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Supplementary Appendix 
Supplementary Table 1 COPD-related medications recommended for the initial pharmacologic management of COPD according to GOLD guidelines (alone or in combination)
	Name of medication class
	Name of medication

	Short-acting inhaled Beta-2 agonists (SABA)
	Albuterol

	
	Fenoterol

	
	Bitolterol

	
	Isoetharine

	
	Isoproterenol

	
	Levalbuterol

	
	Metaproterenol

	
	Pirbuterol

	
	Terbutaline

	Inhaled Corticosteroids (ICS)
	Fluticasone

	
	Budesonide

	
	Beclomethasone

	
	Flunisolide

	
	Triamcinolone

	Long-acting Beta-agonists (LABA)
	Formoterol

	
	Salmeterol

	
	Indacaterol

	
	Tulobuterol

	
	Arformoterol

	ICS/LABA
	Fluticasone + Salmeterol (all doses)

	
	Formoterol + Mometasone

	
	Vilanterol + Fluticasone

	
	Budesonide + Formoterol

	Short-acting muscarinic antagonist (SAMA)
	Inhaled (non-nebulized) Ipratropium Nebulized Ipratropium or Ipratropium/Albuterol combination

	
	Oxytropium bromide

	Long-acting muscarinic antagonist (LAMA)
	Tiotropium

	
	Aclidinium bromide

	
	Glycopyrronium bromide

	
	Umeclidinium

	LABA+Anticholinergic
	Vilanterol + Umeclidinium

	
	Indacaterol + Glycopyrronium

	Phosphodiesterase-4 Inhibitor
	Roflumilast

	
Source: Gold Initiative for Chronic Obstructive Pulmonary Disease, Global strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary disease. Updated 2016. Available at: http://goldcopd.org/global-strategy-diagnosis-management-prevention-copd-2016/ 




Supplementary Table 2 Case Report Form extraction form considerations
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Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; BMI, body mass index; COPD, chronic obstructive pulmonary disease; DMG, disease management group; ER, emergency room; FEV1, forced expiratory volume over 1 second; FVC, forced vital capacity; ICS, inhaled corticosteroid; ID, identifier; LAA, long-acting anticholinergic; LABA, long-acting Beta-agonist; LAMA, long-acting muscarinic antagonist; PSVT, paroxysmal supraventricular tachycardia; SABA, short-acting Beta-agonist; SAMA, short-acting muscarinic antagonist.


Supplementary Table 3 Utilization items associated with AECOPD events (minor criteria)
	Cigarette smoking history ≥10 pack-years or other documented respiratory exposure known to cause COPD

	A chest X-ray or chest CT scan obtained at any time interpreted as being consistent with COPD

	Spirometry or complete PFT obtained at any time that are consistent with COPD

	Documentation of physical exam findings within ±30 days of the utilization event that are consistent with COPD or acute COPD exacerbation

	Documentation of acute or chronic hypoxemia or hypercarbia within ±30 days of the
utilization event

	Absence of acute coronary syndrome, congestive heart failure or other severe confounding comorbidity as the primary cause of the utilization event

	A physician or provider describes or diagnoses the event as a COPD exacerbation

	Documentation of inhaled respiratory medication use at any time

	Documentation that a sputum culture or viral screen was obtained within ±30 days of the utilization event

	Documentation that a complete blood count was obtained within ±30 days of the utilization event

	Documentation that pulse oximetry or an arterial blood gas was obtained within ±30 days of the utilization event

	Documentation that an ECG or echocardiogram was obtained within ±30 days of the utilization event


[bookmark: _Hlk53758664]Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; COPD, chronic obstructive pulmonary disease; CT, computed tomography scan; ECG, electrocardiogram; PFT, pulmonary function tests.


Supplementary Table 4 Validation results of moderate AECOPD algorithm and its components by COPD status
	Abstracted N [N=298], PPV (95% CI)

	
	COPD verified
n=137 [46.0%]
	COPD unverified
n=60 [20.1%]
	COPD undefined
n=101 [33.9%]

	Overall (any code)
	137
	98.5 (94.8, 99.8)
	60
	98.3 (91.1, 100.0)
	101
	98.0 (93.0, 99.8)

	By specific ICD-9-CM code:
	
	 
	
	 
	
	 

	Cough (786.2)
	20
	100.0 (83.2, 100.0)
	12
	100.0 (73.5, 100.0)
	31
	100.0 (88.8, 100.0)

	Chronic bronchitis (491.x)
	36
	100.0 (90.3, 100.0)
	13
	92.3 (64.0, 99.8)
	29
	100.0 (88.1, 100.0)

	Chronic airway obstruction, not elsewhere classified (496.x)
	45
	95.6 (84.9, 99.5)
	12
	100.0 (73.5, 100.0)
	25
	96.0 (79.6, 99.9)

	Dyspnea and respiratory abnormalities (786.0)
	20
	100.0 (83.2, 100.0)
	10
	100.0 (69.2, 100.0)
	19
	94.7 (74.0, 99.9)

	Shortness of breath (786.05)
	8
	100.0 (63.1, 100.0)
	4
	100.0 (39.8, 100.0)
	12
	91.7 (61.5, 99.8)

	Acute bronchitis and bronchiolitis (466.x)
	1
	100.0 (2.5, 100.0)
	4
	100.0 (39.8, 100.0)
	5
	100.0 (47.8, 100.0)

	Chest pain (786.5)
	5
	100.0 (47.8, 100.0)
	6
	100.0 (54.1, 100.0)
	6
	100.0 (54.1, 100.0)

	Pneumonia, organism unspecified (486.x)
	6
	100.0 (54.1, 100.0)
	3
	100.0 (29.2, 100.0)
	9
	100.0 (66.4, 100.0)

	Emphysema (492.x)
	2
	100.0 (15.8, 100.0)
	2
	100.0 (15.8, 100.0)
	2
	100.0 (15.8, 100.0)

	Wheezing (786.07)
	2
	100.0 (15.8, 100.0)
	1
	100.0 (2.5, 100.0)
	1
	100.0 (2.5, 100.0)

	Asthma, unspecified type, with acute exacerbation (493.92)
	3
	100.0 (29.2, 100.0)
	3
	100.0 (29.2, 100.0)
	2
	100.0 (15.8, 100.0)

	Chronic obstructive asthma with acute exacerbation (493.22)
	2
	100.0 (15.8, 100.0)
	2
	100.0 (15.8, 100.0)
	1
	100.0 (2.5, 100.0)

	Acute and chronic respiratory failure (518.84)
	-
	-
	1
	100.0 (2.5, 100.0)
	-
	-

	Asphyxia and hypoxemia (799.0x)
	2
	100.0 (15.8, 100.0)
	-
	-
	2
	100.0 (15.8, 100.0)

	Chronic obstructive asthma, unspecified (493.20)
	1
	100.0 (2.5, 100.0)
	1
	100.0 (2.5, 100.0)
	-
	-

	Acute respiratory failure (518.81)
	1
	100.0 (2.5, 100.0)
	-
	-
	-
	-

	Other pulmonary insufficiency not elsewhere classified (518.82)
	-
	-
	-
	-
	-
	-

	Bronchitis, not specified as acute or chronic (490.x)
	9
	100.0 (66.4, 100.0)
	5
	100.0 (47.8, 100.0)
	3
	100.0 (29.2, 100.0)

	By specific medication group based on GPI/CPT codes:
	
	 
	
	 
	
	 

	Antibiotics
	94
	97.9 (92.5, 99.7)
	43
	97.7 (87.7, 99.9)
	72
	97.2 (90.3, 99.7)

	Systemic corticosteroids
	93
	98.9 (94.2, 100.0)
	35
	100.0 (90.0, 100.0)
	55
	100.0 (93.5, 100.0)

	Methylxanthines
	-
	-
	-
	-
	2
	100.0 (15.8, 100.0)

	Notes: Patients with AECOPD events that had missing or unavailable EMR were excluded from the analysis because adjudication of these events was not possible. Stable spirometry test results from EMR that occurred after the beginning of the study period (01/01/2010) and prior to the claims-identified exacerbation event but outside the chart abstraction period (30 days) were used to define these categories. If no other spirometry test was available, the spirometry test within the chart abstraction period but not within 7 days prior to the claims-identified exacerbation event was used. The GOLD definition of FEV1/FVC<0.7 was applied to categorize patients as “COPD verified”. Those with FEV1/FVC>0.7 were categorized as “COPD unverified”, and those with missing spirometry results were classified as “COPD undefined”. Confirmed true positive AECOPD events used in the calculation of PPV included definite, probable, or possible exacerbation events, as classified by the adjudicator, in the primary analysis.
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease; CPT, current procedural terminology; ED, emergency department; EMR, electronic medical record; FEV1, forced expiratory volume over 1 second; FVC, forced vital capacity; GOLD, The Global Initiative for Chronic Obstructive Lung Disease; GPI, generic product identifier; ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification; PPV, positive predictive value.






Supplementary Table 5 Validation results of severe AECOPD algorithm and its components by COPD status
	Abstracted N [N=225], PPV (95% CI)

	
	COPD verified
n=96 [42.7%]
	COPD unverified
n=30 [13.3%]
	COPD undefined
n=99 [44.0%]

	Overall (any code)
	96
	93.8 (86.9, 97.7)
	30
	96.7 (82.8, 99.9)
	99
	98.0 (92.9, 99.8)

	By specific ICD-9-CM code:
	
	 
	
	 
	
	 

	Chronic bronchitis (491.x)
	43
	97.7 (87.7, 99.9)
	12
	91.7 (61.5, 99.8)
	46
	100.0 (92.3, 100.0)

	Chronic airway obstruction, not elsewhere classified (496.x)
	34
	91.2 (76.3, 98.1)
	7
	100.0 (59.0, 100.0)
	43
	95.3 (84.2, 99.4)

	Acute respiratory failure (518.81)
	26
	96.2 (80.4, 99.9)
	11
	100.0 (71.5, 100.0)
	21
	100.0 (83.9, 100.0)

	Emphysema (492.x)
	18
	94.4 (72.7, 99.9)
	3
	100.0 (29.2, 100.0)
	9
	100.0 (66.4, 100.0)

	Acute and chronic respiratory failure (518.84)
	13
	100.0 (75.3, 100.0)
	1
	100.0 (2.5, 100.0)
	4
	100.0 (39.8, 100.0)

	Other pulmonary insufficiency not elsewhere classified (518.82)
	2
	100.0 (15.8, 100.0)
	-
	-
	6
	100.0 (54.1, 100.0)

	Chronic obstructive asthma with (acute) exacerbation (493.22)
	3
	100.0 (29.2, 100.0)
	-
	-
	5
	100.0 (47.8, 100.0)

	Chronic obstructive asthma, unspecified (493.20)
	1
	100.0 (2.5, 100.0)
	-
	-
	1
	100.0 (2.5, 100.0)

	
Notes: Patients with AECOPD events that had missing or unavailable EMR were excluded from the analysis because adjudication of these events was not possible. Stable spirometry test results from EMR that occurred after the beginning of the study period (01/01/2010) and prior to the claims-identified exacerbation event but outside the chart abstraction period (30 days) were used to define these categories. If no other spirometry test was available, the spirometry test within the chart abstraction period but not within 7 days prior to the claims-identified exacerbation event was used. The GOLD definition of FEV1/FVC<0.7 was applied to categorize patients as “COPD verified”. Those with FEV1/FVC>0.7 were categorized as “COPD unverified”, and those with missing spirometry results were classified as “COPD undefined”. Confirmed true positive AECOPD events used in the calculation of PPV included definite, probable, or possible exacerbation events, as classified by the adjudicator, in the primary analysis.
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; CI, confidence interval; CPT, current procedural terminology; ED, emergency department; EMR, electronic medical record; GPI, generic product identifier; ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification; PPV, positive predictive value.



Supplementary Table 6 ICD-10-CM diagnosis codes for identifying moderate COPD-related exacerbations
	Code
	Description

	J18
	Pneumonia, unspecified organism

	J20
	Acute bronchitis

	J21
	Acute bronchiolitis

	J22
	Unspecified acute lower respiratory infection

	J40
	Bronchitis, not specified as acute or chronic

	J41
	Simple and mucopurulent chronic bronchitis

	J42
	Unspecified chronic bronchitis

	J43
	Emphysema

	J44.0
	Chronic obstructive pulmonary disease with acute lower respiratory infection

	J44.1
	Chronic obstructive pulmonary disease with (acute) exacerbation

	J44.9
	Chronic obstructive pulmonary disease, unspecified

	J45.901
	Unspecified asthma with (acute) exacerbation

	J80
	Acute respiratory distress syndrome

	J96.0
	Acute respiratory failure

	J96.2
	Acute and chronic respiratory failure

	J96.9
	Respiratory failure, unspecified

	R05
	Cough

	R06.0
	Dyspnea

	R06.2
	Wheezing

	R06.3
	Periodic breathing

	R06.8
	Other abnormalities of breathing

	R07.1
	Chest pain on breathing

	R07.2
	Precordial pain

	R07.8
	Other chest pain

	R07.9
	Chest pain, unspecified

	R09.0
	Asphyxia and hypoxemia



Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; ICD-10-CM, International Classification of Diseases, 10th Revision, Clinical Modification.


Supplementary Table 7 ICD-10-CM diagnosis codes for identifying severe COPD-related exacerbations
	Code
	
	Description

	J22
	
	Unspecified acute lower respiratory infection

	J41
	
	Simple and mucopurulent chronic bronchitis

	J42
	
	Unspecified chronic bronchitis

	J43
	
	Emphysema

	J44.0
	
	Chronic obstructive pulmonary disease with acute lower respiratory infection

	J44.1
	
	Chronic obstructive pulmonary disease with (acute) exacerbation

	J44.9
	
	Chronic obstructive pulmonary disease, unspecified

	J80
	
	Acute respiratory distress syndrome

	J96.0
	
	Acute respiratory failure

	J96.2
	
	Acute and chronic respiratory failure

	J96.9
	
	Respiratory failure, unspecified

	R06.03
	
	Acute respiratory distress



Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; ICD-10-CM, International Classification of Diseases, 10th Revision, Clinical Modification.
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VI. Diagnoses

MM DD YYYY

Chronic obstructive pulmonary disease (COPD) rows 10

Asthma rows 10

Congestive heart failure 10

Myocardial infarction or ischemia  10

Arrhythmia (atrial fibrillation, PSVT, etc.) 10

Diabetes mellitus 10

Gastro-esophageal reflux disease (GERD) 10

Pneumonia  10

Pneumothorax 10

Influenza 10

Pleural effusion 10

Pulmonary embolism 10

Interstitial Lung Disease 10

Pulmonary Fibrosis 10

Chronic Respiratory Failure 10

Emphysema 10

Please indicate whether the patient has a record of the following disease diagnoses in their chart, and if they had a new diagnosis or acute event during the chart 

abstraction period.

 If yes to the latter, please enter the date of the diagnosis or event. If the date of the diagnosis or event is unknown, please enter 99/99/9999; if 

only the year is known please enter 99/99 for the month and day; if only the month and year are known please enter 99 for the day.

Disease diagnosis

Ever Recorded in 

Chart?

Recorded in Chart 

During Chart 

Abstraction Period?

If recorded in chart during chart abstraction period, please list date(s) of 

diagnoses (mm/dd/yyyy)
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VII. Additional Information

Additional Information

Please enter additional (optional) text here.

Please use this space to enter any additional information (optional). 

For example, if/why the exacerbation date identified in the claims data may differ from the 

exacerbation date identified in the medical charts.
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I. Patient Information

Type of clinic with medical chart (all that apply): Date of Chart Abstraction: Abstractor Initials:

MM DD YYYY

Check Box if found in chart (all that apply):

Patient Masked ID: Patient Gender (from claim): Patient Gender (from chart):

Patient Race: Date of AECOPD event identified in claims data: Chart Abstraction Period Start Date:

from claim

MM DD YYYY MM DD YYYY

Type of AECOPD event identified in claims data: Chart Abstraction Period End Date:

from claim

MM DD YYYY

Treating provider at clinic with medical chart (all that apply):

Patient smoking status at date closest to or on the AECOPD  event date from claims


Number of Pack-Years

Other respiratory exposure history including cigars, tobacco pipe, marijuana, or other inhaled toxins, e.g., welding fumes, wood smoke or other industrial exposures

Patient BMI  at date closest to AECOPD  event date in claims

Please enter weight and height information first, if available

Height:

Centimeters

OR

Feet

Inches

Height info may be available in Spirometry results (tab I.a.)

Weight:

KG

OR

LBS

BMI: KG/M

2

Date of Death, if occurred during the chart abstraction period

MM DD YYYY



0



If BMI is not specified in the chart, please select BMI 

unknown

Intake Form

Discharge Summary History and Physical Report

Laboratory Reports Consultations

Diagnostic Imaging Report

Pulmonologist

Internist Primary Care Physician

Otolaryngologist Nurse Practitioner

DMG Nurse

Other

Current Smoker Never Smoker Former Smoker Unknown

Cigar, Pipe, Marijuana Other Inhaled Toxins Unknown

BMI Unknown

Emergency Dep. Or Urgent Care (not admitted)

Inpatient hospitalization

Pulmonary specialist clinic

Otolaryngology specialist clinic

Primary care clinic

Disease Management Group (DMG)

Other

Cardiologist

Infectious Disease Specialist

Unknown

Still Alive

Unknown

ER Provider
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Ia. Patient Information - Stable Spirometry

Please use the date of the spirometry test separetely provided to guide your search for this information. 

Post-bronchodilator spirometry results are preferred, if available

Date of Spirometry

MM DD YYYY

Stable spirometry value prior to AECOPD  event date 

FEV1

L % predicted

FVC

L % predicted

Timing of spirometry



Unknown

Pre-bronchodilator Post-bronchodilator Unknown
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II. AECOPD-related Symptoms

MM DD YYYY

Yes/No/Unknown (# days OR N/A)

Cough, productive rows 10

Days

Cough, non-productive 10

Days

Wheezing 10

Days

Shortness of breath, at rest 10

Days

10

Days

10

Days

Fatigue 10

Days

Sleep disturbance 10

Days

Fever 10

Days

Upper respiratory infection 10

Days

Other bronchitis symptoms 10

Days

Abnormal color of sputum 10

Days



Shortness of breath, with 

activity



Chest congestion, tightness or 

discomfort



During the period +/- 7 days from the AECOPD event date (identified in claims data), did the patient have a record of the following AECOPD-related symptoms?

If yes, please indicate the date(s) of all symptoms. If the date is unknown, please enter 99/99/9999; if only the year is known please enter 99/99 for the month and 

day; if only the month and year are known please enter 99 for the day. 

For each date recorded, enter whether symptom was worse than patient’s usual baseline state. If this was not recorded in chart, please select “Unknown”.            

For each date recorded, enter the duration of symptoms in days. If this was not recorded in chart, please enter “N/A”.  

For each date, list duration of symptoms prior to 

this date, if available

Symptom If yes, date(s) symptom was recorded Yes/No

Symptom reported to be 

new or worse than usual? 


image4.emf
III. Visits

If yes, admission and discharge date(s) of each :

Admission

Discharge

MM DD YYYY MM DD YYYY

Hospitalization

rows 10

Encounter/admission

Discharge (if applicable)

MM DD YYYY MM DD YYYY

Telephone encounter 

rows 10

Email encounter

rows 10

Emergency Department or Urgent Care Visit

rows 10

Outpatient visit

rows 10

Did the patient have any of the following for 

COPD or AECOPD-related symptoms?

Yes/No

If yes, encounter/admission and discharge date(s) (if applicable) of each: 

Please indicate if the patient had any of the following visit-types in the 30 days prior to the AECOPD event date in claims data.                                                                                   

For the table below, if the date of the event is unknown, please enter 99/99/9999; if only the year of the event is known please enter 99/99 for the month and day; if only 

the month and year of the event are known please enter 99 for the day.

Did the patient have a hospitalization for 

COPD or AECOPD-related symptoms?

Yes/No
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IV. AECOPD-related Medication & Procedures

If yes, please select type of medication

(select all that apply)

If yes, please select type of medication Indicate the type of change Date(s) of new/changed Rx

(select all that apply) (select only one) MM DD YYYY

Suplemental Oxygen

Inhaled Corticosteroids (ICS)

Long-acting Beta-agonists (LABA)

Long-acting Anticholinergics (LAA or LAMA)

ICS/LABA

LABA/LAMA

ICS/LAMA/LABA

Phosphodiesterase-4 Inhibitor

Systemic corticosteroids

Antibiotics

Other (entered above)

Medication-related question Yes/No

Short-acting inhaled Beta-2 agonists (SABA) or 

Short-acting muscarinic antagonist (SAMA)



Did the patient receive a new prescription or 

change in their existing prescription for any 

of the following medications to treat or 

possibly treat AECOPD-related symptoms?

Please indicate the patients usual COPD maintenance regime, and whether the patient has a record of the following AECOPD-related medication prescriptions 

during the period +/- 7 days from the AECOPD event date (identified in claims data). 

If the date of prescription is unknown, please enter 99/99/9999; if only the 

year of the event is known please enter 99/99 for the month and day; if only the month and year of the event are known please enter 99 for the day.

Does the patient usually receive any of the 

following medications to manage their 

COPD?

Medication-related question Yes/No



Please use this space to enter any other information 

regarding medication changes, for example, use of 

Hycodan, Mucinex, or smoking cessation aids:



Supplemental Oxygen

Short-acting inhaled Beta-2 agonists (SABA) or 

Short-acting muscarinic antagonist (SAMA)

Inhaled Corticosteroids (ICS)

Long-acting Beta-agonists (LABA)

Long-acting Anticholinergics (LAA or LAMA)

ICS/LABA

LABA/LAMA

ICS/LAMA/LABA

Phosphodiesterase-4 Inhibitor

Systemic corticosteroids

Antibiotics

Other
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V. Diagnostic Tests

If yes, please fill out information below for each exam

Date of exam Additional details Result of diagnostic test

MM DD YYYY

 

rows

3

Findings support a diagnosis of AECOPD? 

Yes/No

3

Findings support severe respiratory insufficiency? 

Yes/No

Pulse oximetry 4

Was patient breathing room air? Normal/Abnormal

Chest radiographs 3

Please enter "Yes" where applicable

Changes consistent with COPD

Any mention of emphysema

Hyperinflation

Bronchial wall thickening

Flattened or depressed diaphragm

Increased bronchovascular markings

Interstitial lung disease

Pneumonia

None of the above

CT-scan 3

Please enter "Yes" where applicable

Changes consistent with COPD

Any mention of emphysema

Hyperinflation

Bronchial wall thickening

Flattened or depressed diaphragm

Increased bronchovascular markings

Interstitial lung disease

Pneumonia

None of the above

Electrocardiogram 3

Normal/Abnormal

Laboratory blood tests 5

Spirometry 4

Timing of spirometry:  Please enter "N/A" if value is unknown

FEV1 % Predicted

FVC % Predicted

Unknown Yes/No

Arterial blood gas measurement 3

Sputum gram stain and culture 3

Influenza test 3

N/A



N/A

N/A



N/A

N/A

N/A

N/A

Physical examination for 

features of severe respiratory 

insufficiency 



Please indicate whether the patient has record of the following diagnostics associated with AECOPD events during the chart abstraction period (+/- 30 days from the 

AECOPD event date in claims data).

 If yes, please indicate the date(s) and result(s) of all diagnostics.  If the date is unknown, please enter 99/99/9999; if only the 

year is known please enter 99/99 for the month and year; if only the month and year are known please enter 99 for the day.

Physical examination for 

features of AECOPD

Diagnostic Yes/No



N/A



Post-bronchodilater results are

preferred, if available

N/A

N/A

N/A N/A

N/A


