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History of Changes in Definition of ECOPD

1821
René Lannec

“Acute Catarrh”
Newly developed

and/or worsening
cough & sputum

4 2

1987
Anthonisen NR

“Exacerbation”

Increased dyspnea,
sputum production,

2022
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& sputum purulence

o %

o

2000

COPD: Working Towards a Greater Understanding

A sustained worsening of patient’s condition from

stable state and beyond normal day-to-day variations,

necessitating change in regular medication

~

/

-

o

2017
ERS/ATS Guideline

Episodes of increasing respiratory symptoms,
particularly dyspnea, cough & sputum production,
and increased sputum purulence

~

/

Am J Respir Crit Care Med 2021, 204. 1257-8.
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GOLD Definition of COPD Exacerbation
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Shortcomings of Current ECOPD Definition
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Different Dyspnea Perception in Frequent vs Infrequent ECOPD

: : ) <0.05
Breathing Pattern, P, ,, Dyspnea Perception at Baseline 8 - P
[ ] Controls
Controls ~ COPDFE  COPDIE  pValue | | FE p<0.05 p<0.01
(n=10) (n=14) (n=20)  FEVsIE L IE
, Rebreath 5% CO, & 95% O,
RR (/ min) 14.60+3.97 | 16.60+348 | 1575461 | 05 6 -
Tidal volume
TV L) 1184032 | 1244037 | 1.08+0.35 03 |4
3

Minute ventilation | 15 29,470 | 1078+361 | 1650+458 | 01 | @ 4-
(Vg, L/min) 2
TVIIC (%) - 0.6£0.2 0.6+0.1 0.5
PetCO, (mm Hg) 46.15+3.11 | 49.23+435 | 50.73+6.42 | 0.2 5
P, (cm H,0) 1134048 | 3.88+2.08" | 2.15+1.20* | <0.001
Dyspnea perception | 4 54,045 | 082+1.03 | 0.97+1.97 0.3
(Borg scale) 0 . .
Pq.1» mouth occlusion pressure 0.1 s after onset of inspiration. Baseline Peak rebreathing

RURR: B 1kt Thorax 2017 72: 117-21
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ECOPD & Cardiac Event : Post Hoc Analysis of SUMMIT

Hazard Ratios for Cardiovascular Disease Event (CV death, MI, Unstable Angina, Stroke, TIA)

No of Participants Observed F/U No of Participants ECOPD requiring

in Period (Patient-Years) ¢ CVD Event iR ESm0E) All ECOPD Hospitalization
All ECOPD
Baseline 16,477 21,624 487 Reference 12
1 to 30 days 4,639 363 32 3.8 (2.7-5.5)
31 to 90 days 4,235 658 29 1.91.3-27) | 1° *
91 days to 1 year 3,779 2,267 91 1.9 (1.5-2.4) 8
> 1 year 2,179 1,744 41 1.2 (0.8-1.7)
6
Hospitalization
Baseline 16,476 25,595 605 Reference 4 ¢
1 to 30 days 1,243 90 24 9.9 (6.6-14.9) | , ; § 1 % T
31 to 90 days 998 152 15 3.7 (2.2-6.1) ] f
91 days to 1 year 862 487 24 2.0 (1.3-3.0)
> 1 year 447 330 1 1.3(0.7-2.6) T 9[;):;jye‘,gfc1>l(i|o;vi1ni;r ons;t1 z; acut; ;xi(n):irba?t)il)r_l c?fo gog’l)d o

RURR -1 -0m Y Am J Respir Crit Care Med 2018 198 51-7
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Timing of ECOPD

31| OE interval <5 d in 90% of cases, Overall range 0-14 d || Dyspnea & Lower Respiratory Symptoms after Rhinovirus inoculation
ECOPD s 0 e
1,995 i 'IIT —o—Controls % z =0=Controls

S 1251 el | HE ——COPD e ¥ —=-COPD
281 " g s !
S @ 1 £
5 C t tt 0 4=
- 7 [ &
o Ko 0.75+ tit _.% ! S
-E % y tttt EL 3- ofhke .
3 O 0.5- 2 |40 !
ED o i }"
- = 025] ATt g I

S | 2 14 {

Lt A z |4
L R e Y PTTT
Study day Study day
T 5 o 15 Peaking 4-12 days after infection
OE interval (O:Opening event, E:first day of ECOPD event)

k ) x1|xq1m—|tu<u Thorax 2012; 67: 238-43. Am J Respir Crit Care Med 2011, 183: 734-42.
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Different ECOPD Definitions Influence on Effect Sizes (COPE)

Definitions of ECOPD

Patients, No.

Patients No. >1 ECOPD

RR (95% CI)”

HR (95% CI)*

Unscheduled medical attention

>1ECOPD

Time to 1t ECOPD

Intervention (ICS discontinuation) 116 54 1.19 (0.92-1.54) 1.47 (1.02-2.12)
Placebo 112 62

Short course of oral steroids and/or antibiotics
Intervention 116 41 1.44 (1.06-1.96) 1.84 (1.23-2.75)
Placebo 112 57

Exacerbation according to Anthonisen et al.
Intervention 116 39 1.49 (1.09-2.04) 1.66 (1.10-2.51)
Placebo 112 56

At least 1 symptom & a course of steroids or antibiotics
Intervention 116 41 1.42 (1.04-1.93) 1.65 (1.10-2.47)
Placebo 112 56

At least one symptom
Intervention 116 49 1.23 (0.93-1.62) 1.36 (0.93-1.99)
Placebo 112 58

At least two symptoms
Intervention 116 41 1.42 (1.04-1.93) 1.58 (1.05-2.37)
Placebo 112 56

SRR B e

4/ JEJUNATIONAL UNIVERSITY HOSPITAL
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AJRCCM 2002 166. 1358-63. CHEST 2009, 136 918-253.
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Visual Analog Scale (VAS) Dyspnea Score (1)

W AEY R
\ k.« / JEJU NATIONAL UNIVERSITY HOSPITAL

10 -
VAS i Patie[;)’:zr\)/\r/]iiz gte\l;\;ers; COPD VAS Dyspnea in Hospitalized Patients with ECOPD
8 - 10 -
AT "
8 -
6 - A &
*
5 B - \
5 -+
4l(v .+ . o ) i = ._
2 | P - 5 J i \\\A
A= .
e . . Y, . L
0 1 o -—e T T 1 0
0 0,2 0,4 0,6 0,8 Baseline 48 hours 8 weeks
PO 1/PETC02
/\

Chest 1999 115: 1293-300. Chest 2007; 131: 37-43.
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Visual Analog Scale (VAS) Dyspnea Score (2)

Convalescence Pairwisen FDR p-value
n |Median (95% Cl) orn (%)| n | Median (95% CI) or n (%)
HR /min 83 89 (72-112.5) 64 83 (69-100.5) 64 0.004
RR /min 82 22 (15-30) 64 20 (16-24.5) 64 0.000
Dyspnea (MRC) | 79 5 (2-5) 63 3(1.5-5) 59 0.010
Dyspnea (VAS) | 80 7 (3.5-8.75) 64 3 (0.5-6) 62 0.000
FEV, % 86 44.2 (25.5-77) 63 46 (28-81.79) 63 0.687
Logistic Regression Model for Diagnosis of ECOPD
Dyspnea (VAS) | Neutrophils (%) | CRP (mg/L) Specificity Sensitivity NPV PPV
>95 > 60 >3 0.89 0.94 0.92 0.92
>95 > 65 >3 0.95 0.91 0.90 0.95
>95 >70 >3 0.96 0.90 0.88 0.97

: H13=Ch St g Eur Respir J 20717; 50: 1700075.




Pulse Rate & Respiratory Rate

COPD School 2022

Multivariate Analysis for Death or Readmission

30
.E Change of RR at ECOPD and after NIPPV
26 - . *
g 24 — 2
E 22 -\-.... T- h *
30
18
RR & HR in Hospitalized ECOPD 24 LN o
105 - i - 20 .:;;}_"'_".-:.:Mj: """ ~
‘g 05 e A e S """ """"""""""
i it
3 a | _ e S 15-
- — .
£ 10 T T —_l T
65 - B 15 30" 15'-Post
Baseline 48 hours 8 weeks -NIPPV-

359 ECOPDs, 5YR HR (95%0 ClI) Pvalue
Age 1.03 (1.02-1.05) <0.0001
COPD severity Ref (FEV, >80%)

50% <FEV, <80% 217 (0.67-7.05) 0.20

30%<FEV,<50% 3.17 (1.00-10.6) 0.051

FEV,;<30% 465 (142-15.1) 0.01
RR (at admission) 1.03 (1.003-1.05) 0.028
Cr (umol/L) 1.003 (1.0004-1.006) | 0.02
Cancer 2.79 (1.68-4.64) <0.0001
Diatetes 1.47 (1.003-2.16) 0.048

HR < 95 bpm & RR < 24 breaths/min could help separate mild ECOPDs from moderate ECOPDs

“\

4 u ORIty

\ 3 JEJU NATIONAL UNIVERSITY HOSPITAL
oy

Chest 2007, 131: 37-43. Am J Respir Crit Care Med 1997 156: 1840-5. Int J COPD 2017, 12: 467-75.
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Hypoxemia & Hypercapnia (1)

Is this|patient at risk of hypercapnic respiratory failurel? (Type 2 Respiratory Failure)

The main risk factor is|severe or moderate COPD|(Especially with previous Respiratory Failure or on Long Term Oxygen).

Other patients at risk include people with severe chest wall or spinal disease (e.g. kypho-scoliosis), neuro-muscular disease, severe obesity,
cystic fibrosis, bronchiectasis or previously un-recognised COPD

Narcotic / sedative overdose not covered by this algorithm- see Table 4 and section 8.13.5

; :

Target saturation is 88-92%lor level on alert card Aim for Sp0O, 94-98%
whilst awaiting blood gas results

Systematic Review Oxygen saturation (SpO,%0) were monitored in 10/16 studies of ECOPD

Hurst et al. The magnitude of the fall in SpO,% 2 days into ECOPD was -1.24 standard deviation (SD).

\ET BRI The magnitude of the fall in SpO,% was 2%.

Burton et al. The magnitude of SpO2% fall was approximately 1 SD (from 93.6% to 92.4%).

Y MFEYer Y BTS Guideline for Oxygen Use, Thorax 2017; 72 i1-90. J Clin Med 2016; 5: 108.

/zf JEJU NATIONAL UNIVERSITY HOSPITAL




Question

Recommendation

Justification

Implementation
considerations

COPD School 2022

Hypoxemia & Hypercapnia (2)

Should NIV be Used in Acute Hypercapnic Respiratory Failure due to ECOPD ?

We recommend bilevel NIV for patients with ARF leading to acute or acute-on-chronic respiratory
acidosis (pH < 7.35) due to ECOPD (Strong recommendation, high certainty of evidence).

Pooled analysis demonstrated that bilevel NIV decreased mortality (RR 0.63, 95% CI 0.46-0.87;
high certainty) and decreased need for intubation (RR 0.41, 95% CI 0.33-0.52; moderate certainty).

Bilevel NIV should be considered when pH < 7.35, PaCO, > 45 mmHg and RR > 20-24 breaths/min

despite standard medical therapy.

ERS/ATS NIV Guideline Eur Respir J 2077 50: 16024.26.
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Serum CRP (1)

*

CRP level in Stable COPD | L Marker Inclusion Exacerbation| P-value
4 201, [ .l (19) (n=60) (n=38)
e, PR gt MPO (ug/mL) 27(15-62) | 38(16-570) <001
3 «  NE(ugml) 44(131-102) | 53 (23-212) 0,05
~ CRP (mg/L) 23(20-190) |[65(03-300) | <0.00l
2 o —1- Leukocytes (x10%L) 7.1 (45-13.5) |83 (54-16.0) <0.01
- 0 == Neutrophis (<I0°L) 4.1 (23-96) |55(.1-130) | <00l
5 | B :
. 1 5, | ECOPD CRP(mg/L) GOLD  CRP(mg/L)
55_ . *ts || Type! | 35.3(9.6-70.9) | Stage | |50.6(17.2-56.8)
0 . . Type Il | 18.6 (4.4~52.8) | Stage Il | 43.0 (11.8~71.6)
o*
Non-exacerbators  Exacerbators . Type 1l | 12.6 (3.7~39.4) | Stage Il | 13.4 (5.1~57.3)
(n=196) (n=159) ¢ . S8
i ol Ll D) & Stage IV | 12.9 (4.4~51.6)
NS AS - OPD-CB P value 0.003 P value 0.011
Baseline

\

L | MFEE g Int J COPD 2020; 15: 681-90. Int J COPD 2015; 10: 1253-63. Chest 2007; 131: 1058-67. Modiifiec!

% ’ JEJU NATIONAL UNIVERSITY HOSP\TAL
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Serum CRP (2)

CRP Testing to Guide Antibiotic Prescribing for ECOPDs, Multicenter RCT

CRP level (mg/L) Guidance
<20 Antibiotics are unlikely to be beneficial and usually should not be prescribed
20~40 Antibiotics may be beneficial, mainly if purulent sputum is present
> 40 Antibiotics are likely to be beneficial
(1)(9): { ® Usual-care group
0.8 { ® CRP-guided group | « CRP: airway/lung inflammation0i| H| £ 0| &
% & 077 1 ;|; » Proposal = 0| measurable point-of-care marker
D g 0.6 e — L
2 3 osd 1 £ StLtete ZeA|Z[=0 U=
$E o049 T « CRP > 10 mg/L-E mild/moderate ECOPD T-&
£s g‘z— ol M 235}+= Z0f panel consensusS 0| &
o1 | 47.7% vs. 69.7%, adjusted OR 0.31 (95% Cl, 0.21-0.45) | |. Thresholde X5 X & 7Hst
0.0 ; . I No. of Anthonisen Criteria

1 2 3

/ ‘\
/ \

| Moot m ol N Engl J Med 2019; 381 111-20.

k' / JEJU NATIONAL UNIVERSITY HOSP\TAL
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Diagnostic Approach to ECOPD — The Rome Proposal

Urgent Medical Contact: Patient with Suspected ECOPD

Confirm ECOPD Diagnosis & Determine Severity Consider Differential Diagnosis
Severity Criteria for Judging Severity
_ « Dyspnea VAS <5 « RR<24/min |+ HR<95bpm Heart failure
(dlz/:ﬁ:alﬂt) * Resting Sa0, > 92%" " Pneumonia
& change < 3%! * CRP<10mglL Pulmonary embolism
* Dyspnea VAS >5 * RR>24/min [+ HRZ>95bpm
Moderate _ o o
s or9 | SO0 05 | curs g, |+ om0
n . .
- R SRS Appropriate Testing & Treatment
Severe « Hypercapnia & Acidosis (PaCO, > 45mmHg & pH < 7.35)
*breathing ambient air or patient’s usual oxygen prescription, fwhen known, #if obtained,

Determine Etiology Viral Testing, Sputum Culture, Other

“\

k J HIFEY st Am J Respir Crit Care Med 2021, 204: 1257-8. Figure 2. Modlfied.

JEJU NATIONAL UNIVERSITY HOSPITAL
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The Korean Academy of
Tuberculosis and Respiratory Diseases

ke > e =0l =3 — ke
:%: CiiotzE=d S 257(5t2]
HaTa

CES (COPD Exacerbation Syndrome) Severity Criteria

Basellne . s s 0T & 2 episoqge
Baseline risk Dyspnea Altered level of Respiratory Gas
stratification (mMRC) consciousness rate exchange
5 All criteria
s FEV, <50% 320 g Ay vell
h e : a ny yellow criterion
o High risk | mMMRC 2-4 24 - 30 2° ) yy
§ ECOPD 22 90 - 94% 2
Pa0,<60 mmHg sy s
. Any red criterion
23 Drowsiness 230 ° reg);rdness of the
Any $a0,<90% baseline risk level
risk -
stratification 5 pH<7,30 ® < | Any purple criterion,
tupor/coma x | regardless of the
P PaC0,260 mmHg ' | baseline risk level
SEm— —r —— —

RURRES - T GesEPOC (Spanish COPD Guideline) 2021, Archivos de Bronconeumologia 2022; 2: T159-70.

et
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Predictors of Future Exacerbation

/ _ _ _ \ / Anxiety \
Previous Exacerbation History

Socioeconomic Status

Airflow Limitation (FEV,)

_ _ _ _ Number of Comorbidities 1
PA-to-Aorta Cross-Sectional Dimension Ratio

_ Physical Activity |
Emphysema Severity

Dyspnea Score 1
CAT or SGRQ 1

Presence of GERD

Severe Vitamin D deficiency
CRP, Fibrinogen, Eosinophil...

Airway Wall Thickness

Presence of Chronic Bronchitis

L UNVEE

SURE = e GOLD REPORT 2022: p 115. Breathe 2021, 17: 210081.



Final Prediction Model to Predict ECOPD

Independent Variables

OR

95% CI

Previous exacerbations 5.07 | 2.55~10.07
FEV1, % predicted (OR per 5%) 0.95 | 0.88~1.03
Smoking, PYRs (2log transformed) | 1.16 | 1.01~1.35
History of Vascular Disease 1.92 | 0.89~4.12

Actual probability

1.0

0.4 0.6 0.8

0.2

0.0

COPD School 2022

Derivation Cohort (n=243)

Validation Cohort (n=793)

C-statistic 0.75

H (95% CI: 0.69~0.82)
; @H hh

) IHI|H|HHN|||I.|| il

C-statistic 0.66

(95% CI: 0.62~0.71)

.4 O 6 0.8 1.0

Predicted probability

0.0 O 2 0.4 0.6 0.8 1.0

Predicted probability

Risk of ECOPD within the next 24 months =
1/[1+exp—(—1.33 +1.62 x previous AE - 0.05 x FEV, (%) + 0.15 x 2log(PYRs) + 0.65 x history of vascular disease)]

/ ‘\
/ \

R Bt

ﬁk., / JEJU NATIONAL UNIVERSITY HOSPITAL
oy

Int J COPD 201753, 8: 493-9.



Prediction Model for total AE Incidence Rate Ratio Prediction Model for severe AE Incidence Rate Ratio

Database (DB) COPDGene OLIN RECODE ECLIPSE UPLIFT g Database (DB) COPDGene RECODE ECLIPSE UPLIFT

Fixed set of predictors Fixed set of predictors
Sex 1.23 2.86 1.20 1.31 1.09 Sex 1.22 0.64 1.05 1.09
Age (years) 1.00 1.00 1.00 1.01 1.01 Age (years) 1.00 1.02 1.03 1.03
FEV1(%0) 0.99 0.96 0.98 0.99 0.99 FEV1 (%) 0.99 0.98 0.98 0.97
No. of previous AE 1.75 1.49 1.58 1.38 1.25 No. of previous severe AE 2.15 5.19 1.99 1.68
BMI <20 0.98 1.65 — 1.09 1.20 BMI < 20 1.30 — 1.44 1.83
History of CVD 1.07 1.13 1.06 0.98 0.99 History of CVD 1.26 0.64 1.38 1.11
SGRQ score 1.01 — 1.02 1.01 1.01 SGRQ score 1.02 1.03 1.02 1.01
Treatment group in trial — — 1.08 — 0.83 Treatment group in trial — 0.96 — 0.86

Other DB-specific predictors Other DB-specific predictors
Current smoker 0.81 — 1.07 0.88 1.05 Current smoker 0.99 1.23 1.11 1.23
Pack-years — — — — 1.002 Pack-years — — — 1.00
Time since diagnosis (years) — — — — 1.005 Time since diagnosis (years) — — — 1.01
Diagnosis of emphysema — — — — 0.97 Diagnosis of emphysema — — — 1.18
Cough 1.16 — — — — Cough 1.01 — — -
Wheeze 1.37 — — — — Wheeze 1.34 — — —
MRC dyspnea — — 0.98 1.03 — MRC dyspnea — 1.14 0.93 —
Charlson comorbidity index — — 0.98 — 0.98 Charlson comorbidity index — 1.03 — 1.03
Other comorbidities — — — 1.00 — Other comorbidities — — 0.87 —
6MWD (m) — — — 1.001 — 6MWD (m) — — 1.00 —
Physical activity IPAQ — — 0.81 — — Physical activity IPAQ — 0.98 — —
ICS at baseline — — — — 1.30 ICS at baseline — — — 1.23
Resting SpO2 (%) 0.97 — — — — Resting SpO2 (%) 1.00 — — —
Fibrinogen (mg/dL) — — — 1.00 — Fibrinogen (mg/dL) — — 1.00 —

O AT Int J COPD 2017:12 3183-94.

\ 3 4/ JEJUNATIONAL UNIVERSITY HOSPITAL
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Model Validation Results for Total & Severe Exacerbations

COPD School 2022

COPDGene RECODE ECLIPSE UPLIFT
Rate MAE Rate MAE Rate MAE Rate MAE Rate MAE
Total exacerbations
Weighted mean observed rate 0.61 — 0.15 — 0.51 — 1.22 — 0.79 —
Predicted rates
Model 1: FEV1 only 0.65 0.63 0.18 0.28 0.51 0.62 1.25 1.05 0.83 0.64
Model 2: fixed set of predictors 0.65 0.58 0.25 0.28 0.57 0.56 1.31 0.80 0.89 0.62
Model 3: model 2 + data source-specific predictors 0.66 0.58 Na Na 0.57 0.56 1.28 0.81 0.89 0.62
Model 4: zero-inflated model 0.64 0.58 0.20 0.22 0.66 0.60 1.24 0.77 0.91 0.62
Model 5: exacerbations in the previous year Na Na Na Na 0.60 0.64 1.09 0.94 0.82 0.84
Severe exacerbations
Weighted mean observed rate 0.17 — 0.02 — 0.07 — 0.27 — 0.15 —
Predicted rates
Model 1: FEV1 only 0.22 0.25 Na Na 0.07 0.13 0.28 0.34 0.18 0.22
Model 2: fixed set of predictors 0.22 0.22 Na Na 0.17 0.19 0.34 0.44 0.40 0.34
Model 3: model 2 + data source-specific predictors 0.22 0.22 Na Na 0.18 0.21 0.33 0.44 0.41 0.35
Model 4: zero-inflated model 0.21 0.22 Na Na 0.24 0.23 0.30 0.41 0.34 0.30
Model 5A: exacerbations in the previous year Na Na Na Na 0.14 0.17 0.19 0.34 0.27 0.34
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Acute COPD Exacerbation Prediction Tool (ACCEPT)

Model coefficients for the joint rate—severity prediction model of COPD exacerbations

3 Trials (n=2380) Rate Component Severity Component
MACRO STATCOPE OPTIMAL | Estimate In (HR) (95% CI) p value Estimate In (OR) (95% CI) p value
Intercept —0-009 (—0-58 to 0-56) 0-97 —3-849 (—5-54 to —2-16) <0-0001
Sex (male vs female) —0-152 (—0-25 to —0-05) 0-003 0-377 (0-08 to 0-67) 0-01
Age at baseline (per 10 years) —0-018 (—0-08 to 0-05) 0-58 0-109 (—0-07 to 0-29) 0-24
Current smoker at baseline —0-195 (—0-32 to —0-07) 0-003 0-390 (0-03 to 0-75) 0-03
Oxygen therapy past year 0-085 (—0-03 to 0-20) 0-16 0-538 (0-20 to 0-88) 0-002
Baseline FEV1 (% of predicted) —0-428 (—0-79 to —0-07) 0-02 —1-119 (=2-24 to 0-01) 0-05
SGRQ score (per 10 units) 0-100 (0-07 to 0-13) <0-0001 0-199 (0-11 to 0-29) <0-0001
BMI (per 10 units) —0-123 (—0-21 to —0-04) 0-004 —0-103 (—0-36 to 0-15) 0-43
CVD-indicated Statins 0-095 (—0-03 to 0-22) 0-13 0-315 (—0-03 to 0-67) 0-08
LAMA 0-144 (0-03 to 0-25) 0-01 —0-134 (—0-45 to 0-18) 0-40
LABA 0-118 (=0-01 to 0-24) 0-07 0-012 (—0-34 to 0-36) 0-95
ICS 0-216 (0-09 to 0-34) 0-001 0-376 (0-03to 0-72) 0-03
Random effect variance 0-60 (0-51 to 0-69) <0-0001 2-385 (1-63 to 3-14) <0-0001
Random effect covariance 0-147 0-17
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External Validation of ACCEPT in ECLIPSE Cohort

All Patients with at least 2 ECOPD

All Patients with at least 1 Severe ECOPD
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