mucoid sputum: positive bacterial culture (RR = 2.14, 95%CI [1.25, 3.67], p = 0.006)

→ Supporting GOLD report



AECOPD classification - Sputum microbiome



Sputum microbiome in AE: by AE phenotype

H.R. KEIR ET AL. Eur Respir J 2020; 56: 2000391

Z. WANG ET AL. Eur Respir J 2016; 47: 1034–1036

α-diversity index

Types of AE
- 0=stable
- 1=bacterial exacerbation
- 2=eosinophilic exacerbation
- 3=viral exacerbation 

or unexplained exacerbation

Types of AE
- B=Bacteria, E=Eosinophilic, V=Viral, Pauci=Pauci-inflammatory



Sputum microbiome in AE: shifts during AE

Z. WANG ET AL. Eur Respir J 2016; 47: 1034–1036



Sputum microbiome in AE: shifts during AE

Z. WANG ET AL. Eur Respir J 2016; 47: 1034–1036



Sputum microbiome in AE: by medication

Z. WANG ET AL. Eur Respir J 2016; 47: 1034–1036



Sputum microbiome in AE: by inflammatory endotype

Wang et al. Am J Respir Crit Care Med Vol 203, Iss 12, pp 1488–1502, Jun 15, 2021

• Community grouped by inflammatory endotype: neutron-, eosino-, mixed-, pauci-

• Subgroup by dominant community microbiome type: Balanced-, Haemophillus-, Moraxella-, Strepto-



Sputum microbiome in AE: by inflammatory endotype

Wang et al. Am J Respir Crit Care Med Vol 203, Iss 12, pp 1488–1502, Jun 15, 2021

Dysbiosis at AE by subgroup



Sputum microbiome in AE: by inflammatory endotype

Wang et al. Am J Respir Crit Care Med Vol 203, Iss 12, pp 1488–1502, Jun 15, 2021



AECOPD classification – blood eosinophils



Stable blood eosinophil → Eosinophilic AE

Kang et al. BMC Pulm Med (2021) 21:74



Blood eosinophil in AE: diverse

Citgez E, et al. BMJ Open Resp Res 2021;8:e000960.



Blood eosinophil in AE: not promising

Cui et al. Front. Med. 8:653777.

Cumulative steroid exposure

CAT score



Blood eosinophil in AE: not promising

Cui et al. Front. Med. 8:653777.

Re-admission



Blood eosinophil in AE: different stability 1Y F/U

Cui et al. Respir Res (2021) 22:301



Blood eosinophil in AE: different stability 1Y F/U

Cui et al. Respir Res (2021) 22:301

LL: Adm (BEC <300) + D/C (BEC <300)
LH: Adm (BEC <300) + D/C (BEC >300)
HL: Adm (BEC >300) + D/C (BEC <300)
HH: Adm (BEC >300) + D/C (BEC >300)
*BEC: blood eosinophil count

AE proportion, p = 0.032 Mortality: not significant



Blood eosinophil in AE: different stability 1Y F/U

Cui et al. Respir Res (2021) 22:301

AE HR (HH vs. LL): 2.00 (95% CI 1.30-3.08), p = 0.002 Gradually changed, but not statistical difference

Time-to first mod-sev AE All cause survival

Variation of BEC during treatment AE → next AE risk?



AECOPD classification – FeNO



AECOPD classification: FeNO

Int J Gen Med. 2021; 14: 571–580.



AECOPD classification: FeNO by different COPD phenotype

RAMIREZ ET AL. COPD: JOURNAL OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE 2018, VOL. 15, NO. 4, 369–376



Summary - 1

• Heterogeneity of AECOPD

• 1st step of understanding personalized management

• Various definition

• Various phenotype

• Etiology (bacteria, virus, environmental), Inflammation (neutrophilic, eosinophilic), comorbidities etc. 

• 4 categories: bacteria-, viral-, eosinophilic-, pauci-inflammatory-

• Sputum color: Greenish, Yellowish ↔ Whitish-Grey

• Sputum purulence: Purulent ↔ Mucoid

• Sputum microbiome

• Status AE: diversity, composition

• + affected by time, medication, inflammatory endotype

• Blood Eosinophil

• Baseline level in stable COPD, Stability during AE

• FeNO: not different? Different by phenotype of COPD such as ACO?



AECOPD Management



Management of AECOPD

• Keys of AECOPD

• Bronchodilator

• Systemic corticosteroid

• Antibiotics



AECOPD management - Antibiotics



Real-world antibiotics use in AECOPD

Ma et al. Front. Pharmacol. 12:649884.

Percentage of real-world antibiotics use = 1434/1663 (86.2%)



Different effect of antibiotics on AECOPD

Zhang et al. BMC Pulmonary Medicine DOI 10.1186/s12890-017-0541-0

Different effect on different antibiotics



Antibiotics resistance in COPD: systematic review

D.Smith et al. Journal of Chronic Obstructive Pulmonary Disease 2021, VOL. 18, NO. 6, 672–682



Antibiotics resistance in COPD: systematic review

D.Smith et al. Journal of Chronic Obstructive Pulmonary Disease 2021, VOL. 18, NO. 6, 672–682

Higher % of AMR (antimicrobial resistance rate) in non-hospitalized patients (AECOPD)

→ Need of proper guidance



Antibiotics guidance by point-of-CRP

Butler et al. N Engl J Med 2019;381:111-20. 

• For primary clinic patients

• Not enough clinical features for AECOPD 

(e.g. the Anthonisen criteria) → Point-of-care testing of CRP

• CRP guidance in this study

• < 20 : antibiotics unlikely 

• 20-40 : may be beneficial → consider Antibiotics 

(if purulent sputum, underlying disease, AE severity)

• > 40 : likely to beneficial → prescribe Antibiotics 

(unless lower risk, unlikely to bacterial infection, or non-severe)



Antibiotics guidance by point-of-CRP

Butler et al. N Engl J Med 2019;381:111-20. 



Antibiotics guidance by point-of-CRP

Butler et al. N Engl J Med 2019;381:111-20. 

Lower antibiotics use than conventional group in point-of-CRP group
with no inferiority of clinical outcomes



Antibiotics guidance by Procalcitonin

Eur Respir Rev 2017; 26: 160073

Treatment failure: symptom deterioration, non-improvement, ICU admission, death within 4 wks

Antibiotics Cut-off Procalcitonin level: 0.25ug/L



Antibiotics guidance by Procalcitonin

Eur Respir Rev 2017; 26: 160073

Hospital LOS

Antibiotics exposure



Antibiotics guidance by Procalcitonin

Eur Respir Rev 2017; 26: 160073

Overall mortality at longest f/u

Probable benefit of PCT-guided treatment → need of validation in proper setting



Preventive antibiotics or antiviral therapy

Brennan et al. Respiratory Research (2022) 23:58



Preventive antibiotics or antiviral therapy

Brennan et al. Respiratory Research (2022) 23:58

• Recurrent AECOPD despite of following guided-therapy → lack of data

• Preventive antibiotics?

• Antiviral therapy or targeted vaccination



What about probiotics?

Wang et al. Am J Respir Crit Care Med Vol 203, Iss 12, pp 1488–1502, Jun 15, 2021



What about probiotics?

Int J Chron Obstruct Pulmon Dis. 2020; 15: 2985–2990

BMJ Open 2021;11:e047202. doi:10.1136/bmjopen-2020-047202



Antibiotics guidance: GOLD guideline

CRP

• “Data has indicated that antibiotics usage can be safely reduced from 77.4% to 47.7% when CRP is low”

Procalcitonin

• “We cannot recommend at this time the use of PCT-based protocols to make the decision on using 

antibiotics in patient with COPD exacerbation; however, confirmatory trials are required”

Summary

• “Antibiotics should be given to patients with exacerbations of COPD for 5-7 days”

• Have three cardinal symptoms (increase in dyspnea, sputum volume, and sputum purulence

• 2 of cardinal symptom + increased purulence

• Mechanical ventilation (noninvasive or invasive)



AECOPD management – systemic corticosteroid



Blood eosinophil guided: 2%

Bafadhel et al. Am J Respir Crit Care Med Vol 186, Iss. 1, pp 48–55, Jul 1, 2012



Blood eosinophil guided: 2%

Bafadhel et al. Am J Respir Crit Care Med Vol 186, Iss. 1, pp 48–55, Jul 1, 2012

Standard vs. biomarker 
= 0.8 vs 1.1, p = 0.05

Biomarker-negative exacerbation
: mean difference 0.45, p = 0.04

Treatment failure in biomarker-negative AE: steroid (15%) vs placebo (2%) (p=0.04)



Blood eosinophil guided: 300 cells/mcl

• Eosinophil-guided group (n=159) vs. Control group (n=159)

• Treatment failure at 30 days → Eosinophil-guided group; 42 (26%) vs Control group; 41 (26%), p=0.90

• 30 days mortality → Eosinophil-guided group; 6% vs Control group; 4%, p=0.43

• Median duration of systemic corticosteroid therapy

; Eosinophil-guided group (2 days (IQR 1·0 to 3·0)) vs. Control group (5 days (5·0 to 5·0)), p<0·0001.

Lancet Respir Med. 2019 Aug;7(8):699-709.

Blood eosinophil: 300



FeNO200 > 10 ppb

Int J Gen Med. 2021; 14: 571–580.

In AECOPD,

FeNO50 > 25ppb (31%)
FeNO200 > 10ppb (59%)

→Possibility of FeNO200 
as treatment response marker
of AECOPD



Systemic corticosteroid guidance: GOLD guideline

• Systemic corticosteroid in AECOPD

• Proven Tx effect: improve FEV1, shorten recovery time, improve oxygenation, reduce early relapse, reduce 

Tx failure, reduce hospital LOS

• 40mg/d for 5 days (longer → pneumonia, mortality)

• Oral or IV

• May be less effective in AECOPD with lower BEC

• BEC guided Tx for shortening steroid: not fully evaluated

• FeNO: lack of evidence for decision



AECOPD management – CHF as comorbid condition



CHF and COPD: common

Canepa et al. JACC: HEART FAILURE VOL. 7, NO. 10, 2019



CHF and COPD: common

Canepa et al. JACC: HEART FAILURE VOL. 7, NO. 10, 2019



CHF and COPD: common

Dransfield et al. N Engl J Med 2019;381:2304-14.



CHF and COPD: BNP

Høiseth et al. Respiratory Research 2012, 13:97



CHF and COPD: Echo + Lung US

Nat Rev Cardiol 14, 427–440 (2017).



CHF and COPD: Lung US as decision maker

Zanatta et al. Crit Ultrasound J (2018) 10:22

Pre-hospital LUS in COPD

- Severe dyspnea patient who has COPD or HF in Vicenza, Italy

- Case-Control study

- Pre-hospital LUS guided Tx (drugs, Oxygen, Lab tests)

- LUS: Wet lung or Dry lung by Lung US’s B-lines

Furosemide (mg) Methylprednisolone (mg)

*

*

Conclusion

- More appropriate pharmacologic therapy (p=0.01)

- Appropriate CPAP in COPD (p=0.011)

- In A-profile, LUS guided Tx vs. Control → Lower PCO2 52.23 vs. 42.62mmHg, p=0.049



AECOPD management – DD as comorbid condition



Diaphragm muscle adaptation in COPD

Ottenheijm et al. Respiratory Research 2008, 9:12



DD and COPD: common, especially in severe AE

F.Antenora et al. Respirology. 2017 Feb;22(2):338-344



DD and COPD: measured by sono

• Healthy vs COPD: Different status of stable condition of diaphragm muscle

• Different by COPD stage

N.Rittayamia et al. AnnalsATS 2020;17:10



DD and COPD: measured by sono

Diaphragm mass

Cut-off values: < 2mm

Diaphragm driving power

A) end-expiration 
B) peak inspiratory muscle 
contraction

(B-A)/A = Diaphragm thickening 
fraction (TF)

Cut-off values: < 20%

Diaphragm mobility

Cut-off values: <50mm



DD and COPD: stable vs. AE

TJ An et al. Int J Chron Obstruct Pulmon Dis . 2022 Jan 4;17:3-12



DD and COPD in AE: NIV success rate

F.Antenora et al. Respirology. 2017 Feb;22(2):338-344



Summary - 2

• Management of AECOPD

• Antibiotics use

• Consider community antimicrobial resistance

• Indication of use in AECOPD: sputum purulence, cardinal symptom, severity of disease 

• Point-of-CRP, Procalcitonin

• Corticosteroid use

• Blood eosinophil count: lower is poor in response of AECOPD, not fully evaluated.

• FeNO: lack of evidence, currently, FeNO 200

• CHF: common, conflict response of medication, evaluation device

• DD: common especially in severe AECOPD, evaluation device



Future of personalized medicine in AECOPD



Advance in data acquisition, analyses, and interpretation
: multi-Omics, NGS, and multi-level network analyses

Kan et al. Respiratory Research (2017) 18:149

Nature Communications volume 12, Article number: 1405 (2021)

NOELL ET AL. Eur Respir J 2017; 50: 1700075



Personalized medicine in COPD

Noell et al. Eur Respir Rev 2018; 27: 170110



Take Home Messages



Take Home Messages

• Heterogeneity of AECOPD

• Various phenotype

• 4 categories: bacteria-, viral-, eosinophilic-, pauci-inflammatory-

• Sputum color: Greenish, Yellowish ↔ Whitish-Grey

• Sputum purulence: Purulent ↔ Mucoid

• Sputum microbiome: diversity, composition, affected by time, medication, inflammatory endotype

• Blood Eosinophil: Baseline level in stable COPD, Stability during AE

• FeNO: FeNO 200, further study

• Management of AECOPD

• Antibiotics use

• Consider community antimicrobial resistance

• Indication of use in AECOPD: sputum purulence, cardinal symptom, severity of disease 

• Point-of-CRP, Procalcitonin

• Corticosteroid use

• Blood eosinophil count: lower is poor in response of AECOPD, not fully evaluated.

• Comorbidities: CHF, DD etc.

• Ultrasound



P4: Predictive, Preventive, Personalized, Participatory

Gerontology

Are we ready? Not yet, but we are preparing it. 

Everything comes to those who wait.



Thank you for your attention


