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The Role of Physiologic 
Testing in COPD Patients

• Standard Testing
– PFTs – Review

• Out with the Old (Lose the FEF 25-75…)
• In with the new… (e.g. FEV3/FEV6, PRISM)

– Tests of COPD Physiology
•  6 minute walk (+/- oxygenation)
• Shuttle Walk
• Cardiopulmonary Exercise Testing

– Assessing Exercise Induced Hyperinflation
– Constant Work Rate Testing
– Measuring improvement from rehabilitation

• Recent Articles of Interest
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PFTs

• Define the Degree of Airflow Obstruction
– GOLD 0,1,2,3,4…
– Assess response to BD
– ACOS
– Estimate or Measure MVV?  40x FEV1?
– FEV3/FVC or FEV3/FEV6
– Assess Gas Transfer / DLCO
– Assess the degree of hyperinflation



Patient 
78 year old Asian woman presents for 
evaluation of slowly progressive dyspnea for 
several years.

She has an intermittent cough, but denies 
wheezing, chest discomfort, other pulmonary 
or cardiac symptoms. She is a former 
smoker with a 20 pack year history. 

Height is 64 in (162.6 cm), BMI 17.8. 
Physical exam and chest radiograph are 
normal.
Spirometry:           FVC  3.42 L   (115% pred)

                 FEV1 2.11 L (94% pred)
                  FEV1/FVC 62%



Indications for Spirometry



Spirometry
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Obstruction – Decreased Flow Rates
vs. 

Restriction – Reduced Lung Volumes

FEV1 FVC FEV1/

VC

TLC

Obstruction ↓ ↔ Or ↓ ↓ ↔ Or ↑

Restriction ↓ ↓ ↔ Or ↑ ↓

↓ = < 80% predicted, ↑ = > 120 % predicted, ↔ = normal 



Airflow Obstruction:  
Flow Volume Loop

Normal Moderate Severe



Acceptability Criteria for Spirometry



Gas Transfer: DLCO = Diffusing Capacity 
of the Lung for CO (Carbon Monoxide) 

Reduced DLCO

“Loss” of Pulmonary 
Vascular Bed

Elevated DLCO

“Gain” of Pulmonary 
Vascular Bed

Anemia

Pulmonary Embolism

Emphysema

Pulmonary Fibrosis

Sardoidosis

PCP (PJP)

Polycythemia

CHF

Asthma / Chronic 
Bronchitis

Obesity

Left to Right Shunt

Alveolar Hemorrhage



COPD - PFTs



Asthma - PFTs



ATS/ERS PFT References



Obesity Effects on Lung 
Volumes and Flow



Tracheal Bronchial Tree and Alveoli



Bronchial and Alveolar Anatomy



Bronchiole Generations (12)



Quantitative CT analysis is used to assess presence of disease

% Emphysema : percentage of 
lung voxels ≤ −950 Hounsfield 
Units (HU) on end-inspiratory 

scans

% Air trapping : percentage of 
lung voxels ≤ −856 HU on 

expiratory scans

Emphysema% = 5.9%

A

Air trapping% = 24.7%

B

Hoffman EA, et. al. Proc Am Thorac Soc 2006;3:519-534.

Emphysema Dominant COPD Phenotype



Airway Dominant COPD Phenotype



“The Smoking Gun”  - Basal Cells



“The Smoking Gun”  - Basal Cells



• Time constant (τ) = Resistance (R) x Compliance (C)
• High Resistance (R) and…
• High Compliance (C) …
• Equals a very long time constant (τ) …

Why is High Airway Resistance combined with 
High Parenchymal Compliance a Problem?

Use?



• 427 male smokers in Vietnam.
• CT Scans were used to place COPD patients into four categories:

• CT-normal phenotype - 53 (21.7%) 
• airway-dominant phenotype - 39 (16.3%) 

• square root of wall area of a hypothetical airway with an internal perimeter of 10 mm 
(Pi10) were measured

• emphysema-dominant phenotype - 103 (42.9%) 
• - percentage of low-attenuation volume at the threshold of −950 Hounsfield units 

(%LAV)
• mixed phenotype - 46 (19.2%)

• Patients with COPD with the mixed phenotype were associated with more severe dyspnea 
than those with each of the remaining CT-based phenotypes (P < 0.01 for all comparisons). 
The number of hospitalizations for COPD exacerbations during the preceding year was 2.0 to 
3.6 times higher in patients with the mixed phenotype than in those with each of the remaining 
CT-based phenotypes (P < 0.05 for all comparisons). Findings persisted after adjustment for 
age, pack-years of smoking, smoking status, body mass index, and FEV1.

• Conclusions: Patients with COPD with the mixed phenotype are associated with more severe 
dyspnea and more frequent hospitalizations than those with each of the remaining CT-based 
phenotypes. Thus, patients with COPD with the mixed phenotype may need more attention 
and interventions.

  Nguyen Ann Am Thorac Soc 12(7), 988-996, 2015

COPD Phenotypes by CT Scan



COPD Phenotypes by CT Scan

 Nguyen Ann Am Thorac Soc 
12(7), 988-996, 2015



COPD Phenotypes by CT Scan

 Nguyen Ann Am Thorac Soc 
12(7), 988-996, 2015



• Forced Expiratory Volume in 3 seconds.
• Better indicator of lower airway function as it assesses the 

sub-segmental and sub-sub-segmental airways.  
• FEV3/FVC or FEV3/FEV6 more reliable than FEV1/FVC in 

airflow obstruction.

FEV3

Use?



Mild, Moderate, Severe COPD





Controversies – FEV3 vs FEF25-75

J Hansen, et al.  
Chest 129: 
369-377, 2006



Why FEF 25-75 Doesn’t Belong on your PFT

J Hansen, et al.  Chest 129: 369-377, 2006



Global Lung Initiative (GLI)



GLI



Classification of Severity of Airflow 
Limitation in COPD*

In patients with FEV1/FVC < 0.70:

GOLD 1: Mild              FEV1 > 80% predicted     

GOLD 2: Moderate      50% < FEV1 < 80% predicted

GOLD 3: Severe         30% < FEV1 < 50% predicted

GOLD 4: Very Severe   FEV1 < 30% predicted

*Based on Post-Bronchodilator FEV1



Novel Spirometric Measure (FEV3/FEV6) identifies 
COPD unidentified by standard criteria

• 7,853 current and ex smokers.
• Standard Spirometric Values (FEV1, 

FEV1/FVC, and FEV1/FEV6, and 
FEV3/FEV6, and FEV3/FVC)

• SGRQ, mRMC dyspnea, BODE index, 
6MWD

• Inspiratory and Expiratory CT scans 
(COPD Gene)

• FEV3/FEV6 associated with significantly 
greater air trapping, SGRQ cscore, 
MMRC dyspnea score, BOD index, and 
shorter 6MWD.

Dilektasli, et al Chest July 2016



Novel Spirometric Measure (FEV3/FEV6) 
identifies COPD unidentified by standard criteria

Dilektasli, et al Chest July 2016



Detecting SAD (Small Airways Disease)



PRISM (Preserved Ratio, Impaired 
Spirometry) & COPD Gene



ACOS





Exercise Testing in COPD Patients

• Assessing mechanisms of exercise limitation
• Defining contraindications to an exercise 

program
• Determining need for oxygen supplementation
• Providing an exercise prescription
• Measuring improvement from rehabilitation



Evaluating Exercise Limitation 
in Pulmonary Patients

• Defining Ventilatory Limitation
– Breathing reserve
– Assessment of hyperinflation

• Determining contributors to high ventilatory 
requirement
– High VD/VT
– Hypoxemia
– Early onset of lactic acidosis

• Detecting Pulmonary Vascular Disease



Lung Volume Response to 
Exercise

EELV

TLC

RV

COPD IC IC IC

TLC
IC IC

EELV
RV

ICHealth



Oxygen 
Prescription 
for Exercise

pulse oximetry 
vs.

arterial blood gas

Carlin et al., Chest, 1988



Oxygen 
Prescription for 

Exercise

arterial blood
 co-oximetry 

vs.
arterial blood gas

Carlin et al., Chest, 1988





BODE Index



Exercise Testing for 
Pulmonary Rehabilitation



Characteristics of an Exercise 
Training Program

•Frequency
•Duration
• Intensity



Characteristics of an Exercise 
Training Program

•Frequency
– sessions held 3-5 times per week

•Duration
– sessions of 30-60 minutes length
– program 6-8 weeks long



Characteristics of an Exercise 
Training Program

•Critical Training Intensity
– there is an intensity of training below which no 

physiologic training effect will be obtained



“…studies demonstrating relatively 
convincing evidence of a physiologic 

training effect incorporated 
supervised exercise programs with a 

high intensity component.”
                     Pulmonary Rehabilitation

                     Evidence-Based Guidelines
                                 Chest   1997



Selecting a High Intensity Exercise 
Target for COPD Patients

• Perform incremental exercise test
• Chose initial exercise intensity 

target as:
– 75%-80% of peak work rate or
– heart rate at 75%-80% of peak work 

rate 



Exercise Prescription Guidelines

• Supervised group exercise program
• Adequate program duration, session 

frequency and session duration
• Individualized exercise intensity 

prescription based on cardiopulmonary 
exercise testing

• High intensity target based on work 
rate or heart rate target



Exercise Testing in Pulmonary 
Rehabilitation

• Measuring improvement from rehabilitation



Response to Bronchodilator in COPD
-Comparison of Exercise Testing Modalities

Oga et al. AJRCCM, 2000



Response to Bronchodilator in COPD
-Comparison of 6 minute walk and 
cardiopulmonary exercise testing-

Oga et al. AJRCCM, 2000



Methodology for Utilizing Constant 
Work Rate Duration in Interventional 

Studies in COPD 

• Goal: Predict a work rate that will yield a 
test whose duration will be in the 4 to 7 
minute range

• Method: Perform an incremental 
exercise test.  Utilize 85% of the peak 
work rate in the constant work rate test.



We Need an Exercise Testing Tool that 
Complements the Sophistication of our 

Approach to Exercise Training

6 Minute Walk Test Cardiopulmonary Exercise Test



Accurately evaluate exercise 
intolerance

Cardiopulmonary Exercise Testing

• Peak oxygen uptake - well defined 
normal values

• Anaerobic threshold - effort independent 
measure of exercise tolerance



Accurately evaluate exercise 
intolerance

6 Minute Walk Test

• Very effort and motivation dependent
• Plateau effect: insensitive to mild 

exercise intolerance
• Expressing distance in relation to 

normal values seldom            
employed



Accurately evaluate exercise 
intolerance

6 Minute Walk Test

• Very effort and motivation dependent
• Plateau effect: insensitive to mild 

exercise intolerance
• Expressing distance in relation to 

normal values seldom            
employed                                                                                                                 

…with good reason



Shuttle Walk

http://www.artp.org.uk/en/patie
nt/exercise/SWT.cfm



Determining Need for Oxygen 
Supplementation

Cardiopulmonary Exercise Testing

• Obtain clear relation 
between exercise intensity 
and desaturation

• Better determined on 
treadmill than cycle

Hsia et al,ERJ 2008

Treadmill

Cycle



Determining Need for Oxygen 
Supplementation

6 Minute Walk Testing
   “The SpO2 should not be used for constant 

monitoring during the exercise. The technician 
must not walk with the patient to observe the 
SpO2. If worn during the walk, the pulse oximeter 
must be lightweight…so that the patient does not 
have to hold or stabilize it and so that stride is not 
affected. Many pulse oximeters have considerable 
motion artifact that prevents accurate readings 
during the walk.”

ATS 6MW Guidelines, 2002

Oximetry performed even 
immediately after exercise will 

lead to underestimates of 
desaturation



Some Recent 
Interesting Articles 
from the Literature



Obesity and 
COPD Gene Database

Obesity Class
I 30-34.99
2 35-39.99
3 > 40



ACE Rx and COPD Rehab



Survival After Pulm Rehab 
( 6MW and CPET)



CT Metrics and BODE / Health Status



6 Minute Walk – 
COPD Stratification



LOTT



The Role of Physiologic 
Testing in COPD Patients

• Standard Testing
– PFTs – Review

• Out with the Old (Lose the FEF 25-75…)
• In with the new… (e.g. FEV3/FEV6, PRISM)

– Tests of COPD Physiology
•  6 minute walk (+/- oxygenation)
• Shuttle Walk
• Cardiopulmonary Exercise Testing

– Assessing Exercise Induced Hyperinflation
– Constant Work Rate Testing
– Measuring improvement from rehabilitation

• Recent Articles of Interest



THE CLINICIAN’S GUIDE TO DIFFERENTIATING THE 
MANY FACES OF COPD 
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Vipul Jain, MD, MS, completed a MPH at the University of Iowa before starting his 
postdoctoral research in Asthma there and has continued on in Asthma and COPD over 
the past 15 years.  He completed his Pulmonary and Critical Care fellowship at UCSD.  
Currently, Dr. Jain is an Associate Professor of Medicine at UCSF-Fresno and the 
medical director for the chronic lung disease program. 
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Clinician’s Guide to COPD: 
Differentiating the Many faces of 
Obstructive Lung Disease

California Thoracic Society
3rd Annual COPD Symposium
Sep 30th, 2017, UC San Diego, CA

Vipul V. Jain, MD, MS
Medical Director, Chronic Lung Disease Program

Associate Clinical Professor of Medicine, UCSF Fresno

2

Disclosures
• Conflict of Interest Disclosure

– Neither I, nor my spouse/partner has any financial 
relationships with commercial entities producing, 
marketing, re-selling, or distributing health care 
goods or services consumed by, or used on, patients 
relevant to the content I am planning, developing, 
presenting, or evaluating

• Content Attestation
– I hereby declare that the content for this activity, 

including any presentation of therapeutic options, is 
well balanced, unbiased, and to the extent possible, 
evidence-based.

3

• Consultant and Speaker
– Astra-Zeneca
– Aerocrine
– Paradigm Medical

• I have no actual or potential conflict 
of interest in relation to this 
presentation

Disclosures
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Animation Slide

Immunology of COPD 

5

“Driving Pathology” – COPD

COPD Phenotypes

6

Phenotyping COPD
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7

ACOS
• In their most typical forms, both Asthma and COPD can be 

readily distinguished

Maximize Bronchodilation Work For 
All with COPD ?

8

ACOS: Mechanisms 

Am J Respir Crit Care Med Vol 191, Iss 7, pp 758–766, Apr 1, 2015

• Airway epithelial Gene expression overlap in a 
Asthma cohort (n=105) and two COPD cohorts 
(n=237, 171) by comparing microarray profiles

• Heatmap of the Gene signatures

9

Asthma & COPD: Genomic signatures 
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10

Asthma & COPD: Genomic signatures 

Am J Respir Crit Care Med Vol 191, Iss 7, pp 758–766, Apr 1, 2015

“…. gene expression signatures of Th2  inflammation in COPD, 
are associated with increased disease severity, eosinophil 
counts, and ICS response …”

11

Pathophysiology of COPD: Traditional View !

Agusti et al NEJM 2009. Barnes PJ. JACI 138: 2016

• Eosinophillic
Asthma 

• Neutrophillic
COPD

12

Eosinophil or Neutrophil – Should we Care ?

Vedel-Krough BLUE Sep 2015 Couillard, CHEST 2017; 151(2):366-373



5

13

COPD Exacerbations & Eosinophils

Unpublished Data 2017

• UCSF- Fresno Data (add Figures 1 & 2)

14

Inflammatory Phenotypes: A New Paradigm ?

Barnes PJ. JACI 138: 2015

15

• 98% of pts described as 
“CFPE” are Male smokers

• Upper lobe Emphysema 
and LL fibrosis in Smokers

• Frequently complicated by 
Acute lung injury, Lung 
CA, and PH

• Higher healthcare 
utilization and worse 
outcomes

CPEF

CHEST / 141 / 1 / JANUARY, 2012 
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“Driving Pathology” – Non-COPD

Smoking Related Lung Disease

COPD “Phenotypes”

17

Smoking Related Lung Diseases: RBILD

Ryu JH er al. Chest 2005; 127 (1): 178 Lynch D and King TE. J Comput Assist Tomogr. 2002;26(1):13

• RB-ILD is defined by the presence of 
– Pathologic changes of RB in a smoker 
– Clinical evidence of interstitial lung disease

• Cough/SOB

• PFTs
– Obstructive or Restrictive
– Isolated increase in RV (Air Trapping)
– Isolated decrease in DLCO

18 Ryu JH er al. Chest 2005; 127 (1): 178 Lynch D and King TE. J Comput Assist Tomogr. 2002;26(1):13

• RB-ILD Imaging
– GGOs
– Poorly defined centrilobular nodules

• SC alone (without any other Rx) can lead to clinical, functional & 
radiographic improvement (ERJ, 2007)

– Another study described a clinical and functional decline in 2/3rd patients with RB-ILD, despite SC

– SC is likely to improve clinical outcomes in about a third to 2/3rd of patients with RB-ILD

Smoking Related Lung Diseases: RBILD
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• DIP : Majority (>90%) of DIP is seen in smokers
– About 5-15% of lung biopsies performed for ILD, some in CTD
– Mortality is 6-30%

• Cough/SOB

• PFTs – Decreased DLCO +/- Restrictive

• Imaging: 
– Diffuse GGO
– bilateral and symmetric (86 %)
– basal and peripheral (60 %), patchy (20 %) and diffuse (20 %) 
– Irregular linear opacities. Microcysts (50 % of patients) 

King TE, , Schwarz MI , Schwarz MI. Chronic diffuse parenchymal lung disease. 1999. p.487

Smoking Related Lung Diseases: DIP

20 King TE, , Schwarz MI , Schwarz MI. Chronic diffuse parenchymal lung disease. 1999. p.487

• SC alone can lead to improvement (~50%) but 
others have progressive disease despite 
cessation

• Glucocorticoids have been reported to be 
beneficial in case series, although improvement 
may be temporary (NEJM 1978, n=40 and Thorax 1997, n=5)

Smoking Related Lung Diseases: DIP

21

• PLCH : Universal association with smoking 
– Multi-organ (extrapulmonary) NOT associated with smoking
– Lung disease in multi-organ histioxytic disorders is commonly in children

• Cough/SOB

• PFTs
– Disproportionately reduced DLCO & exercise intolerance
– Minority with Obstruction and hyperinflation

Pulmonary Langerhans cell histiocytosis in adults: Eur Radiol. 2011 Jul;21(7):1406-15. 2011 Feb 11
Pulmonary Langerhans' cell histiocytosis: radiologic resolution following smoking cessation. Chest. 1999;115(5):1452

King TE Jr, Waldron, JA Jr, et al, J Clin Invest 1990; 86:838.): 178

Smoking Related Lung Diseases: PLCH 
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• Imaging
– Moreso in Upper/Mid-Zones

– Ill-defined or stellate 
nodules (2 to 10 mm in size)

– Upper zone cysts or 
honeycombing

• SC is focus of therapy: 
Complete recovery in 
early and nodular cases of 
PLCH

• Immunosuppressive 
therapies, such as 
glucocorticoids and 
cytotoxic agents, are 
of limited value

Pulmonary Langerhans cell histiocytosis in adults: Eur Radiol. 2011 Jul;21(7):1406-15. 2011 Feb 11
Pulmonary Langerhans' cell histiocytosis: radiologic resolution following smoking cessation. Chest. 1999;115(5):1452

King TE Jr, Waldron, JA Jr, et al, J Clin Invest 1990; 86:838.): 178

Smoking Related Lung Diseases: PLCH

23

• IPF

• Cough/SOB

• Mechanisms of IPF
remain elusive

– ? Fibrosis – Genetic
predisposition (Telomerase,
SP-A2 mutations)

– Failure of Myofibroblasts to
undergo apoptosis is typical
of IPF

– Smoke exposure (besides
genetic alterations) is shown
to inhibit apoptosis

Siafakas N et al. Am J Respir Crit Care Med Vol 177. pp 190–194, 2008 Raghu et al. Am J Respir Crit Care Med. 2011;183(6):788

• A total of 249 patients 
with IPF were studied 

– Current smokers & Former 
smokers, n=186

– Never-smokers, n = 63

• Conclusions
– In IPF, survival and  severity-

adjusted survival are higher 
in nonsmokers than in 
former smokers or the 
combined group of former 
and current smokers

Smoking Related Lung Diseases: IPF

24

“Driving Pathology” – Non-COPD

Hypercapnea & Hypoventilation

COPD “Phenotypes”
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Clinical Features of Hypercapnea

• Mild to Moderate hypercapnea that develops slowly may 
be anxious, complain of dyspnea and fatigue with daytime 
somnolence

• Higher levels or rapidly developing hypercapnea with 
frank neurologic manifestations

• Acute Hypercapnea

– Encountered in ER or inpatient settings

– Symptoms mostly Neurologic and Pulmonary

– Vary depending on level and rate of CO2 accumulation in arterial blood

26

Mechanisms of Hypercapnea
Central Nervous System

Peripheral Nervous System

Respiratory muscles

Chest wall & Pleura

Upper airway

Lungs

Wont Breathe

Cant Breathe

Cant Breathe 
Enough !

27

Tracheobronchomalacia (TBM)

• Diffuse or segmental tracheal weakness

– Anatomical (cartilagenous) with softening of cartilage

– Membranous with excessive forward displacement of post-
membrane (dynamic collapse)
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28

Tracheobronchomalacia (TBM)

29

Tracheobronchomalacia (TBM)
• Asymptomatic if Mild

• Major symptoms are Dyspnea, cough and 
sputum retention

• Diagnosis with Bronchoscopy and dynamic CT

30

OSA/OHS and Obesity
• Suspected in all who are at risk of 

hypoventilation
– Physiologic dead space & limited pulmonary reserve (COPD)

– Sedatives

– Obesity and OSA/OHS

• Obesity presents a challenge in interpreting 
PFTs
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“Driving Pathology” – Non-COPD

Infection

COPD “Phenotypes”

32

MAC

•Ringshausen et al. BMC Infectious Diseases 2013, 13:231 

33

ICS & Nontuberculous Infections

•Brode S et al. Eur Respir J 2017; 50: 1700037
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Non-Tuberculous Infections
• SOB/Cough 
• Constitutional symptoms

• Major predisposing factor to lung infection 
is COPD 

– Over 2/3rd of M Kansasii case have COPD

• Imaging characteristics may overlap with 
RB-ILD and other smoking-related lung 
disease

35

MAC

36

Other Atypical Infections
• Chronic (Semi invasive) Pulmonary Aspergillosis

– Especially in setting of chronic steroid use and relative immunosuppression

• Coccidiodomycosis

•Eur Respir J 2017; 49: 1601062
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Misdiagnosis among Frequent 
Exacerbators of COPD

Jain VV et al. Misdiagnosis Among Frequent Exacerbators of Clinically Diagnosed Asthma and COPD. Lung. Aug 2015;193(4):505-512

PD-Asthma
N=171

PD-COPD
N=162

PD-Asthma	or	PD-COPD		 +			Frequent	Exacerbations		(n=342)
(≥2	ER	visits	or	Hospitalizations	in	the	12	months	prior	to	enrollment	between	May	2013	and	October	2014)

AO	Present
N=111

No	AO
N=60

No	AO	
N=27

AO	Present
N=135

• Spirometry
• BD	Testing
• Lung	Volumes
• DLCO
• Serum	IgE
• Risk	factor	

Assessment

• De-escalation	+	Serial	Spirometry
• MCT
• Evaluation	for	alternative	diagnoses

Final	Diagnosis	(based	on	composite	data	review	by	Two	certified	Pulmonologists)

Misdiagnosis in Exacerbators of “COPD”

Restrictive/ILD,	
26%

Cardiac,	15%

Obesity/OSA,	
15%

GERD,	11%

TBM,	11%

Bronchitis,	
11%

VCD,	4%

Lung	CA,	4%

Uncertain,	4%

Other,	11%

Rhinitis	+	
GERD,	27%

VCD,	18%

Rhinitis,	15%

Uncertain,	
10%

Obesity,	
8%

GERD,	5%

Emphysema,	3%

Restrictive,	3%

Cardiac,	3%

Depression,	3%

ABPA,	2%
HSP,	2%

Other,	22%

PD-Asthma – No AO PD-COPD – No AO 

Jain VV et al. Misdiagnosis Among Frequent Exacerbators of Clinically Diagnosed Asthma and COPD. Lung. Aug 2015;193(4):505-512

Misdiagnosis in Exacerbators of “COPD”

Concordant,	
74%

COPD	,	12%
ACOS,	4%

ABPA,	4%

Bronchiectasis,	3%

ILD,	2%
HSP,	1%

Mixed,	2%

Other,	14% Concordant,	
70%

Asthma,	11% ACOS,	7%

Bronchiectasis,	3%

MAC,	2%

Mixed,	4%

Lung	Mass,	1%
VCD,	1%
PLCH,	1%

Other,	19%

PD-Asthma – AO +ve PD-COPD – AO +ve
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Jain VV et al. Misdiagnosis Among Frequent Exacerbators of Clinically Diagnosed Asthma and COPD. Lung. Aug 2015;193(4):505-512

• Misdiagnosis was found in 26% (87 of 333 pts)

• Another 12% had OLD other than Asthma/COPD 

• Spirometry utilization was strongly associated with reduced risk of 
misdiagnosis

• Smoking history increased Risk of misdiagnosis

Misdiagnosis in Exacerbators of “COPD”

Table	4:	Predictors	of	Misdiagnosis	in	patients	with	PD-Asthma	and	PD-COPD

PD-Asthma	(n=171) PD-COPD	(n=162)

Variable Odds	Ratio 95%	CI p-value Odds	Ratio 95%	CI p-value

Age 0.99 0.96-1.02 0.71 1.0 0.93-1.08 0.87
Gender 1.69 0.67-4.27 0.26 0.88 0.26-2.92 0.84
Ethnicity 1.10 0.72-1.69 0.64 0.56 0.29-1.05 0.07	
Spirometry	Underutilization 2.8 1.16-6.78 0.017	* 10.7 2.05-56.27 0.005	*
Obesity 0.86 0.36-2.09 0.75 2.92 0.83-10.2 0.09
IgE 1.0 0.99-1 0.57
BNP 1.0 0.99-1.0 0.45
Smoking	(Total	pack	Years) 1.05 1.01-1.11 0.033	*
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Misdiagnosis in Asthma & COPD ? 

Tinkleman et al. J Asthma 2006 Aaron S et al. JAMA 2017

42

Burden of COPD

GINA 2014 GOLD 2015 Oostenbrink, Rutten-van Molken. Respir Med. 2004;98:883-891 CHEST 2015; 1 47( 1) : 31- 45

• Over a Fifth of our 
Country has OLD

– 8-14% with Asthma
– 7-8% with COPD (10% 

when ≥ 40yrs)

• COPD is the 3rd
leading cause of 
death among adults 
in the US

– Expected to be 3rd
worldwide by 2020

Annual COPD costs over $50 Billion & Rising

Exacerbations account for 90% of the costs

Direct Medical Expenditures in COPD 
Patients
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Lets Talk Business

OECD Report 2013

• We (USA #1) spend up to 3-4 times more per person; than OECD countries

44

Lets Talk Business

OECD Report 2013

• United States ranks #1 in MRI examinations and #2 in CT examinations
• Second-highest rate for Avoidable Hospital Admissions for Asthma and the

• Tenth-highest rate for COPD

45

• Upto 94% patients having at least one comorbid 
disease 

– Almost 50% have >3 comorbidities 

– High prevalence of OSA , PE and CHF has been reported in 25-
50% of frequent exacerbators. 

Tillie-Leblond et al. Ann Int Med  Mar 21 2006;144(6):390-396 Soler X et al. Ann ATS Aug 2015;12(8):1219-1225 
Hillas et al. Int J COPD2015;10:95-109 Shah et al. Chest. May 2015;147(5):1219-1226 

Comorbidities in COPD

• 26 million admissions (Medicare claims data)
– COPD admissions with a 20.2 % readmission rate

– COPD accountable for only 27.6% of readmissions

COPD Exacerbations 
or 

Exacerbations of 
Symptomatology of COPD ??
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• N=134,208; diagnosis of Asthma

• 52% never had a spirometry

Han MK et al. Chest 2007;132:403–409 Sokol KC et al. The Am J Med (2015) 128, 502-508 Jain VV et al Respir Med Dec 2014

• N=5039; newly diagnosed COPD

• 32% did not have a spirometry in
prior 2 years

• N=342; Frequent exacerbators of 
Asthma/COPD

• 69% never had a spirometry

PFT Utilization in USA



17

49

• Clinical diagnosis is the norm, Not the 
exception

• Three out of every Four patients with a 
diagnosis of COPD have never had a 
spirometry test to confirm the “O” in COPD

• In the real world,  it may be unrealistic to 
expect strategies to work in a population where 
the very diagnosis is in doubt !

Current Trends: Diagnosis

50 GOLD Update Feb 2017

GOLD 2017

© 2017 Global Initiative for Chronic Obstructive Lung Disease

GOLD 2017: Refined ABCD Assessment Tool

C D

A B

Symptoms

mMRC 0-1
CAT	<	10

mMRC > 2
CAT	> 10	

≥	2
or

> 1		leading
to		hospital
admission

0	or	1	
(not	leading
to	hospital
admission)

Exacerbation	
History

GO
LD

	C
la
ss
ifi
ca
tio

n 4

3

2

1

Airflow	
Limitation

Combined 
RISK 

Assessment

Spirometrically
Confirmed 
Diagnosis

Post-
bronchodiator
FEV1/FVC <0.7

Assessment
of Airflow 
limitation

Post-BD FEV1 
(% Predicted)

GOLD 1 >80

GOLD 2 50-79

GOLD 3 30-49

GOLD 4 <30

Assessment of 
Symptoms & Risk of 

Exacerbations
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• Office spirometry may be accurate and reliable in Symptomatic 
Asthma and COPD patients (independent of the spirometer used).

Eliminating Barriers: Access to Formal PFT Labs

• 107 patients Symptomatic 
Asthma and COPD

• Two Office Spirometers 
compared to formal hospital 
based Lab Spirometry

• Performed by trained RT’s

Jalota L et al. Clin Respir J. 2015 Dec 1.12419

53

Acute Asthma or COPD;  ER or Inpatient

There are NO excuses for Not performing spirometry 

Eliminating Barriers: Can’t do in ER/Hospital ! 

•Resources
•Legislation
•Reimbursement

•Adherence vs Compliance

•Education vs Comprehension

•Delivery systems

• Nihilism
• Clinical Inertia
• Training: Role of Educator

•Choosing Wisely: Spirometry

•Phenotypes-Comorbidities

•Customizing effective   
modalities & therapies Physician 

Behavior:

Clinician

Physician 
Behavior:

Educator

The 
Business of 

Medicine

Patient 
Behavior

Improving COPD Outcomes
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Thank You
Vipul Jain, MD
UCSF-Fresno
vjain@fresno.ucsf.edu
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Fereidoun Abtin, MD completed his fellowship training at UCLA and joined their 
Thoracic Imaging Section.  He is currently an associate professor, director of a 
specialized outpatient interventional center and director of the Thoracic Imaging 
Fellowship at UCLA. 
 
Dr. Abtin’s work with COPD precedes his fellowship where he participated in developing 
quantitative imaging at UCLA.  He has remained active with the program and currently 
directs the thoracic quantitative imaging lab. 
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The Role of Radiographic Imaging in 

COPD

Fereidoun Abtin M.D.
Thoracic Imaging
Department of Radiological Sciences
David Geffen School of Medicine at UCLA

COPD: Imaging Techniques

 Digital radiography (DR)

 Computed tomography (CT)
 High resolution CT

 Expiratory CT

 Functional CT

 Quantitative CT

 Magnetic Resonance Imaging (MRI)
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COPD: Imaging Techniques

 Digital radiography (DR)
 Solid state photon detector

 Direct conversion to digital image

 2 views (PA and lateral)

 Upright imaging

 120 kVp

 Half the dose of conventional radiography

COPD: Imaging Techniques

 CXR Digital and Analog
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COPD: Imaging Techniques

 Digital radiography (DR)

 Computed tomography (CT)
 High resolution CT

 Expiratory CT

 Functional CT

 Quantitative CT

 Magnetic Resonance Imaging (MRI)

COPD: Computed Tomography

 High Resolution CT (HRCT)
 Ability to resolve small objects at close proximity

 1982: Term was coined by Todo et. Al

 1985: Naidich and Nakata first reports on HRCT of lung

 Parameters: Slice thickness, KVP, mAs, FOV, collimation
 Less than 2 mm, Lung/Sharp/Bone algorithm
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COPD: Computed Tomography

 High Resolution CT (HRCT)
 Ability to resolve small objects at close proximity

 1982: Term was coined by Todo et. Al

 1985: Naidich and Nakata first reports on HRCT of lung

 Parameters: Slice thickness, KVP, mAs, FOV, collimation
 Less than 2 mm, Lung/Sharp/Bone algorithm

 ALL lung CT scans can be HRCT

COPD: Computed Tomography

 High Resolution CT (HRCT)

 Multi-row detector – 16, 64, 256, 320, Flat panel detectors

 16 cm in one rotation= Whole lung acquisition < 1 sec.

 0.275 mm reconstruction

 TLC acquisition (inspiratory)
 Prone for fibrosis



9/21/2017

5

 Trachea
 Cartilage

 Bronchi > 1 mm cartilage

 Bronchioles < 1mm No Cartilage

 Secondary Pulmonary Lobule

Secondary Pulmonary lobule

 Terminal Bronchiole
 3-5 Respiratory bronchioles

 Alveolar ducts

 Alveolar scas

 10-12 Acini
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Secondary Pulmonary lobule

 Terminal Bronchiole

 Pulmonary arterioles

 Pulmonary venules

Secondary Pulmonary lobule

 Terminal Bronchiole

 Pulmonary arterioles

 Pulmonary venules

 Lymphatics
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Secondary Pulmonary lobule

 Terminal Bronchiole

 Pulmonary arterioles

 Pulmonary venules

 Lymphatics

 Interstitium and connective tissue 
network

Secondary Pulmonary lobule

 Terminal Bronchiole

 Pulmonary arterioles

 Pulmonary venules

 Lymphatics

 Interstitium and connective tissue 
network
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COPD: Computed Tomography

 High Resolution CT (HRCT)

 Multi-row detector – 16, 64, 256, 320, Flat panel detectors

 16 cm in one rotation= Whole lung acquisition < 1 sec.

 0.275 mm reconstruction

 TLC acquisition (inspiratory)

 RV acquisition (expiratory)

Insp and Exp CT
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No Air Trapping

Air Trapping
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Air Trapping

COPD: Computed Tomography

 High Resolution CT (HRCT)

 Multi-row detector – 16, 64, 256, 320, Flat panel detectors

 16 cm in one rotation= Whole lung acquisition < 1 sec.

 0.275 mm reconstruction

 TLC acquisition (inspiratory)

 RV acquisition (expiratory)

 3D reconstruction



9/21/2017

11

COPD: Computed Tomography

COPD: Computed Tomography

 High Resolution CT (HRCT)

 Multi-row detector – 16, 64, 256, 320, Flat panel detectors

 16 cm in one rotation= Whole lung acquisition < 1 sec.

 0.275 mm reconstruction

 TLC acquisition (inspiratory)

 RV acquisition (expiratory)

 3D reconstruction

 4D imaging



9/21/2017

12

COPD: Definition

Age-Related Decline in FEV1 Is
Accelerated in Smokers

FEV1, forced expiratory volume in 1 second.
Adapted w ith p ermission from  Fletch er C, Peto R . BMJ. 1 977;1:1645-1648.

Never smoked or not susceptible  to smoke

Stopped at 45 y

Stopped at 65 y

Smoked regularly and susceptible to its effects

0
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25 50 75

Age (y)
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Death

 A disease state characterized by airflow limitation that:
 is not fully reversible

 is usually progressive

 is associated with an abnormal inflammatory response of the 
lungs to noxious particles or gases

* http://www.goldcopd.com 2003

COPD: Types

 Asthma

 Chronic bronchitis

 Emphysema

Airflow Obstruction

Asthma

Chronic Bronchitis

Emphysema
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COPD: Pathogenesis

NOXIOUS AGENT
(tobacco smoke, pollutants, occupational agents)

COPD

genetic factors
respiratory infection(s)

other

Emphysema: Definition

 Defined pathologically

 Condition of the lung characterized by abnormal 
permanent enlargement of the airspaces distal to the 
terminal bronchiole, accompanied by destruction of 
their walls, and without obvious fibrosis*

*American Thoracic Society 1987
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 Centrilobular emphysema 
(CLE)
 Centriacinar emphysema

 Panlobular emphysema 
(PLE)
 Panacinar emphysema

Emphysema: 2 Main Subtypes

 Centrilobular emphysema 
(CLE)
 Centriacinar emphysema

 More common than 
panlobular variety

 Smokers

 Upper lobes more involved

 Panlobular emphysema 
(PLE)
 Panacinar emphysema

 More common in women 
than centrilobular

 Associated with α-1 
antitrypsin deficiency

 Lower lobes usually 
affected and more involved

Emphysema: 2 Main Subtypes
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 Centrilobular emphysema
 Destruction and dilation 

distal to terminal 
bronchioles and respiratory 
bronchioles

 Airflow obstruction and  
collapse due to loss of 
support and parenchymal 
destruction

 Panlobular emphysema
 Distal to the terminal 

bronchiole

 Overinflation and 
destruction of respiratory 
bronchioles, alveolar ducts 
and sacs

Emphysema: 2 Main Subtypes

Emphysema: 2 Main Subtypes
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Emphysema: Radiographic Patterns

 Hyper inflated lungs

 Arterial Deficiency pattern
 More common

 Easier to recognize

 Increased Markings pattern
 Less common

 More difficult to recognize

 Hyperinflation 29.5 cm
 Hemidiaphragm flattening or 

inversion

 CP angle blunting
 Insertion of muscle slips on ribs

 Oligemia

 Bullae

 Decreased heart size < 11.5 
cm (Tubular)

 Aorto-pulmonary Grove
 Retrosternal space 

enlargement
 3 cm, 2.5 - 4.5 cm

Emphysema: Chest Radiograph
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 Hyperinflation 29.5 cm
 Hemidiaphragm flattening or 

inversion

 CP angle blunting
 Insertion of muscle slips on ribs

 Oligemia

 Bullae

 Decreased heart size < 11.5 
cm (Tubular)

 Aorto-pulmonary Grove
 Retrosternal space 

enlargement
 3 cm, 2.5 - 4.5 cm

Emphysema: Chest Radiograph



9/21/2017

18



9/21/2017

19



9/21/2017

20

Emphysema: HRCT Findings

 Cysts with imperceptible or thin walls
 Several millimeters in diameter
 Central; surrounding the centrilobular core
 Panlobular; entire lobule

 Bullae > 1 cm
 Coalescent

 Vascular attenuation and distortion
 Upper versus lower lung involvement
 Upper – centrilobular
 Lower – panlobular
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 Isolated or with CLE

 Often asymptomatic
 Spontaneous pneumothorax in 

young adults

 Involvement of the distal part of 
the secondary lobule

 Subpleural in location
 Bullae with thin and visible walls

 Blebs, arising from outside the 
internal elastic layer of the lung

Paraseptal Emphysema

Emphysema: Main Subtypes
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Bullous Emphysema

 Not in itself a specific entity

 Generally in association with 
centrilobular or paraseptal
emphysema

 “Idiopathic Giant Bullous Disease” 
or “Vanishing Lung Syndrome”
 Young males

 Most are cigarette smokers but may 
occur in non-smokers

 Characterized by progressive, large 
upper lung bullae, occupying 
significant volume

Bullous Emphysema

 Not in itself a specific entity

 Generally in association with 
centrilobular or paraseptal
emphysema

 “Idiopathic Giant Bullous Disease” 
or “Vanishing Lung Syndrome”
 Young males

 Most are cigarette smokers but may 
occur in non-smokers

 Characterized by progressive, large 
upper lung bullae, occupying 
significant volume
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Emphysema: Additional Findings

 Pulmonary arterial hypertension
 Increased thickness of intima and media

 Reflex vasoconstriction

 Cor pulmonale
 Associated more often with Increased Markings

 Infections

 Air leak complications 

 Bronchogenic carcinoma
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Emphysema Differential Diagnosis

 Bronchiectasis

 Lymphangioleiomatosis: LAM

 Pulmonary Langerhans cell histiocytosis: PLCH

 Bronchopulmonary Dysplasia

 Desquamative Interstitial pneumonia: DIP

 Lymphocytic Interstitial Pneumonia: LIP

 Cystic Cancers

Congenital Bronchiectasis

 William Campbell Syndrome

 Absence of Bronchial 
Cartilage

 Involves Trachea and Bronchi
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 Female, reproductive age
 Non-neoplastic hamartomatous

proliferation of atypical muscle cells that 
lead to progressive cystic destruction of 
lung

 Thin walled Pericentemeter cysts 
 Diffuse
 Chylous pleural effusion and enlarged 

thoracic duct
 PTX presentation in 50%, and 80% 

sometime

LAM

Pulmonary Langerhans cell histiocytosis
(PLCH) 

 Smoking related lung disease

 Peribronchiolar proliferation of 
Langerhans cell infiltrates
Peribronchial nodules

 Cavitate and form thick or thin 
walled cysts bizarre shaped 
cysts

 Fibrosis along the airways
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Pulmonary Langerhans cell histiocytosis
(PLCH) 

 Smoking related lung disease

 Peribronchiolar proliferation of 
Langerhans cell infiltrates
Peribronchial nodules

 Cavitate and form thick or thin 
walled cysts bizarre shaped 
cysts

 Fibrosis along the airways

Bronchopulmonary Dysplasia

 Teenage and adult manifestation of 
premature lung disease; Chronic 
respiratory morbidity

 New born Intubation

 High oxygen and positive pressures

 Kept on back for months

 Well-defined linear opacities radiating 
from the periphery toward the hilum

 Subpleural opacities, defined as small 
triangles with a pleural base and an 
internal apex

 Mosaic perfusion in inspiration

 Severity of air trapping in expiration

 Bronchiectasis
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Desquamative Interstitial Pneumonia: DIP

 Inflammation of alveolar 
epithelium and accumulation 
of Macrophages

 Peripheral GGO 100%
 Upper lobe < Lower lobe 

73%
 Associated with cyst  25%
 True
 CLE

 Minimal architectural distortion

Lymphocytic Interstitial Pneumonia: LIP

 Lymphocytic Interstitial 
Pneumonia

 Can  progress to low-grade 
lymphoma, however this is rare

 LIP association:
 HIV and AIDS 
 CTD, especially Sjögren’s

syndrome

 Radiology Findings
 Ground-glass attenuation is the 

most common finding 
 Cysts in  perivascular distribution
 Perilymphatic nodularity
 Cystic form of LIP is more common 

among patients with Sjögren’s
syndrome 
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Cystic Cancers

Pre-chemoRx Post-chemoRx

Cystic Lung Cancer

2001

20152014

2013
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Recurrent Papilomatosis

65

Cystic mesenchymal Hamartoma

 Incidental case reports

 Biopsy was negative

 Resection for diagnosis
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Emphysema family of lung disease

 Combined pulmonary fibrosis and emphysema 
(CPFE)

 SRIF
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Chronic Bronchitis: Definition

 Clinical diagnosis based on excessive mucous 
expectoration (3 months 2 consecutive years)

 Generally, not a radiographic diagnosis

Chronic Bronchitis: Chest Radiograph

 Cannot be diagnosed radiographically

 > 50% have normal radiographs

 Thickened bronchial walls
 Tram tracks or peribronchial thickening

 Doughnuts, ring shadows or peribronchial cuffing

 Increased lung markings
 “Dirty chest”

 Over inflation usually associated emphysema
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Chronic Bronchitis: HRCT

 Thickened bronchial walls

 Mucous plugs / impaction

 Centrilobular nodules
 V, Y, O 

 Tree-in-bud

 Bronchiectasis
 Irreversible airway dilation

 Mild air trapping

Bronchoarterial Pairs

 Normal

 Diameter of bronchus = paired pulmonary artery 
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Bronchoarterial (BA) Ratio

 Normal BA ratio = 0.65 – 0.70

 Bronchiectasis > 1.0  

Bronchiectasis: Grades of Severity

 Cylindrical

 Varicose

 Saccular / Cystic

 Normal
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Bronchiectasis: Grades of Severity

 Cylindrical = “Tram tracks”

Bronchiectasis

 Cylindrical when longitudinal
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Bronchiectasis

 Cylindrical when on cross-section

 “Signet ring” sign

Bronchial Thickness

 Normal segmental airway thickness = 3 mm

 Airway thickness : diameter = 10 – 20%

D

T
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Bronchial Thickness

 Normal segmental airway thickness = 3 mm

 Airway thickness : diameter = 10 – 20%

D

T
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Asthma

 Reversible bronchoconstriction due to a variety of 
stimuli

 Technically, may not be considered COPD



9/21/2017

43

Asthma: Types

 Intrinsic

 Extrinsic

Intrinsic Asthma: General

 Middle aged

 Probably due to an auto-immune mechanism
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Extrinsic Asthma: General

 From antigens producing type I (immediate) 
hypersensitivity reaction

 Reagin sensitizes mast cells to secrete histamine
 Increased vascular permeability

 Edema

 Smooth muscle contraction

 Bronchoconstriction

 Inflammatory response

Extrinsic Asthma: Allergens

 Pollen, dog and cat fur

 Wood dust, flour, grain

 Castor bean, grain weevil

 Aspirin

 Nickel, platinum
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Asthma: Pathology

 Bronchial plugging
 Mucous

 Eosinophils

 Charcot-Leyden crystals

 Hypertrophy of mucous glands and smooth muscle

Acute Asthma: Chest Radiograph

 Overaeration (< 24 hours)

 Hemidiaphragm flattening (20-39-70%)

 Increased retrosternal clear space

 Mucous plugs / impaction

 Peribronchial thickening and cuffing

 Hilar prominence (10%)
 L ymph nodes or vascular enlargement

 Peripheral oligemia
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Chronic Asthma: Chest Radiograph

 Normal radiographs for most individuals

 Abnormal radiograph with early onset and severe 
disease

 Overinflation (19%)

 Bronchiectasis

 Postinflammatory pleuroparenchymal scarring
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Asthma: HRCT Findings

 Bronchial wall thickening (16-92%)

 Bronchial narrowing (70%)

 Bronchiectasis-cylindrical (56-77%)

 Air trapping

 Mucous plugs / impaction

 Centrilobular acinar nodules

 Atelectasis

 Pleuroparenchymal scarring
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Asthma: Complications

 Pneumonia
 Twice as frequent as in non-asthmatics

 Atelectasis
 Related to mucous plugs

 Air leak (more common in children)
 Pneumomediastinum

 Pneumothorax

 Pneumoperitoneum

 Subcutaneous emphysema

Asthma: Complications

 Allergic 
bronchopulmonary 
aspergillosis (ABPA)
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COPD: Summary

 HRCT is more sensitive than chest radiographs
 Diagnosing emphysema

 Determining extent and type

 Measuring bronchial wall thickening and caliber

 Determining air trapping

 HRCT carries a high specificity for diagnosing emphysema
 Rarely overcalled in normal individuals or in those with over 

inflation from other causes

 Chronic bronchitis and asthma are generally not 
radiographic diagnoses

Citations and References

1. Hansell DM, Armstrong P, Lynch DA, McAdams HP. JH, Daniel TL. Imaging of the 
diseases of the chest. 4th edition. Elsevier Mosby 2005. New York.

2. Reed JC. Chest radiology plain film patterns and differential diagnoses. 4th edition. 
Mosby. 1997. New York. 

3. Fraser RS, Muller NL, Coleman N, Pare PD. Diagnosis of diseases of the chest. 4th

edition. WB Saunders. 1999. Philadelphia.
4. Wright FW. Radiology of the chest and related conditions. Taylor and Francis. 2002. 

New York and London.
5. Webb WR. Radiology of obstructive lung disease. AJR Am J Roentgenol 1997; 

169:637-647.
6. Shah VNL. A user friendly multiscale lung modeling suite and application. Drexel 

University. 2007.
7. Smithus R, van Delden O, Schaefer-Prokop C. HRCT part I: basic interpretation. 

The Radiology Assistant. 2006. Radiological Society of the Netherlands. 
www.radiologyassistant.nl.

8. Abbott GF. Airways disease: anatomy-radiology-pathology correlation. Back to 
basics. 2007. Society of Thoracic Radiology. www.thoracicrad.org.



9/21/2017

52

Emphysema

Thoracic Radiology Research Group, David Geffen School of Medicine at UCLA

Bullae

 Distinct wall

 More than 10 mm

 Bullous emphysema

Thoracic Radiology Research Group, David Geffen School of Medicine at UCLA
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Thoracic Radiology Research Group, David Geffen School of Medicine at UCLA

Bronchiectasis

 Localized irreversible bronchial 
dilatation

 Caused by damage to the 
bronchial wall by infection, 
impacted mucus plugs or 
inherited abnormalities

 Cylindrical, Varicoid & Sacular 
( Cystic)

 Traction 

Bronchiectasis

Thoracic Radiology Research Group, David Geffen School of Medicine at UCLA
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Displaced Valve

Thoracic Radiology Research Group, David Geffen School of Medicine at UCLA

Part of EBV in distal branch.. Valve placed in the Apical branch of the apico-posterior 

segment

Thoracic Radiology Research Group, David Geffen School of Medicine at UCLA
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Thoracic Radiology Research Group, David Geffen School of Medicine at UCLA

Part of EBV in distal branch.. Distal to anterior segment division



COPD:  BEHAVIOR CHANGE AND VALUED LIVING 
Arpi Minassian, PhD 

UCSD 
 

Saturday September 30, 2017 – 11:20 a.m. – 11:40 a.m. 
 
 

Dr. Minassian received her doctorate from the California School of Professional 
Psychology-San Diego. She completed her predoctoral internship in the UCSD 
Psychology Internship Training Program and continued in the NIMH Fellowship in 
Biological Psychiatry and Neuroscience. She joined the faculty of the Department of 
Psychiatry in July of 2004 and is currently a Clinical Professor.  She serves a faculty 
psychologist at the Medical Center, working on the Burn Service and the Pulmonary 
Rehabilitation Program.  She is also a clinical supervisor in the Psychology Internship 
Training Program. 
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COPD:  Behavior Change and 
Valued Living

Arpi Minassian, Ph.D.

Clinical Professor of Psychiatry

University of California, San Diego

I have no conflicts of interest to 
disclose.  
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• Depression and anxiety in 
COPD

• Cognitive Behavioral Therapy 
(CBT) in Pulmonary 
Rehabilitation

• Mindfulness and Psychological 
Flexibility 

• Questions/Discussion

3

Agenda

“You aren’t the person you used to 
be.  You are someone else now.”

Ellison L, Gask L, Bakerly ND, Roberts J. Meeting the mental health needs of people with 
chronic obstructive pulmonary disease: a qualitative study. Chronic illness 2012;8(4):308-320.

4
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Loss of Identity in COPD

Dyspnea/Fatigue 
present even in 

mild stages

Activities of daily 
living

Hobbies, interests, 
activities that bring 
joy and meaning

Role functioning in 
relationships

Negative effect on:

Powerlessness 
over symptoms

Embarrassment, 
guilt, anger, 

concern about 
being a burden 

6

“The Incredible Shrinking Man”
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• 37-71% of people with severe COPD have 
depression

• Panic attacks are very common 

• COPD patients with psychiatric diagnoses have 
worse functioning, more hospitalizations, and 
higher mortality

7

Depression and Anxiety in people with COPD

8

The Fear-Dyspnea Cycle

Shortness of Breath Anxiety
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Psychological Treatments in Pulmonary 
Rehabilitation

Support groups Complementary 
Medicine 

Cognitive 
Behavioral 

therapy 

Cognitive
• Distorted/faulty thinking makes 

depression/anxiety worse. Changing thinking 
patterns will improve mood.  

Behavioral
• Being active and engaging in hobbies will 

improve mood.  

10

Cognitive behavioral therapy in pulmonary rehab
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The Fear-Dyspnea Cycle: what drives it?

Shortness of Breath Anxiety

Thoughts

12

An example from our group: understanding where 
stress comes from, with emphasis on THOUGHTS
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13

Behavioral Activation:  Importance of Pleasant 
Activities

Pleasant Activities Stress

14

Encouraging Behavioral Activation
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• The short answer:  YES

• The long answer:  Yes, but not very 
much, and not for long.

15

Do Pulmonary Rehabilitation and psychological 
interventions decrease anxiety and depression?

Coventry 
et al 2007 

• Compared PR to education-only 
(6 studies).  PR reduced 
anxiety/depression scores with a 
small effect size at 6 months, but 
not at 12 months.  

Smith et al 
2014

• Reviewed 7 studies with psych 
interventions (mostly CBT).  
Small improvements in 
anxiety/depression scores.  

16

There’s room for improvement…

Coventry PA, Hind D. Comprehensive pulmonary rehabilitation for anxiety and depression in adults with chronic obstructive pulmonary disease: 
Systematic review and meta-analysis. Journal of psychosomatic research 2007;63(5):551-565.

Smith SM, Sonego S, Ketcheson L, Larson JL. A review of the effectiveness of psychological interventions used for anxiety and depression in 
chronic obstructive pulmonary disease. BMJ open respiratory research 2014;1(1)
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Some evidence that CBT is more 
effective for psychological symptoms 
(depression, anxiety) while “mind-body” 
interventions (relaxation, yoga, 
mindfulness) are more effective for 
physical symptoms (dyspnea, exercise 
capacity, fatigue, lung function). 

Farver-Vestergaard I, Jacobsen D, Zachariae. Efficacy of psychosocial interventions on 
psychological and physical health outcomes in chronic obstructive pulmonary disease: a systematic 
review and meta-analysis. Psychotherapy and Psychosomatics 2015; 84: 37-50.
17

Do psychological interventions decrease physical 
symptoms of COPD?

Psychological 
inflexibility can lead to 
depression and 
anxiety
• Being “fused” with your 

thoughts, always accepting 
them as true

• Believing that you won’t be 
happy unless your problem 
is “fixed”

Mindfulness can help 
with psychological 

flexibility, especially 
with “defusing” from 

thoughts 

Instead of focusing on 
trying to change 
thoughts or solve the 
problem, focus on 
VALUES
• Values are what we want 

our life to stand for
• Values exist despite lung 

disease or anything else

18

A twist on CBT…Psychological Flexibility and 
Acceptance and Commitment Therapy
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19

Introducing Mindfulness Meditation

YOU

Your 5 senses

Your thoughts, 
worries, sadness

20

YOU

Your 5 senses

Your thoughts, 
worries, sadness
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• Mentioned in the Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) 2017 report as a recommended treatment 

• Dr. Ni-Cheng Liang’s UC San Diego study 

• Enrolling people with chronic lung disease into an 8-week 
Mindfulness-Based Stress Reduction Program

• Initial results suggest positive effects on stress and quality of life

• Trend towards improvement in 6-minute walk distance and dyspnea

21

Effect of Mindfulness in Pulmonary Disease

22

“Acceptance” is a difficult word…

I have to 
accept my 

lung disease.

I don’t want my 
lung disease!  
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“Wanting” versus “Willing”

Even though I 
didn’t want my 

lung disease, am I 
willing to do what 
it takes to live a 
meaningful life?

Am I willing to 
exercise today 
in the service 

of what’s 
important to 

me?

Do I want to 
exercise 
today?

“What do you want to be remembered for?”    

24

Accessing Patients’ Values

The Party 
The Lifetime Achievement
Award
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25

The Values Exercise in our group

Summary
- People with COPD experience a 
sense of loss of identity.
-Depression and anxiety are very 
common, making it even more 
difficult to engage in activities and 
behaviors that are meaningful and 
promote health.
-Psychological interventions such 
as Cognitive Behavioral Therapy 
are useful in people with COPD, 
but there is room for improvement.
-Mindfulness approaches can help 
with psychological distress and 
perhaps the physical symptoms of 
COPD (breathlessness, fatigue).
-Orienting patients to their values 
may help them regain their 
identity.

26
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UC San Diego Health
Arpi Minassian, Ph.D.
aminassian@ucsd.edu



 
 

PANEL 
 

Richard Casaburi, PhD, MD; Vipul Jain, MD; 
Fereidoun Abtin, MD; Arpi Minassian, PhD 

 
Saturday September 30, 2017 – 11:40 a.m. – 12:00 p.m. 

 
 

 

 
 
 
 
 
 
 
 
 
 
 



 
 
 

LUNCH 
 

Saturday September 30, 2017 – 12:00 p.m. – 1:00 p.m. 

 
 
 

ASTRAZENECA is sponsoring a non-
CME lunch.  The speaker will be: 

 
Dr. Jill Ohar, MD 

Professor of medicine 
Department of Internal Medicine 

Section on Pulmonary, Critical Care, 
Allergy and Immunology 

Wake Forest School of Medicine 
 

 
 



O2 ASSESSMENT/DELIVERY DEVICE 
SELECTION 

Trina Limberg, RRT, UCSD 
Chris Garvey, NP, UCSF 

 
(20 minutes each) 

 
Saturday September 30, 2017 – 1:00 p.m. – 2:35 p.m. 

 
 
Trina M. Limberg, BS, RRT, FAARC, MAACVPR, is the Director for the Pulmonary 
Rehabilitation Department for UC San Diego Health System. As a respiratory therapist, 
she has been working and practicing in the field of pulmonary rehabilitation for more 
than 30 years.  She has been recognized for distinguished service and has been 
awarded a Master credential from the American Association of Cardiovascular and 
Pulmonary Rehabilitation and fellowship from the American Association of Respiratory 
Care. She serves on the AACVPR Board of Directors. Trina has been nationally 
recognized for excellence in patient education. She has served as a committee member 
and officer to state and national professional organizations for over 25 years. She has 
contributed to research in pulmonary rehabilitation and provided numerous training 
sessions for healthcare professionals.   She is a contributing author on COPD exercise 
and clinical practice guidelines for post- acute care publications.     
 
 
 
Christine Garvey, FNP, MSN, MPA, MAACVPR, is a nurse practitioner at the UCSF 
Sleep Disorders Center at Mount Zion where she cares for patients with sleep and 
pulmonary conditions. Under the supervision of a doctor, she provides assessments, 
orders diagnostic tests, interprets test results and makes recommendations for 
treatment. Her research interests include the areas of pulmonary rehabilitation, asthma 
and congestive heart failure. 
Garvey earned a bachelor's degree in nursing and a master's degree in public 
administration at the University of San Francisco and a master's of science and nursing 
degree from Holy Names College in Oakland. She has authored chapters in the 
Lippincott Manual of Nursing Practice and has been published in several national 
professional journals. She has served as chair and as a member of many national and 
state committees, including co-chair of the American Thoracic Society's Pulmonary 
Rehabilitation Section. Her awards include the Mary Burns Award for Pulmonary 
Rehabilitation Services and the American Lung Association of California Research 
Program Scholarship.  She is currently President of the California Thoracic Society. 



Oxygen Therapy: Assessment, Compatible Equipment and Education (ACE) 
 

Assessment 

 

CMS Requirements  

 

Reasonable and necessary oxygen items and equipment for home use must meet all of the following criteria:  

1) Treating physician examines patient & determines he/she has one of the following conditions that might be 

expected to improve with oxygen therapy:  

• A severe lung disease, COPD, ILD (known or unknown etiology), cystic fibrosis, bronchiectasis, and widespread 

pulmonary neoplasm; or  

• Hypoxia-related symptoms or findings - PH, CHF due to cor pulmonale, erythrocytosis, impairment of cognitive 

process, nocturnal restlessness, and morning headache;  

2) The treating physician or a qualified provider or supplier of laboratory services conducts the qualifying blood 

gas study. A qualified provider or supplier of laboratory services is:  

• Certified to conduct blood gas studies; or  

• A hospital certified to conduct blood gas studies;  

3) The qualifying blood gas study value was obtained under the following conditions:  

During an inpatient hospital stay – Closest to, but no earlier than, 2 days prior to the hospital discharge 

date, with home oxygen therapy beginning immediately following discharge; or  

During an outpatient encounter – Within 30 days of the date of Initial Certification while the patient is in a 

chronic stable state. A chronic stable state is when the patient is not in a period of acute illness or an exacerbation 

of his or her underlying disease;  

4) The treating physician tried or considered alternative treatments & they were deemed clinically ineffective; and  

5) For Initial Certifications, the patient’s blood gas study (either an arterial blood gas or an oximetry test) 

values meet specified criteria. 

 
 

 

 

 



Oxygen Therapy: Assessment, Compatible Equipment and Education (ACE) 
 

GROUP I Criteria Group II Criteria 

RA (awake) at rest O2 arterial sat. <88%  or  <  PaO2 55 mm Hg Includes portable oxygen systems if patient is mobile within the 

home & qualifying blood gas study performed at rest while 

awake or during exercise. 

RA -  89% at rest (awake); or PaO2 of 56-59 mm Hg; and  

a. Dependent edema suggesting CHF 

b. PH or cor pulmonale, determined by measurement of PAP, 

gated blood pool scan, "P" pulmonale on EKG (P wave > than 3 

mm in standard leads II, III, or AVF) 

c. Erythrocythemia with a hematocrit > 56 % 

Tested during exercise and, if during the day while at rest, 

arterial PO2 is >56 mm Hg or oxygen saturation is > 89 %:  

- Arterial PO2 is < 55 mm Hg or arterial sat. <88 %; and  

- Documented improvement of hypoxemia during exercise with 

oxygen    

 

 

During exercise w. a saturation of 89% or PaO2 of 56-59 mm 

Hg; and 

a. Dependent edema suggesting congestive heart failure;  

b. Pulmonary hypertension or cor pulmonale, determined by 

measurement of PAP, gated blood pool scan,  "P" pulmonale on 

EKG (P wave > than 3 mm in standard leads II, III, or AVF); or  

c. Erythrocythemia with a hematocrit greater than 56%  

Tested during sleep- if PaO2 >56 mm Hg or arterial sat. is > 

89% 
while awake, or  

- Decrease in PaO2 of  > than 10 mm Hg or a drop in sat. > than 

5% at least 5 minutes associated w. s/s more than 5 percent from 

baseline saturation for at least 5 minutes taken during sleep; 

associated w. s/s reasonably attributable to hypoxemia. 

Symptoms: impairment of cognitive processes and (nocturnal 

restlessness or insomnia). Signs: cor pulmonale, “P” pulmonale 

on EKG, documented PH, & erythrocytosis reasonably 

attributable to hypoxemia  

 

Initial coverage of Group I home oxygen therapy is limited to 12 

months or the treating physician-specified length of need. 

 

Tested during sleep for at least 5 minutes: 

-  89%; or PaO2 of 56-59 mm Hg; and  

a. Dependent edema suggesting congestive heart failure;  

b. PH or cor pulmonale, by measurement of pulmonary artery 

pressure, gated blood pool scan, echocardiogram, or "P" 

pulmonale on EKG (P wave greater than 3 mm in standard leads 

II, III, or AVF); or  

c. Erythrocythemia with a hematocrit greater than 56 percent; or  

 

Initial coverage of Group II home oxygen therapy is limited to 3 

months or the treating physician-specified length of need for 

oxygen, whichever is shorter. 

Adopted from: https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/Downloads/Home-Oxygen-Therapy-Text-Only.pdf    Accessed 12_18_16. 

https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNProducts/Downloads/Home-Oxygen-Therapy-Text-Only.pdf
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Compatible Equipment 

Stationary Systems  Ambulatory Options  

Standard Concentrators  Portable Oxygen Concentrators (POCs)  < 10 #  

Transfillable Concentrators  Transportable Oxygen Concentrators (TOCs)  > 10# 

Liquid Oxygen  Liquid Oxygen  

Compressed Gas cylinders Compressed Gas Cylinders 
Follow this link to the American Association for Respiratory Care website to access the Guide to Portable Oxygen Concentrators 

www.aarc.org/resources/oxygen_resources/portable_oxygen_concentrators_guide.pdf 

 

Oxygen Flow Delivery Devices Oxygen Interface Administration Options 

Standard regulator 

Electronically powered intermittent (pulse dose)  

Non-electronic (ie. pneumatic) pulse dose 

 

 

Nasal cannula  

Reservoir cannula  

High flow nasal cannula 

Non-Rebreathing Mask 

Trans-tracheal oxygen catheter 

Ventilation support device – portable 

High flow  humidification system 

 
Commonly Used Oxygen Interface Characteristics 

 

 

 
 

 

 

 

 

 
 

Adapted from the ATS  Oxygen Delivery Method website www.ats.org and the AARC Clinical Practice Guideline: Oxygen Therapy in the Home and Alternate Site Care Facility- 2007. 
http://www.rcjournal.com/cpgs/  . 

 

Take Aways:  

1. Pulse dose bolus delivery may vary with increased respiratory rates.  

2. There is no standardization between numbered continuous flow and pulse dose settings with any device.  

Standard nasal cannula provides 24-40% oxygen up to 6 

L/min 

Influenced by breath rate 

Tidal volume 

Pathophysiology 

*the slower the inspired flow 

the higher the FIO2 

High flow nasal cannula Provides up to 15 L/min  

Reservoir nasal cannula Provides 6-8 L/min  

Non-rebreathing mask 

 

Provides FIO2 40-90% with 8-10 

L/min 

 

Mask must be securely fastened 

Reservoir bag must be inflated 

http://www.aarc.org/resources/oxygen_resources/portable_oxygen_concentrators_guide.pdf
http://www.ats.org/
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3. In general, the smaller the POC the lower the production capability. 

4. Patients should be tested using the prescribed device and the prescribed setting to assure SpO2 >88% with exercise/activity.  
 

          Education and Adherence 

 Several studies have evaluated compliance to LTOT showing rates ranging from 45 to 70%. 

 20% of patients used oxygen less than prescribed due to treatment difficulties, lack of breathlessness, or fear of oxygen addiction. 

 Non-adhering patients were primarily males and were ashamed of their therapy and the associated stigma.  

 Patient complaints were related to restricted autonomy (50%), the delivery device (41%), and feeling ashamed (38%). 

Source: Katsenos, S. and Constantopoulos
, S.  Pulm Med. 2011; 2011: 325362. Published online 2011 Sep 15. doi:  10.1155/2011/325362 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3175397 
 

Considerations for Educating Patients:  

 Unclear prescriptions –many may not be able to articulate prescriptions 

 Assessing patient expectations for reducing dyspnea 

 Addressing underlying myths about O2:  

o closer to death  

o now grounded to home  

o public embarrassment 

o the logistics of storage and portage – “range anxiety” 

 

To Improve Therapy Acceptance: 

 Provide information about why oxygen therapy is needed 

 Provide written prescriptions 

 Use rehab exercise sessions to help demonstrate use and benefits 

 Be supportive, for many this is a difficult reality and often very embarrassing 

 Be a resource on delivery options such as POCs 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Katsenos%20S%5bauth%5d
http://www.ncbi.nlm.nih.gov/pubmed/?term=Constantopoulos%20SH%5bauth%5d
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3175397/
https://dx.doi.org/10.1155%2F2011%2F325362
file:///C:/Users/Trina%20Limberg/Desktop/http
file:///C:/Users/Trina%20Limberg/Desktop/http


SPIROMETRY USE, INTERPRETATION 
Vipul Jain, MD, UCLA 

George Su, MD, ZSFGH 
Garner Faulkner, RRT, UCSD 

 
Saturday September 30, 2017 – 1:00 p.m. – 2:35 p.m. 

 
Vipul Jain, MD, MS, completed a MPH at the University of Iowa before starting his 
postdoctoral research in Asthma there and has continued on in Asthma and COPD over 
the past 15 years.  He completed his Pulmonary and Critical Care fellowship at UCSD.  
Currently, Dr. Jain is an Associate Professor of Medicine at UCSF-Fresno and the 
medical director for the chronic lung disease program. 
 
 
George Su, MD, received his medical degree from the University of California at Los 
Angeles.  He trained in internal medicine at the University of California at San Diego, 
then did his pulmonary and critical care fellowship at the University of California at San 
Francisco.  Dr. Su is currently an Associate Professor in the UCSF School of Medicine.  
He serves as Medical Director of the Healthy San Francisco Asthma/COPD and Sleep 
Programs at San Francisco General Hospital and as Medical Director at the Telehealth 
Program for the San Francisco Health Network.  Dr. Su also serves as a member of the 
ATS Quality Improvement and Implementation Committee. 
 
 
George Faulkner II, BSRC, RRT, AE-C, graduated in 2002 with a BS in Respiratoy 
Care.  He has worked at University of California San Diego since 2005.  Garner serves 
as the supervisor for the Exercise and Pulmonary Function Lab at UCSD.  Garner is 
alsoi an active member in the American Association for Respiratory Care. 

 
 
 
 
 
 
 

 



CLOVIS COMMUNITY MEDICAL CENTER 
2755 Herndon 

Clovis, CA, 93612 

Name: SCHLUNDT, CARSTEN L. 
Tech: ONG, ARLENE RRT 

ID: 00072556 
Height: 180.20 

119.40 

Acct. 235541018 
Age: 75 

Date: 01 /07/2015 
Room:OP 

Doctor: JAIN, VIPUL Weight: Sex: Male Race: Caucasian 

Diagnosis: DYSPNEA ON EXERTION 
Dyspnea: After any exertion Cough: Productive Wheeze: Frequent 

Tbco Prod: Never Smoked Yrs Smk: Pks/Day: Yrs Quit: 

Medications: Has Ventolin and Symbicort 160-4.S but hasn't used in about 1 month 

Pre Test Comments: La.'>t ate around 0730. 

Post Test Comments: 
Calibration performed at: I 000 Software: BreezeSuite v.8.1 sp3 Predicted module: NH ANES Ill & ITS 
Test time: I 030 

EXPOSURES: Second-hand smoke from father (very heavy smoker - 4 PPD) x 18 years. Was a mechanic all 
his life, includes exposure to asbestos. Grew up on a ranch (vineyard) and includes direct exposure to DDT. 

The patient was seated. Good patient effort & cooperation.' Coughing was noted mostly during 
pre-bronchodilator testing. He complained of being light-headed, beginning in the middle ofDICO testing but 
especially during post-bronchodilator testing. The results of this test meet the ATS standards for acceptability 
and repeatability. Four puffs (360mcg) of AlbUlerol MDI were given using a valved holding chamber 15 
minutes before the post test. The patient took the valved holding chamber with him upon completion of the test. 
Verbal instructions were given on the proper use of MDis. 

Pre-Bronch PostBronch 

&!!.!!! !!!!::!! ~ fil! ~ ~ %Chng 

-- SPIROMETRY ---
FVC(L) 3.46 4 .36 79 0.58 3.40 3.55 +2 

FEVI (L) 2.39 3.16 75 0.49 2.35 2.49 +4 

FEVl/FVC (%) 69 72 96 6 62 70 + I 

FEV3 (L) 2.97 3.10 +4 

FEV3/FEV6 (%) 90 90 +o 
FEV6 (L) 3.28 4.10 80 0.57 3.16 3.43 +4 

FEVl/FEV6 (%) 73 77 94 5 69 73 +O 

FEF 25-75% (Lisee), 1.38 2.28 60 1.00 0.63 1.69 +22 

FEF Max (Lisee) 6.42 7.96 80 1.45 S.57 6.81 +S 

FIVC (L) 3.42 3.57 +4 

FIF Max (Lisee) 3.43 5.30 +54 

--- LUNG VOLUMES ----
SVC(L) 3.54 4_62 76 

IC (L) 2.92 3.34 87 
ERV (L) 0.62 1.28 48 
FRC(pl) (L) 3.60 3.90 92 0.72 2.46 

RV (Pleth) (L) 2.98 2.62 113 0.37 1.88 

TLC (Pleth)(L) 6.52 7.24 90 0.79 5.66 ~ lllil ~Ill 1~111111111 mil1111111 ~11 1111111 
RWTLC (Pleth) (%) 46 37 123 4 29 •235541018• 
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CLOVIS COMMUNITY MEDICAL CENTER 
2755 Herndon 

Clovis, CA, 93612 

Name: SCHLUNDT, CARSTEN L. ID: 00072556 
180.20 
119.40 

Acct. 235541018 
Age: 75 

Date: 01/07/201 S 
Room:OP Tech: ONG, ARLENE RRT 

Doctor: JAIN, VIPUL 

Trapped Gas (L) 

--- DIFFUSION --
DLCOunc (mVmin/mmHg) 
DLCOcor (ml/min/mmHg) 
DLN A (ml/min/mmHg/L) 
VA (L) 

--- AIRWAYS RESISTANCE --
Raw (cmH20/Us) 
Gaw (1 ./$/cmH20) 

sRaw (cmH20*s) 
sGaw (1/cmH20*s) 

Pa tie n t : SCHLUNDT, CARSTEN L 

Height: 
Weight: 

Pre-Bron ch 
Actual Pred %Pred 

16.74 32.03 52 
32.03 

3.22 4.43 72 
5.20 7.24 71 

1.45 
1.03 

4.76 
0.20 

Sex: Male Race: Caucasian 

Post Brooch 
SD LLN Actual 01.Chn2 

4.83 22.37 
4.83 22.37 

0.79 5.94 

0.48 0.66 

0.07 0.08 

1 111~1111 ~IJ DI ~111111111 I IJM IU Ill 
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CLOVIS COMMUNITY MEDICAL CENTER 
2755 Herndon 

Clovis, CA. 93612 

Name: 
Tech: 

SCHLUNDT, CARSTEN L. 
ONG. ARLENE RRT 

ID: 
Height: 

00072556 
180.20 
119.40 

Acct 235541018 
Age: 75 

Doctor: JAlN, VlPUL Weight: Sex: Male 
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Room:OP 
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CLOVIS COMMUNITY MEDICAL CENTER 
2755 Herndon 

Clovis, CA, 93612 

Name: SCHLUNIYr, CARSTEN L. ID: 00072556 Acct. 23554 1018 
Tech: ONG, ARLENE RRT Height: 180.20 Age: 75 
Doctor. JAIN, VLPUL Weight: 119.40 Sex: Male 

Time Select 1-Lp Test M ATS 
FVC FVC FEVl }1'1£Vl 

absolute % p/c absolute •;., p/c 

Pre 
10:48:14 • • 3.35 76 2.26 71 
10:49:54 • 3.45 79 2.39 75 
10:51:39 • 3.46 79 2.35 74 

ATS Pre/Ba 3.46 79 2.39 75 
Post 

12:13:54 • • 3.49 + l 2.48 +3 

12:14:28 • 3.55 +2 2.49 +4 

12:16:0 1 • 3.40 -1 2.44 +1 

ATS Post 3.55 +2 2.49 +4 

10:48:14 10:49:54 10.51 .39 12:13:54 

:i vaume (L) :i vaume (L) 8 Volume (L) :1 Volume (L) 
6 

g 4' 
~ 

4 

N 
4 g 4 

(/) !I) 2 2 (/) 2 -d. d. 0 d. 0 d. 
4 

~~I ~ -2 
4 

u:: 
-4 

-61 -6 

-8 -8 

12:16:01 

8 Volume (L) 

4 

-8 

Patient : SCHLUNDT , CARSTEN L MRN : 000 /2556 Encounte%:2 35541 018 

4 

Date: 0 I /07/2015 
Room:OP 
Race: Caucasian 

FEFMu 
ab!Olate 

6.42 
6.38 
6.12 
6.42 

6.81 
6.76 
6.79 
6.8 1 

12:14:28 

:i Volume (L) 

g 4 

{/) 2 

d. 0 

~ -2 
4 

u:: 
-4 

-6! 
-8 

I lllllWllll IHI~ IUI 11 lllllll 
llZ3554 I 018ll 

P\JLMOti'IRV FU~T et:MC 413/ 1939 
SCHLUM)T, CARSTEH L MRH: 00072556 
PCP: COPELAH!l. GRE60RY • 00 
REF MD' JAi~· VIPIJL 
75 M PL: BLUE SHIELD HMO SAH• 
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CLOVlS COMMUNITY MEDICAL CENTER 
2755 Herndon 

Clovis, CA, 93612 

Name: SCHLUNDT, CARSTEN L. ID: 00072556 Acct. 235541018 
Age: 75 

Date: 01/0712015 
Room:OP Tech: ONG. ARLENE RRT 

Doctor: JAIN, VLPUL 

-_J -Q) 

E 
:::l 

0 
> 

0 
-1 0 

t t 

1 2 

Pat ient : SCHLUNDT , CARSTEN L 

3 4 

Height 180.20 
Weight: 119.40 Sex: Male 

1 t r- t 1 i 

Race: Caucasian 

t t 1--

5 6 7 8 9 10 11 12 13 14 15 16 17 

Time (sec) 

MRN : 00072556 Encounte% :235541018 

lllHllllllJ llU llllf.lll lUllllH~ll 
• 235541018• 

PUU10Hf'IR'( FUHCT ccnc 4/3/IS3S 
SCHLUHOT. Cl!RSTEN L MRN : 90072556 
pep: COPaf'HO, GREGOR'!' . 00 
REF tlD• .'AIH. VIPUL 
75 M PL• 8LL€ SHIELD HMO SAH• 

Page 5 o~ 5 

Vipul-iMAC
Highlight

Vipul-iMAC
Highlight

Vipul-iMAC
Highlight

Vipul-iMAC
Highlight

Vipul-iMAC
Highlight



):ame: MILCS, TllOMAS V 
Tech: REVILLA, BLLL 

COMMUNlTY REGIONAL MEDICAL CENTER 
2823 FRE NO T 

FRESNO, CA. 937 15 

ID: 00210916 Acct. 232712005 
Age: 64 

Doctor: HANSEN-SMJTI L, KAR F. J 

I !eight: 178 
\ eight: 88 Sex. Male 

Dare: 05/16/2014 
Room:OP 
Race: aucasian 

Diagnosis: A TliMA 
Dyspnca: On hills and stairs 
Tbco Prod ~ Cigarette 

Cough: Non-Productive Wheete: Nt) Wheeze 
Yrs Smk: 20.0 Pks/Day: 0.5 Yrs Quit: 30.0 

Medications: Advair, taken yesterday; Vcntolin, raken last week. 

Pre Test Comments: The patient last ate a meal al 0700 PM yesterday. 

Post Test Comments: 

Calibration pcrfonned at: 0700 Soflwu~: Breu.eSulte v. 7.1 SP4 Predicted module: NJ l/\NES Ill & n S 
Test time: 0810 

The patient was seated. Good patient effort & cooperation. ·1 he results of this test meet the AT standards 
for acceptabi lity and repeatabi lity. Verbal and written instructions were ~ivcn on the propcr use ofMOlo; 
and DPis. Four pufls (360mcg) or Albutcrol MOI were given using a valved holding cham~r I 5 minute~ 
before the posl tesl. The patient took Lhe valved holdrng chamber with him upon completion of' the test. 

qj~1l 
q?o Pre-Bronch Post Brooch 

Actual Pred % Prcd SD LLN Actual %Chog 
--- SPIROMETR Y ----
FVC (L) 4.25 4.65 91 0.57 3.71 4.55 - 7 
FEVI {L) 3.57 3.48 102 0.48 2.69 4.00 +12 
FEVl/FVC (%) 84 75 111 6 65 *88 ..-4 
FEV3 (L) 4.05 4.38 -8 
FEV3/FEV6 (%) 96 96 ..-o 
FEV6 (L) 4.24 4.41 96 0.55 3.50 4.55 +7 
rEVl/FEV6 (%) 84 78 107 5 69 •ss +4 

FEF 25-75% (Lisee) 4.19 2.77 151 0.97 1.17 •6.27 +49 
FEF Max (Lisee) •t2.43 8.91 '"139 1.41 6.58 • 13.12 +5 
FJVC (L) 4.03 4.45 + 10 
FIF Max (Use\:) 9.02 7.58 - 15 

--- LUNG VOLUMES ----
SVC (I,) 4.90 4.65 105 0.57 3.71 
IC (L) 3.52 3.33 105 
ERV (L) 1.38 1.32 104 
FRC(pl) (L) 3.63 3.69 98 0.72 2.25 
RV (Plelh) (L) 2.25 2.33 96 0.37 1.59 
TLC (Plet.h) (L) 7. 15 7.02 IOI 0.79 5.44 
Rvm.c (Pleth) (%) 3 1 34 92 4 25 

11111 llllU HI lllll l'llllll1 II~ 1111 rn 111 Trapped Gas (L) 
PULMOHARv•f3~f2~~ 3/ 8/1 950 
MILES,Hfct"AS II MRN : 00210916 
PCP: HANSEN SMITH, KA'IEN J, • 
REF MD: Hl'NSEN SMITH, KAREN J 
S4 M PL: BLUE CROSS MTHEM ~, 

Pat1ent:MILES , THOMAS v MRH : 00210916 Enco unter : 232712005 Page 1 o f 5 
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COMMCNJTY REGIONAL MEDICAL CENTER 
2823 FRESNO ST 

).""arne: 
Tech: 

MILCS, rHOMA V 
REVILLA. UILL 

Doctor: HANSEN-SMTTI I, KAREN J 

-- DTFFUSION ---
DLCOunc (ml/mjn/mmHg) 
DLCOcor (ml/min/mmHg) 
DLNA (mllmin/mmHg/L) 
VA (L) 

----AIRWAYS RESISTANCE --
Raw (cmH20/l.Js) 
Gaw (Us/cm H20) 
sRaw (cmH20*s) 
sGaw (1/cmH20*s) 

Patient:MILES , THOMAS v 

FRl'SNO, CA, 937 15 

ID: 002 10916 
Hetght: 178 
Wci~ht: 88 

Pre-Broncb 
Actunl Pred 

35.19 13.65 
JJ.65 

5.23 4.81 
6.73 7.02 

1.45 
1.03 
4.76 
0.20 

% Prcd 

104 

108 
95 

Acct. 232712005 
Age: 64 
Sex: Male 

SD LLN 

4.83 23.99 
4.83 23.99 

0.79 5.72 

0.48 0.66 

0.07 0.08 

Mrot: 00210916 Encounte r : 232712005 

Dalt:: 05/1612014 
Room:OI' 
Race: Caucasian 

Post Brooch 
Actua l %Chn.: 

I iHi!I ml 1111111111111111111111111 111~ llili 1111 ~II 
PULMONARY•~3Z7!2go~-
Mil~S. THOr.A~5rMR~~C 3.l'l!~IS50 
PC<>: HANSEN ' 01'1210916 
REF , SMITH. KAREN J, • 
64 'll. HANSEN SM ITH• (PRE'J, J 1 PL: BLUE CROSS A~T,ft;M P• 
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Name:: 
Tech: 

MILE , THOY1AS V 
Rt.VILLA, BILL 

COMMUNITY REGIONAL :VfF.DICAL CENTER 
2823 FRESNO ST 

FR[ 0 , CA, 93715 

ID: 00210916 Acer. 232712005 
Age: 64 

Date: 05/ 16/2014 
Room:OP 

Doccor: I IAN EN-SMlTH, KAREN J 
Height 178 
Wcighc: 88 Sex: Male Race:: Caucasian 

8 
6 
4 
2 
0 

-2 
-4 
-6 
-8 

-10 
-12 
-14 

• Pred 

Pre 

II 

E 

Patient:MI LES , THOMAS v MRN :00210916 

6 7 

Pre Post I 

I Ill I lllHlll I lllll I Ill I Ill 111111~ Ulll 
• 232712J05 .. 

PULMJNPRV FUHCT CR'1C 318/ 19i:e 
MILES-THOMns v MRN: 0021~916 
pep: HANSt:N sn1-.. . KAREN J . • 
REF '10: HANSE!-l Sl" ITH· KAREN J 
64 r PL: BLUE CROSS AN-hEM P• 

Encounte r : 232712005 Page 3 of 5 

Vipul-iMAC
Highlight

Vipul-iMAC
Highlight

Vipul-iMAC
Highlight

Vipul-iMAC
Highlight

Vipul-iMAC
Highlight

Vipul-iMAC
Highlight



COMMCNlTY REGIONAL MEDICAL CENTER 
2823 FRESNO ST 

FRESNO, CA, 93715 

'Jame: MILES, THOMAS V ID: 002 10916 
Tech: REVILLA, BILL lleight: 178 
Doctor: HANSEN-SMlTH, KARCN J Weight: 88 

Time elect 1-Ltfcst Motlu\T 
FVC FVC 

absolute % Pl'cdictcd 
Pre 

08: 13:52 • 3.X3 82 
08: 14:44 • • 4.25 91 
08: I 5:07 • 4.24 91 

ATS PreJBa 4.25 91 
Post 

08:58:50 • 4.53 97 
08:59:13 • 4.47 9b 
08:59:50 • • 4.55 97 

AfS Post 4.55 97 

08:13:52 OB 14 44 08:15:07 

14- Volume (L) 
12-

Volume (L) 

10: 
a-

u 6 ~ u 
QI 4 Cll 

(/) 
2 

(/) (/) - -- -,,:. o_ d d. 

% -2- 6 ~ 6 ~ 6 
-4" u: -6: u:: U:: 
-8 

-10. 
-12: 
-14 

os·s9·50 

Volume (L) 

Acct. 2327 12005 Dare: 05/16/20 I 4 
Age: 64 Room;OP 

C'I(: Mule Race: Caucasian 

FEVI FEVl f"E F Max 
a hsnlute o;,, p/c absolute 

3.45 
3.55 
3.57 
3.57 

3.94 
3.98 
4.00 
4.00 

u 
QI 
en --2. 
~ 
0 u:: 

99 * 11.59 
102 •I 2.43 
102 *12.01 
102 "'12.43 

+10 *12.84 
+I I •11.12 

+ 12 *12.31 
+12 *13.12 

08:58:50 08:59:13 

14f Volume IL) 
12 
10 
a 
6 0 
4 41 

2 
(/) 

--0 d. 
-2. 
-4_ 
-6: 
-B 

-10 
-12! 
-14 

111m 
1~11 11111 11 1 11111 11 111 11111 1111 11111 11111111 

•2",71200~ 
PJLroNARV FU~T cRrc 3~8/t95A 
r1-CS. TH0r1AS V MRN! 0021 ~916 
PCP: HANSEN SiJTH. KAREN J. • 
REF no: HANSr~ SMl"H. KA~EM J 
64 M PL: BLUE CROSS ANT~FM P• 

Patient : MILES , THOMAS v MRH:00210916 Encounter:23271 2005 Page 4 o f 5 
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Name: MILES, Tl IOMAS V 
Tech: REVILLA, Bl.LL 

COMMUKITY REGJONAL MEDICAL CENTER 
2823 FRES ·o ST 

!'RES 0 , CA, 93715 

ID: 00210916 Acct. 232712005 
Agr::: 64 

Date: 05/ 16/20 14 
Room:OP 

Ooctor: HANSEN-SMIT! I, KAREN J 

Height: 178 
Weight: 88 ~r::x: Male Race: Caucasian 

Q) 

E 
:::J 
0 
> 

5 

I ' I I I 

-1 0 1 2 3 4 5 6 7 8 9 101112131415 

P a t i ent : MILES , THOMAS v 

Time (sec) 11111/Hfll ~111 1/nJllll 1111 1~ 111/ll llfll 11~ 111 
PIJLMIJNARV*f~~l2~~ 3/ 9119S9 
ilLES.THOf'q5 V MPH· 00219916 
?CP: HANSEN S,ITI<. KA~H J, • 
REF MO: f'ANSEN sn1 - H. KAREN J 
Sq M PL: BLUE CROSS RHTIIEM Pf 

MRH : 00210916 Encounter : 232 71 20 05 Page 5 o f 5 
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Community Medical Center, Fresno 
PO Box 1232 

Fresno, CA. 93715 

Name: CHRJSTIAN, GARY A 
Tech: PETERSON, PAITIE 

ro: 00113 112 
Height.; 188 
Weight: 98.0 

Acct. 232379826 
Age: 69 

Date: 03/31./2014 
Room:OP 

Doctor: JAfN, VIPUL se : Male Race. Caucasian 

Diagnosis: ASTHMA 
f)yspnea: After any exertion Cough: Producrive 
Tbco Prod: Kever Smoked Yrs mk: Pks/Day· 
Medications : SPRIVlA & ADVAJR 100/50 last taken yec;tcrday AM 

SrNGULACR - taken las1 night 
Pre Test Comments: Pre and Post testing ordered 

Post Test Comments: 

Wheeze: Frequent 
Yrs Quit: 

Calibration perfonned ot: 1500 Software: DreezeSuite v. 7.1 SP4 Pretfo:lt:<l module: NHANES lll & 
ITS Test time: l600 

The patient was seated. Good patient etfon & cooperntion The results of this lest meeL tlll' AT standards 
for acceptabili1y nnd rC)X"'l)18bllity Four puffs (360mcg) of AJbutuol MOJ we~ given using a valved 
holding chamber IS minutes before the po l test. The patient tool-. the valved holdJng chamber witli him 
uport completion of the t~t. Verbs I instructions were given on the 1'ropcr use of\.iDls and UJ-'ls. 
EXPOSURES: Patient was a fireman for 18 yrs. Has been hospitalized for smoke inhalation 3 times. He has 
fanned all his life. 

~/?~~ 
Pattie Peterson, RPFT 3 :31 If 

Pre-Brooch Post Brooch 
Actual Pred SD LLN Actual %Chng 

-- SPIROMETRY -
FVC (L) 3.06 5.15 
FEVI (L) 2.31 3.81 
FEVl/FVC (%) 75 74 
FEV3 (L) 2.83 

FEV3/FEV6 (%) 93 

FEV6 (L) 3.06 4.89 

FEVl/FEV6 (%) 74 78 

FEF 25-75% (Lisee) 1.66 2.90 

FEF Max (I/sec) 7. 11 9.38 

FIVC (L) 2.57 
FCF Max (Lisee) 3.93 

Patient : CHRISTIAN, GARY A MRN : 00113112 

59 
60 

101 

62 
94 

57 
75 

0.63 
0.54 

6 

0.62 
5 

1.09 

1.57 

4. 11 
2.92 

64 

3.87 
69 

l.1 0 
6.79 

4.60 +50 
3.75 +62 

82 18 
4.43 +56 

96 +3 
4.60 +50 

81 +9 
5.62 +239 

10. 12 +42 
4.70 +82 
4.51 + 14 

11111111 1rm r1n 1~111 111~ w~ m 11 m 
PLL~ONARY·~~ff~ 2/1]/l!MS 
CHRISTIAN.GARY A MR': 00J l 3 l l Z 
PCP: sqo-1s . MICHAEL ~. MD 
REF MO: JAIN. VIP.it. 
69 M PL: BLUE SHIELD PPO 130• 

Encounter:232179826 Page l o~ 4 
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Name: 
Tech: 

CHRISTIAN. GARY A 
PETERSO . PAITIE 

Doctor: JAIN, VlPUL 

• 

Patient:CHRISTIAN, GARY A 

Community Medical Center, Fresno 
PO Box 1232 

Fresno, CA, 93715 

ID: 001131 12 
Height: 188 

Acct. 232379826 
Age: 69 

Date: 0313ino14 
Room:OP 

Weight 98.0 

12 

10 
8 

6 
4 

2 

0 

-4 

-6 
-8 

-10 
-12 

Pred 

MRN : 00113112 

Sex: Male 

6 

Pre 

Race: Caucasian 

Post I 

I I 11I111 ~~I 111~11 Ill I ~1111 ~I~ II, \Ill 
• 232119826"' 

MONAR" FUHCl CRr'C 2/t?/1945 
~~~! SllAN·GORV A nRN' 001 1311? 
pc?: GROM!S· rICHF€L u . MO 
REF ro: JAIN· V!PUL 
SS M PL ' BLUE SHIELD !'PO 130• 

Encounter : 232179826 Page 2 o~ 4 
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Nam1:: CHRISTIAN. GARY A 
Tech: PETERSON, PA rTLE 
Doctor: JAIN, VIPIJL 

Time Select 1-Lp Test Mode 

Pre 
16:02:38 • 
16:09:58 * 
16: 19:19 * * 

ATS Pre/Basel in 

Post 
16:51 :11 * 
16:52:19 * 
16:54:26 * 

ATS Post 

Community Medical Center, Fresno 
PO Box 1232 

Fresno, CA. 93715 

ID: 001 13 11 2 
Height: 188 
Weight: 98.0 

ATS 

Acct. 232379826 
Age: 69 
Sex: Male 

FVC FVC 
absolute 0/e Predicted 

3.06 59 

2 .96 57 
2.78 54 
3.06 59 

4.22 82 

4.60 89 

4.53 87 

4.60 89 

Date: 03/3 I /2014 
Room:OP 

Race: Caucasian 

FEVI FEVl 
absolute % pie 

2.26 59 

2.31 60 

2.12 55 
2.3 1 60 

3.47 +50 

3.73 +61 

3.75 +62 

3.75 +62 

16:02:38 16:09:58 16:19:19 16:51 :11 16:52:19 

12[ Volume (L) 
10 

- i~ 1 ~ 4 
(/) 2 C/) -
j ~, ~ 2 

~ 
u. -6 ii: 

-8 
-10 
-12 

16:54:26 

12: Volume (L) 

-,.f\. 
;I~. 
u. ji 

-12-

Patient : CHRIST:IAN, GARY A 

Volume (L) 12~ Volume (l) 

10~ i . " .. u u 
Q) Jl C/) --.:!. -.:!. 

4 6 ~ -2 2 4 6 3 

~I 
0 

u:: u:: 
-8 

-10 
-12 

12r Volume (L) Vollll1e (l ) 
10 
8 
6 
4 
2 
0 
-2 
-4 
-6 
-8 

-10 
-12 

i 
(/) -...J 

6 

11111 1111 1111 1 1111 111 11 11~1 11 1 ~111 rn ~~ 
W2J2l 79826¥ 

PULMOHARY r~R.T CRnC 21!71 1945 
CH~IST I AN.GARY A MRN: 00113112 
pc=: GROMJS , MICHAEL ~. MO 
REF ~o : JA IN. V!PUL 
69 M p. : BLUE SH lELO PPO 130• 

MRN : 00113112 Encounter :232179826 Page 3 o~ 4 
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Name: CHRISTIAN, GARY A 
Tech: PETl::.RSON, PAITIE 
Doctor: JAIN, VlPlJL 

Q) 

E 
::::::s 

0 
> 

5 

o-

Community Medical Center, Fresno 
PO Box 1232 

Fresno. CA, 93715 

ID: 00 I I 3 I 12 
Height: 188 
Weight: 98.0 

Acct. 232379826 
Age: 69 
Sex: Male 

Oatc: 03/3112014 
Room:OP 
Race: Caucasian 

-10 1234 5 6 7 8 9101112131415 

Patient : CHRIST:IAN, GARY A 

Time (sec) 
11111111 1111111 11'1 llll llll [1111111 ~11111 

><2321f-992c,. 
PJLMOHARV ru~c CRMC 2/17119'15 
CHR IST JAf'l, GAQY A MRH: 00113112 
PCP: GROMJS, MICHAEL ~. MD 
REF no: JAIN. VIPUL 
69 M PL: BLUE SHIELD PPO 130• 

MRN : 00113112 Encounter:232179826 Page 4 o~ 4 
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FVC Maneuver Quality Cases 

 
Case 1 

 

Case 2 
 

 

 

 

 

 

 
 

Case 3 

 

 

 

 

 

 



Acceptability criteria summary 

• Good start  
– Initial portion of the curve (most effort dependent) should be free from artifact AND 
– Extrapolated volume (Vext) should be < 5% of FVC  

• Satisfactory expiratory time  
– Duration of exhalation is ≥ 6 s or at least a 1 second plateau is reached (volume-time 

curve) 
• Freedom from artifacts including: 

– Cough during the 1st second of exhalation 
– Closure of the glottis 
– Early termination or cut-off 
– Submaximal effort throughout 
– Air leak  
– Obstructed mouthpiece 

 
Case 1 

 

Early Termination 
 

• VT curves with short or absent plateaus 
• FV curves show abrupt drop off at the end 
• The FET (forced expiratory time) under 6 seconds 
• *Exception, known restrictive lung disease, one second plateau is acceptable 
•   

Correcting Early Termination 
 

• Focus on END of TEST, blowing long and hard 
• Coach patient to make a sustained effort 
• Make sure the patient understands to empty lungs 

Does not flatten  
for one second 

Abrupt fall off 



• Cue the patient counting with six fingers “1…2…3…4…5…6” 
• Use incentive screen 

 

Case 2 
 

 

 

 

 

 

 

Glottic closure 
 

• Appears like early termination on FV curve 
• VT curve looks like it is drawn with a ruler 
• FET very short despite patient sustained effort 
• FET may not match the VT curve 
• Patient may report sudden tightening near larynx 

 

Correcting glottic closure 
 

• Instruct patient to try to relax upper airway 
• Instruct patient to relax, holding their head in a slight sniff position 
• The patient should continue to blow until being told to stop 

 

Case 3 

 

 

 

 

 

 

 
 

Abrupt flattening 
Cut off 

Abrupt flow 
fluctuations 



Cough 
 

• Cough in first second invalidates effort 
• Stop and reassess (patient may be unable to continue) 
• Some efforts may still be valid (if cough occurs > 1 second after start) 

 
Cough in first second 

 
• Deflection on the FV curve will be seen as well as dips in the VT curve at the one second mark 
• On the FV curve note the volume where the deflection occurs. Then go to the VT curve and look 

for a dip at the volume noted from the FV curve 
 

Case 4 

 

Slow start and hesitation 
 

• FV Curve will be leaning or shifted to the right without a brisk incline 
• VT Curve will display a slow take off 
• Back extrapolated volume will be too high 

 
Correcting slow start 

 
• Concentrate on a fast blast immediately after a full inhalation 
• Be enthusiastic and don’t settle on a poor effort! 

 

 
 
 
 
 
 

Slow start Slow start 



 
 
Case 5 

 

Poor initial blast/submaximal effort 
 

• FV Curve will display a rounded or flat peak 
• VT Curve will display decreased rise/slope 

 
Correcting poor initial blast 

 
• Reinstruct and demonstrate 
• “As hard and as fast as you can…” 
• Use examples 

 

 

Extrapolated volume (Vext) 
 Quantification of “delay” to reach linear portion of volume-time upstroke 

 Considered unacceptable if it exceeds 0.15 liters or 5% of the FVC, whichever is larger 

 

 

Rounded peak 



 

Case 6 

 

Extra breath 
 

• VT:  will see the start of a plateau and then another rapid rise 
• FV:  will see the flow start to increase again after it is first declining 

 

Correcting extra breaths 
 

• Instruct the patient to fully exhale in one long maneuver without stopping to pull more air in 
• A nose clip may also be necessary to prevent the patient from breathing in through their nose 

and breathing out through their mouth 
 

Case 7 

Reproducibility criteria 

• After 3 acceptable maneuvers have been obtained, assess whether the following reproducibility 
criteria are met: 

• The 2 largest FVC values are within 0.15 L of each other 

• Or, the 2 largest FEV1 values are within 0.15 L of each other 

• Spirometry Pre-test 

• FVC (L)  1.33 1.38 1.33 

• FEV1 (L)                 .80   .81   .79 

• The two largest of either the FVC or FEV1 values are within  0.15 L of each other 

 

Augmented curve Augmented flow 
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1. Miller M R, Hankinson J, Brusasco V et al. Standardisation of Spirometry. European Respiratory 
Journal 2005:26(2)319-38.  

2. American Thoracic Society. Guidelines for the measurement of respiratory function. Respiratory 
Medicine 1994 (88)165-194. 

3. Spirometry 360 Learning Laboratory. http://www.spirometry360.org/spiro360resources/ 
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Case 4 

 

Case 5 

 

Case 6

 

Case 7 

• Three acceptable efforts were obtained. Are these efforts considered reproducible? 

• FVC (L)  1.33 1.38 1.33 

• FEV1 (L)                  .80   .81   .79 
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Co-Chair of the American Thoracic Society Integrative Therapies Interest Group.  She 
runs the multidisciplinary Airway Clinic for patients with obstructive lung disease.  She is 
a member of the UCSD COPD Committee and is passionate about improvement in 
healthcare delivery for patients with COPD.  She also has a special interest in 
integrative medicine, particularly using mindfulness based practices to improve the 
quality of life for patients with chronic lung disease.   
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Inhaler	
  Device	
  Training	
  	
  

	
  
	
  

	
  	
  	
  	
  	
  	
  Table	
  1:	
  Inhaler	
  types	
  and	
  critical	
  steps	
  for	
  correct	
  use	
  
	
  

Type	
   Need	
  for	
  coordination	
   Speed	
  of	
  inhalation	
  

Metered	
  dose	
  inhaler	
  (MDI)	
   Yes	
   Slow	
  
3-­‐5	
  seconds	
  

Dry	
  powder	
  inhaler	
  (DPI)	
  
	
  

No,	
  but	
  sufficient	
  inspiratory	
  flow	
  
is	
  needed	
  

Fast	
  
1-­‐2	
  seconds	
  

Soft	
  mist	
  inhaler	
  (SMI)	
  
Respimat®	
   Yes	
   Slow	
  

3-­‐5	
  seconds	
  
	
  

Table	
  2:	
  Strategies	
  to	
  ensure	
  effective	
  use	
  of	
  inhaler	
  devices	
  
CHOOSE	
  

• Choose	
  the	
  most	
  appropriate	
  inhaler	
  for	
  the	
  patient	
  before	
  prescribing.	
  	
  Consider	
  patient	
  physical	
  
barriers	
  (e.g.	
  arthritis),	
  patient	
  skills,	
  medication	
  options,	
  the	
  available	
  devices,	
  and	
  cost.	
  	
  

• Avoid	
  use	
  of	
  multiple	
  different	
  inhaler	
  types	
  to	
  minimize	
  confusion.	
  
• If	
  options	
  are	
  available,	
  encourage	
  patient	
  participation	
  in	
  the	
  choice.	
  	
  
• For	
  MDIs,	
  use	
  of	
  a	
  spacer	
  improves	
  delivery	
  and	
  reduces	
  the	
  potential	
  for	
  side	
  effects.	
  
COACH	
  
• Build	
  knowledge	
  and	
  skills	
  (Educate	
  patient	
  about	
  action	
  of	
  medication,	
  role	
  (controller	
  vs.	
  rescue),	
  

dosing	
  and	
  frequency,	
  correct	
  inhaler	
  technique,	
  device	
  care,	
  priming,	
  and	
  knowing	
  when	
  to	
  get	
  
refills)	
  

• Engage	
  and	
  motivate	
  
CHECK	
  
• Check	
  inhaler	
  technique	
  at	
  every	
  opportunity.	
  
• Ask	
  the	
  patient	
  to	
  demonstrate	
  how	
  they	
  use	
  their	
  inhaler.	
  
• Identify	
  any	
  errors	
  using	
  a	
  device-­‐specific	
  checklist.	
  
CORRECT	
  
• Show	
  the	
  patient	
  how	
  to	
  use	
  the	
  device	
  correctly	
  with	
  a	
  physical	
  demonstration.	
  
• Check	
  technique	
  again.	
  	
  You	
  may	
  need	
  to	
  repeat	
  this	
  process	
  multiple	
  times	
  and	
  over	
  multiple	
  visits.	
  
• Consider	
  an	
  alternative	
  device	
  if	
  the	
  patient	
  cannot	
  use	
  the	
  inhaler	
  correctly	
  after	
  repeated	
  training.	
  
• Errors	
  in	
  technique	
  often	
  occur	
  within	
  4-­‐6	
  weeks	
  of	
  initial	
  training.	
  	
  
CONFIRM	
  
• Clinicians	
  should	
  be	
  able	
  to	
  demonstrate	
  correct	
  technique	
  for	
  each	
  of	
  the	
  inhalers	
  they	
  prescribe.	
  
• Pharmacists,	
  nurses,	
  and	
  respiratory	
  therapists	
  can	
  provide	
  highly	
  effective	
  inhaler	
  skills	
  training.	
  	
  
	
  
Adapted	
  from	
  Box	
  3-­‐11.	
  Global	
  Strategy	
  for	
  Asthma	
  Management	
  and	
  Prevention.	
  Updated	
  2016.	
  	
  
	
  



MDI MDI	
  with	
  spacer Respimat® Key	
  Education	
  Points	
  to	
  Review

1.	
  Check	
  dose	
  counter	
  before	
  each	
  use. 1.	
  Check	
  dose	
  counter	
  before	
  each	
  use.	
   1.	
  Check	
  dose	
  counter	
  before	
  each	
  use. �	
  	
  	
  	
  Action	
  of	
  medication

2.	
  Take	
  off	
  cap.	
   2.	
  Take	
  off	
  cap.	
  Put	
  mouthpiece	
  into	
  back	
  of	
  spacer.	
   2.	
  Hold	
  inhaler	
  upright.	
  	
  Keep	
  cap	
  closed.	
   � Identify	
  controller	
  vs.	
  rescue	
  

3.	
  Shake	
  inhaler	
  10	
  times.	
   3.	
  Shake	
  inhaler	
  10	
  times.	
  
3.	
  Turn	
  clear	
  base	
  in	
  the	
  direction	
  of	
  the	
  white	
  
arrows	
  on	
  the	
  label	
  until	
  it	
  clicks	
  (half	
  a	
  turn).	
  

� Reinforce	
  prescribed	
  dose	
  and	
  
frequency

4.	
  Stand	
  or	
  sit	
  up	
  straight.	
  	
  	
   4.	
  Stand	
  or	
  sit	
  up	
  straight.	
   4.	
  Flip	
  cap	
  open.	
  	
  
� Anticipatory	
  guidance	
  about	
  what	
  to	
  
expect.	
  

5.	
  Breathe	
  out	
  all	
  the	
  way.	
   5.	
  Breathe	
  out	
  all	
  the	
  way.	
   5.	
  Stand	
  or	
  sit	
  up	
  straight.	
  

� Potential	
  adverse	
  effects.	
  Instruct	
  to	
  
rinse	
  mouth,	
  gargle,	
  and	
  spit	
  after	
  use	
  of	
  
inhaled	
  corticosteroids.	
  

6.	
  Seal	
  lips	
  tightly	
  around	
  mouthpiece.	
   6.	
  Seal	
  lips	
  tightly	
  around	
  spacer	
  mouthpiece.	
   6.	
  Breathe	
  out	
  all	
  the	
  way.	
   � Correct	
  inhaler	
  technique

7.Start	
  breathing	
  in	
  slowly	
  and	
  press	
  down	
  on	
  the	
  
canister	
  one	
  time.	
  	
  Keep	
  breathing	
  in	
  SLOWLY	
  and	
  
DEEPLY.	
  

7.	
  Press	
  down	
  on	
  	
  canister	
  one	
  time.	
  	
  Then,	
  breathe	
  
in	
  SLOWLY	
  and	
  DEEPLY	
  through	
  mouth.	
  If	
  the	
  
spacer	
  whistles	
  like	
  a	
  harmonica,	
  inhalation	
  was	
  too	
  
fast.	
  

7.	
  Seal	
  lips	
  tightly	
  around	
  mouthpiece.	
  Do	
  not	
  cover	
  
air	
  vents.	
   � Inhaler	
  and	
  spacer	
  care.	
  

8.	
  	
  When	
  lungs	
  are	
  full,	
  take	
  inhaler	
  out	
  of	
  mouth.	
  	
  
8.	
  When	
  lungs	
  are	
  full,	
  take	
  spacer	
  out	
  of	
  your	
  
mouth.	
  	
  

8.	
  Start	
  breathing	
  in	
  slowly	
  and	
  press	
  down	
  on	
  the	
  
dose	
  release	
  button.	
  	
  Keep	
  breathing	
  in	
  SLOWLY	
  
and	
  DEEPLY.	
  	
  

� Priming.	
  See	
  inhaler	
  grid	
  for	
  inhaler-­‐
specific	
  instructions.	
  

9.	
  Hold	
  breath	
  for	
  10	
  seconds	
  or	
  as	
  long	
  as	
  one	
  can.	
  	
  
Breathe	
  out	
  normally.	
  

9.	
  Hold	
  	
  breath	
  for	
  10	
  seconds	
  or	
  as	
  long	
  as	
  one	
  
can.	
  	
  Breathe	
  out	
  normally.	
   9.	
  When	
  lungs	
  are	
  full	
  take	
  inhaler	
  out	
  of	
  mouth.	
  	
   � Knowing	
  when	
  to	
  get	
  refills.	
  

10.	
  If	
  another	
  puff	
  is	
  needed,	
  wait	
  one	
  minute.	
  	
  
Then	
  repeat	
  steps	
  3-­‐9.	
  

10.	
  	
  If	
  another	
  puff	
  of	
  medicine	
  is	
  needed,	
  wait	
  one	
  
minute.	
  	
  Then	
  repeat	
  steps	
  3-­‐9.	
  

10.	
  Hold	
  breath	
  for	
  10	
  seconds	
  or	
  as	
  long	
  as	
  one	
  
can.	
  

11.	
  Put	
  cap	
  back	
  oninhaler.	
   11.	
  Put	
  cap	
  back	
  on	
  inhaler.	
   11.	
  Breathe	
  out	
  normally.	
  	
  
12.	
  	
  If	
  another	
  puff	
  of	
  medicine	
  is	
  needed,	
  repeat	
  
steps	
  5-­‐11.	
  
13.	
  Close	
  cap	
  over	
  the	
  mouthpiece	
  after	
  each	
  use.	
  

Handihaler® Ellipta® Respiclick® Notes:	
  

1.	
  Pull	
  up	
  cap.	
   1.	
  Check	
  dose	
  counter	
  before	
  each	
  use. 1.	
  Check	
  dose	
  counter	
  before	
  each	
  use.	
  

2.	
  Pull	
  up	
  mouthpiece.	
  
2.	
  Slide	
  cover	
  down	
  until	
  it	
  "clicks".	
  This	
  loads	
  one	
  
dose	
  of	
  medicine	
  to	
  breathe	
  in.	
  

2.	
  Make	
  sure	
  cap	
  is	
  closed	
  before	
  each	
  dose	
  is	
  
taken.	
  

3.	
  Put	
  capsule	
  in	
  chamber.	
   3.	
  Stand	
  or	
  sit	
  up	
  straight.	
   3.	
  Hold	
  inhaler	
  straight	
  up.	
  	
  
4.	
  Close	
  mouthpiece	
  until	
  it	
  clicks.	
  	
  Hold	
  inhaler	
  so	
  
mouthpiece	
  faces	
  up.	
  

4.	
  Breathe	
  out	
  all	
  the	
  way.	
  Do	
  NOT	
  breathe	
  into	
  
mouthpiece. 4.	
  Pull	
  cap	
  all	
  the	
  way	
  back	
  until	
  it	
  "clicks".	
  

5.	
  Push	
  green	
  button	
  ONE	
  time.	
  	
   5.	
  Seal	
  lips	
  tightly	
  around	
  mouthpiece.	
   5.	
  Stand	
  or	
  sit	
  up	
  straight.	
  

6.	
  Stand	
  or	
  sit	
  up	
  straight.	
  	
  
6.	
  Breathe	
  in	
  FAST	
  and	
  DEEP	
  through	
  mouth.	
  	
  Do	
  
not	
  block	
  air	
  vents	
  with	
  fingers.	
  

6.	
  Breathe	
  out	
  all	
  the	
  way.	
  Do	
  NOT	
  breathe	
  into	
  
mouthpiece.	
  

7.	
  Breathe	
  out	
  all	
  the	
  way.	
  	
  Do	
  NOT	
  breathe	
  into	
  
mouthpiece. 7.	
  When	
  lungs	
  are	
  full	
  take	
  inhaler	
  out	
  of	
  mouth.	
   7.	
  Seal	
  lips	
  tightly	
  around	
  the	
  mouthpiece.	
  	
  

8.	
  Seal	
  lips	
  tightly	
  around	
  mouthpiece.	
  	
   8.	
  Hold	
  breath	
  for	
  at	
  least	
  3-­‐4	
  seconds.	
  
8.	
  Breathe	
  in	
  FAST	
  and	
  DEEP	
  through	
  mouth.	
  	
  Do	
  
NOT	
  block	
  vent	
  above	
  mouthpiece.

9.	
  Breathe	
  in	
  FAST	
  and	
  DEEP	
  through	
  mouth.	
  
Capsule	
  should	
  be	
  heard	
  "rattling"	
  in	
  the	
  chamber.	
   9.	
  Breathe	
  out	
  normally.	
  	
   9.	
  When	
  lungs	
  are	
  full	
  take	
  inhaler	
  out	
  of	
  mouth.	
  	
  
10.	
  When	
  lungs	
  are	
  full	
  take	
  inhaler	
  out	
  of	
  mouth.	
  	
   10.	
  Slide	
  cover	
  back	
  over	
  mouthpiece.	
   10.	
  Hold	
  breath	
  for	
  10	
  seconds	
  or	
  as	
  one	
  can.	
  	
  
11.	
  	
  Hold	
  breath	
  for	
  at	
  least	
  10	
  seconds	
  or	
  as	
  long	
  
as	
  one	
  can.	
   11.	
  Breathe	
  out	
  normally.	
  

12.	
  Breathe	
  out	
  normally.	
  	
  Repeat	
  steps	
  6-­‐12.	
  
12.	
  	
  Check	
  dose	
  counter	
  to	
  make	
  sure	
  dose	
  was	
  
breathed	
  in.	
  

13.	
  	
  Lift	
  up	
  mouthpiece.	
  	
  Shake	
  capsule	
  out	
  of	
  
chamber.	
  Do	
  not	
  touch	
  capsule.	
  	
   13.	
  Close	
  cap	
  over	
  mouthpiece	
  after	
  each	
  use.	
  

Inhaler	
  Device	
  Training	
  -­‐	
  Checklist



Short&acting,
anticholinergic,

Combination,,,,,,,,,,,,,,,,,,,,,,,,,,,
short&acting,

bronchodilator

ProAir®,HFA, ProAir®,Respiclick Proventil®,HFA Ventolin®,HFA Xopenex,HFA® Atrovent®,HFA Combivent®,Respimat®,

albuterol)sulfate albuterol)sulfate)))))))))))))))))))))
inhalation)powder

albuterol)sulfate albuterol)sulfate levalbuterol)tartrate ipratropium)bromide ipratropium)bromide))))))))))))
and)albuterol

Type,of,inhaler MDI MDI MDI MDI MDI MDI SMI

Dose,counter Yes Yes No Yes No Yes Yes;+counts+down+by+30

Adult,standard,,,,,,,,,,
daily,dosing,

172+inh+Q476+hrs+PRN 172+inh+Q476+hrs+PRN 172+inh+Q+476+hrs+PRN 172+inh+Q+476+hrs+PRN 172+inh+Q+476+hrs+PRN
2+inh+4x/d.++++++++++++++++++++++++++++++++++++

Not+to+exceed+12+inh/d

1+inh+up+to+4x/d.+++++++++++++++++++++++++++++++++++++++++

Not+to+exceed+6+inh/d

Shaking,and,,,,,,,,,,,,,,,,,,,,
priming

Shake+well+and+spray+3+times+

before+first+use+or+after+++++++++++++++++

2+weeks+of+no+use

N/A

Shake+well+and+spray+4+times+

before+first+use+or+after+++++++++++++++++

2+weeks+of+no+use

Shake+well+and+spray+4+times+

before+first+use+or+after+++++++++++++++++

2+weeks+of+no+use+or+++++++++++++++++

after+dropping

Shake+well+and+spray+4+times+

before+first+use+or+after+++++++++++++++++

3+days+of+no+use

Shake+well+and+spray+2+times+

before+first+use+or+after+++++++++++++++++

3+days+of+no+use

Do+not+shake.+Spray+4+times+

before+first+use+or+after+21+

days+of+no+use.++Spray+once+

after+3+days+of+no+use.

Aerospan®,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
80,mcg

Alvesco®,HFA,,,,,,,,,,,,,,,,,,,,,,,,,,,
80,mcg,,160,mcg

Arnuity™,Ellipta®,,,,,,,,,,
100,mcg,,200,mcg

Flovent®,Diskus®,,,,,,,,,,,,,,,,,
50,mcg,,100,mcg,,,,,,,,,,,,,,,

250,mcg

Flovent®,HFA,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
44,mcg,,110,mcg,,,,,,,,,,,,,,,

220,mcg

Pulmicort,Flexhaler™,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
90,mcg,,180,mcg

QVAR®,HFA,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
40,mcg,,80,mcg

Asmanex®,Twisthaler®,
110mcg,,220mcg

Asmanex®,HFA,,,,,,,,,,,,,,
100,mcg,,200,mcg

flunisolide cyclesonide fluticasone)furoate
fluticasone)propionate)
inhalation)powder

fluticasone)propionate budesonide)inhalation)powder beclomethasone)dipropionate
mometasone)furoate)))))))))))))))))))))))
inhalation)powder

mometasone)furoate

Type,of,inhaler MDI MDI DPI DPI MDI DPI MDI DPI MDI

Dose,counter No Yes Yes Yes Yes Yes Yes Yes Yes

Adult,standard,,,,,,,,,,,,,,,,,,

daily,dosing,1,,2

Low:+2+puffs+BID++++++++++++++++++++++++++++++

Med:+374+puffs+BID++++++++++++++++++++++++

High:+>4+puffs+BID++++

Low:+807160+mcg+++++++++++++++++++++++++++

Medium:+>+1607320mcg++++++

High+>+3200+mcg

Initial:+100mcg+1+inh+QD+++++
Max:+200mcg+1+inh+QD++++++++++++++++++++++++++++++++++++++++++++++

Low:+100+7+300+mcg+++++++++++++++++++++

Medium:+300+7+500+mcg+++++

High:+>+500+mcg

Low:+88+7+264+mcg+++++++++++++++++++++++

Medium:+264+7+440+mcg++++++

High:+>+440+mcg

Low:+180+7+600+mcg+++++++

Medium:+600+7+1200+mcg++++++

High+>+1200+mcg

Low:+80+7240+mcg+++++++++++

Medium:+>240+7+480+mcg+++++++

High:+>+480+mcg

Low:+200+mcg+++++++++++++++++++++++++++++++++++

Medium:+400mcg+++++++++++++++++++++++

High:+>+400+mcg

Low:+100mcg+1+puff+BID++++++++++++++

Med:+200+mcg+1+puff+BID++++++++++++++++

High:+200mcg+2+puffs+BID

Shaking,and,,,,,,,,,,,,,,,,,,,,,
priming

Shake+well+and+spray+2+times+

before+first+use+or+after+++++++++++++++++

2+weeks+of+no+use.

Shake+well+and+spray+3+times+

before+first+use+or+after++++++++++++++++

10+days+of+no+use.

N/A N/A

Spray+4+times+before+first+use.++

Spray+1+time+after+7+days+of+++++++++++++++++

no+use+or+after+dropping.+

Shake+well+for+5+seconds+++++++++++++++++

before+each+spray.+

Do+not+shake.++++++++++++++++++++++++++++++++

To+prime,+twist+and+click+++++++++++++++++

2+times+before+first+use.

Shake+well+and+spray+2+times+

before+first+use+or+after+++++++++++++++++

10+days+of+no+use.

N/A

+Shake+well+and+spray+4+times+

before+first+use+or+++++++++++++++++++++++++++++++++

5+days+of+no+use.+

Short&acting,beta2&agonist,

Name

Name

Short&acting,bronchodilators This,document,is,intended,for,clinical,use,only.,

Notes:,

Inhaled,corticosteroids,(ICS)

Sources:,,++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
1.+National+Institutes+of+Health.+Estimated+Comparative+Daily+

Doses+of+Inhaled+Corticosteroids.+Guidelines+from+the+National+

Asthma+Education+and+Prevention+Program:+Expert+Panel+

Report+3.++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

2.+Global+Initiative+for+Asthma.++Low,+medium,+and+high+daily+

doses+of+inhaled+corticosteroids+(mcg).+Global+Strategy+for+

Asthma+Management+and+Prevention:+Updated+2016.++

+++

.+



Arcapta™(Neohaler™ Foradil®(Aerolizer® Serevent®(Diskus® Striverdi®Respimat® Incruse®(Ellipta® Seebri™(Neohaler® Spiriva®(Handihaler®
Spiriva®(Respimat®(((((((((((((((((((((((((
1.25mcg,(2.5(mcg Tudorza®(Pressair®

indacaterol+++++++++++++++++++++++++++++++++++++
inhalation+powder

formoterol+fumarate+
inhalation+powder

salmeterol+xinafoate+++++++++++++++++++++++
inhalation+powder

olodaterol umeclidinium glycopyrrolate tiotropium+bromide tiotropium+bromide aclidinium+bromide

Type(of(inhaler DPI DPI DPI SMI DPI DPI DPI SMI DPI

Dose(counter No No Yes Yes Yes No No Yes Yes

Adult(standard((((((((((
daily(dosing

1,inh,once,daily 1,inh,Q12,hr 1,inh,Q12,hr, 2,inh,once,daily 1,inh,once,daily 1,inh,Q12,hr 1,cap,once,daily
Asthma:,1.25mcg,,,,,,,,,,,,,,,,,,,,,,,,,,
COPD,2.5mcg,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
2,inh,once,daily,,,,,,,,,,,,,,,,,,,,,,,,,,,,

1,inh,Q12,hr

Shaking(and(
priming

N/A N/A N/A

Do,not,shake.,Spray,4,times,
before,first,use,or,after,21,
days,of,no,use.,,Spray,once,
after,3,days,of,no,use.

N/A N/A N/A

Do,not,shake.,Spray,4,times,
before,first,use,or,after,21,
days,of,no,use.,Spray,once,
after,3,days,of,no,use.

N/A

Advair(Diskus®((((((((((((((((((((((
100/50((((((((((((((((((((((((((
250/50(((((((((((((((((((((((((((((((((((((
500/50

Advair®(HFA(((((((((((((((((((((

45/21(((((((((((((((((((((((((((((((
115/21(((((((((((((((((((((((
230/21

Breo®(Ellipta®((((((((((((((((
100/25(((((((((((((((((((((((((((((
200/25

Dulera®(HFA(((((((((((((((((((((((((((
100/5((((((((((((((((((((((((((((((((((((((
200/5

Symbicort®(HFA(((((((((((((((((((
80/4.5(((((((((((((((((((((((((((
160/4.5

Anoro®(Ellipta® Bevespi(Aerosphere™ Stiolto™(Respimat® Utibron™(Neohaler®

fluticasone+propionate+and+
salmeterol+inhalation+powder

fluticasone+propionate+and+
salmeterol+

fluticasone+furoate+and+
vilanterol

mometasone+and+++++++++++++++++++++++++++++
formoterol

budesonide+and+++++++++++++++
formoterol

umeclidinium+and+++++++++++++++++++++++++++
vilanterol

glycopyrrolate+and++++++++++++++++++++++
formoterol+fumarate

tiotroipum+bromide+and+
olodaterol

glycopyrrolate+and++++++++++++++++++++++++++
indacaterol

Type(of(inhaler DPI MDI DPI MDI MDI DPI MDI SMI DPI

Dose(counter Yes Yes Yes Yes Yes Yes Yes Yes No

Adult(standard((((((((((((((((((((((((
daily(dosing

Low:,100/50,1,inh,Q12,hr,,,,,,
Med:,250/50,1,inh,Q12,hr,,,,,,,
High:,500/50,1,inh,Q12,hr

Low:,45/21,2,inh,Q12,hr,,,,,,,,,
Med:,115/21,2,inh,Q12,hr,,,,,
High:,230/21,2,inh,Q12,hr

Asthma:,100/25,,200/25,,,,,,,,,,,,
COPD:,100/25,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
1,inh,once,daily

Med:,100/5,2,puffs,Q12,hr,,,,,,,,,,,
High:,200/5,2,puffs,Q12,hr

Low:,80/5,2,puffs,Q12,hr,,,,,,,,,,,,,,
Med:,160/4.5,2,puffs,Q12hr

1,inh,once,daily 2,inh,Q12,hr 2,inh,once,daily 1,capsule,Q12,hr

Shaking(and((((((((((((((((((((
priming

N/A

Spray,4,times,before,first,use.,,
Spray,2,times,after,4,weeks,of,

no,use,or,after,dropping.,,
Shake,well,for,5,seconds,

before,each,spray.,

N/A
Shake,well,and,spray,4,times,

before,first,use,or,after,,,,,,,,,,,,,,,,,
5,days,of,no,use.

Shake,for,5,seconds,and,spray,
2,times,before,first,use,or,,

after,7,days,of,no,use,or,after,
dropping

N/A

,Shake,well,and,spray,4,times,
before,first,use.,,Shake,well,
and,spray,2,times,after,each,

cleaning,or,if,after,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
7,days,of,no,use.,

Do,not,shake.,Spray,4,times,
before,first,use,or,after,21,
days,of,no,use.,Spray,once,
after,3,days,of,no,use.

N/A

Name

Combination(medications

Inhaled(corticosteroid(and(longTacting(beta2Tagonist LongTacting(beta2Tagonist(and(longTacting(anticholinergic

LongTacting(bronchodilators

LongTacting(beta2Tagonist((LABA) LongTacting(anticholinergic

Name



How to Use Your Aerospan®   

What do I need to know about this 
inhaler before first use?  

 

This inhaler is made of 3 parts 

• Medicine canister 

• Canister holder (purple) 

• Spacer (gray) 

 

• Do not separate the canister holder from the 
spacer.  

• Do not use the canister holder and spacer with 
any other medicine canisters. 

• Do not use the medicine canister with any 
medicine holders from other inhalers.  

• Do not use this inhaler with any other spacers.   

 

 

 

 

Updated:  9/2017 

Medicine canister 

Canister holder 

Spacer 

1. Pull the canister 

holder out from the 

spacer.   

2. Grip the spacer. 

Pull the lip at the 

top of the medicine 

canister. Snap the 

inhaler into an “L” 

shape.  

3.  Make sure the 

guide lines on the  

canister holder and 

spacer line up. The 

inhaler is now 

ready to use.  

How do I open and position this inhaler for first use? 



How to Use Your Aerospan®   

 

1. Open and position your inhaler.  Pull the 
canister holder out from the spacer.  Snap 
into an “L” shape.   

 

2.  Shake the inhaler 10 times.  

 

3. Stand up or sit up straight.   

 

4.  Turn your head away from the inhaler.  
Breathe out all the way.   

 

5. Seal your lips tightly around the 
mouthpiece.  

 

6.  As you start breathing in, press down on the 
canister one time.  Keep breathing in 
SLOWLY (3-5 seconds) and DEEPLY 
through your mouth.  

 

7.  When your lungs are full take the inhaler out 
of your mouth.  

 

8.  Hold your breath for 10 seconds or as long 
as you can.  

 

9.  Breathe out slowly.  

 

10. If you need to take another puff of 
medicine, wait 1 minute and repeat steps   
2-8.   

 

Updated:  9/2017 

 

Note:  

After using steroid inhalers like Aerospan®: 

• Rinse your mouth 

• Gargle 

• Spit the water out 

• DO NOT SWALLOW THE WATER 

 



Aerospan®  Tips 

What is priming? 

• Priming gets your inhaler ready to release full doses of medicine.   

When do I prime my inhaler? 

• Prime your inhaler when it is brand new or has not been used for 2 weeks.  

How do I prime my inhaler? 

1.  Open and position your inhaler.  Pull the canister holder out from the spacer.  Snap into an “L” 
shape.  

2.  Shake the inhaler 10 times.  

3.  Point the mouthpiece away from you.  

4. Push down on the canister 2 times to release 2 sprays.   

How do I care for my inhaler?  

• Keep your inhaler at room temperature. 

How do I know when I need a refill of my inhaler?  

• This inhaler dose not have a dose counter.  You will need to keep track of the doses you use. 

• Divide the starting number of doses by the number of doses used per day.  

• This gives you the number of days your inhaler will last for. Mark your calendar with the date 
your inhaler runs out on. 

 
• Contact the pharmacy to get a refill before your medicine runs out.  Ask for a refill when you 

have 5 days of medicine left.  

• You can also talk to your pharmacy about getting automatic refills.  

• Do not use the inhaler past the expiration date.  If expired, throw the inhaler away and ask for a 

refill.   
 
 

Adapted from:  

Meda Pharmaeuticals, Inc.  (2017). Aerospan®: Highlights of prescribing information.  Somerset, NJ: Author.   

 

Updated:  9/2017 

Talk to your health care provider  

if you have questions  

about your Aerospan®.   



Aerospan® Tips 

How do I know when I need a refill? 

• When this inhaler is brand new, it has either 60 or 120 doses.   

• This inhaler does not have a dose counter.  Track your doses so you know when your inhaler 
is running low and you need a refill.   

• Since this inhaler is to be used regularly, you can track your doses by using either one of these 
methods: 

1. Divide the starting number of doses by the number of doses used per day.  This gives you the 
number of days your inhaler will last.  Mark your calendar when your inhaler runs out.  About 5 
days before this date, contact your pharmacy to get a refill.   

2. Use a check off chart.  
 

 

 

 

 

 

 

Updated:  10/7/2016 

Talk to your health care provider  

if you have questions  

about your Aerospan®.   

• If your canister has 60 sprays, use the   

Aerospan® 60 sprays check off chart.  

 

• If your canister has 120 sprays, use the   

Aerospan® 120 sprays check off chart.  



 

1.  Check the dose counter before each use.  

 

2.  Hold the inhaler and push the thumb grip            

all the way back until it clicks.   

 

3.  Hold the inhaler flat and                                    

slide the lever back until it clicks.     

 

4.  Stand or sit up straight.  Turn your head away 

from the inhaler.  Breathe out all the way.                                          

DO NOT breathe into the inhaler.  

 

5.  Seal your lips tightly around the mouthpiece. 

Breathe in FAST (1-2 seconds) and DEEP     

through your mouth.   

 

6. When your lungs are full take the inhaler           

out of your mouth. Hold your breath for                             

10 seconds or as long as you can.  

 

 7.  Breathe out normally.                                        

Put your thumb in the grip.   

 

8.  Slide the thumb grip to the starting                

position to close the inhaler.   

 

After using steroid inhalers like Advair® or Flovent 

Diskus®: 

• Rinse your mouth 

• Gargle 

• Spit the water out 

• DO NOT SWALLOW THE WATER 

How to Use Your Diskus® 

Updated:  9/2017 



Diskus® Tips 

Do I need to prime the Diskus®? 

• This inhaler does not need to be primed.  
 

How do I care for my Diskus®? 

• Store this inhaler in the foil pouch and only open 
when you are ready to use it. 

• Write the date you opened the foil pouch on the 
first blank line on the label. 

• Write the “use by” date on the second line.  This 
date is 1 month after first opened.  Do not use 
after this date.  

• Keep this inhaler in a dry place.  

• Keep this inhaler at room temperature. 

• Do not wash or take this inhaler apart. 

• If the mouthpiece needs to be cleaned, wipe off 
with a dry cloth.  

 

How do I know when I need a refill? 

• The dose counter shows the number of doses 
left in the inhaler.   

• When this inhaler is brand new, it has 60 doses.  

• The dose counter counts down by 1.  

• When the dose counter reaches 5, it will turn red.  
Contact the pharmacy to get a refill.  

• When the dose counter reaches “0”, it is empty.  
Throw it away.   

• Do not use the inhaler past the expiration date. If 
expired, throw it away and ask for a refill.   

 

Talk to your  

health care provider  

if you have questions  

about your Diskus®.  

Updated:  9/2017 

The Diskus® is a dry powder inhaler.  
When you breathe in a dose,          

you may or may not feel or taste the 
medicine.   

Adapted from:  

GlaxoSmithKline. (2017) Advair® Diskus®: Highlights of prescribing information.  Research Triangle Park, NC: Author.  



How to Use Your Ellipta®   

1.  Check the dose counter before each use.  

 

2.  Slide the cover down.  You should hear a 
“click”.  This loads one dose of medicine for 
you to breathe in.  The dose counter will 
count down by one.   

 

3.  Stand or sit up straight.   

 

4.  Turn your head away from the inhaler.  
Breathe out all the way.  DO NOT breathe 
into the inhaler.   

 

5.  Seal your lips tightly around the 
mouthpiece. DO NOT block the air vent 
with your fingers.   

 

6.  Breathe in FAST (1-2 seconds) and DEEP 
through your mouth.   

 

7.  When your lungs are full, take the inhaler 
out of your mouth.   

 

8.  Hold your breath for 3-4 seconds or as long 
as you can.  

 

9.  Breathe out normally.   

 

10. Slide the cover back over the mouthpiece.  

 

After using steroid inhalers like the Arnuity® or 
Breo® Ellipta®: 

• Rinse your mouth 

• Gargle 

• Spit the water out 

• DO NOT SWALLOW THE WATER 

 

 

 

 

 

Updated:  9/2017 

Note:  
 
If you open and close the cover without 
inhaling a dose of medicine, you will 
lose the dose.   
 
The lost dose will be held inside the   
inhaler but will not be available for you 
to breathe in. 
 
 

The Ellipta® is a dry powder inhaler.   

When you breathe in a dose,                 

you may or may not feel or taste            

the medicine. 

Air vent 



Ellipta® Tips 

Do I need to prime the Ellipta®? 

• This inhaler does not need to be primed.  

 

How do I care for my Ellipta®? 

• Keep this inhaler in the foil tray and only open when you are ready to use it.  

• Write the date you opened the foil tray on the inhaler label.   

• Write the “Discard” date on the inhaler label.  This is 6 weeks after the tray is opened.  Do not 
use the inhaler past the “Discard” date.   

• Keep this inhaler in a dry place.   

• Keep this inhaler at room temperature.   

• If the mouthpiece needs to be cleaned, wipe off with a dry cloth. 

 

How do I know when I need a refill? 

• The dose counter shows the number of doses left in the inhaler.   

• When this inhaler is brand new, it has 30 doses.   

• The dose counter counts down by 1.    

• When there are fewer than 10 doses left, the dose counter turns red.  Contact the pharmacy to 
get a refill.   

• When the dose counter reaches “0” the inhaler is empty.  Throw it away.   

• Do not use the inhaler past the expiration date. If expired, throw the inhaler away and ask for a 

refill.   

 

Adapted from: 

GlaxoSmithKline.  (2017). Breo® Ellipta®: Highlights of prescribing information.  Research Triangle Park, NC: Author.  

 

 

Updated:  9//2017 

Talk to your health care provider  

if you have questions  

about your Ellipta®.  



How to Use Your Flexhaler®   

1.  Check the dose counter before each use.  

 

2.  Twist the cap off.  

 

3.  Hold the inhaler straight up.  Twist the 
brown grip in one direction as far as it will 
go.  Then twist the brown grip in the other 
direction as far as it will go.  You will hear a 
“click” during one of the twists.  This loads 
one dose of medicine for you to breathe in.  
DO NOT shake the inhaler.   

 

4.  Stand or sit up straight.   

 

5.  Turn your head away from the inhaler.  
Breathe out all the way.  DO NOT breathe 
into the inhaler.  

 

6.  Hold the inhaler on its side.  Seal your lips 
tightly around the mouthpiece.  

 

7.   Breathe in FAST and DEEP (1-2 seconds). 

 

8.  When your lungs are full, take the inhaler 
out of your mouth.   

 

9.  Hold your breath for 10 seconds or as long 
as you can.  

 

10. Breathe out normally.   

 

11. If more than one dose is prescribed, repeat 
steps 3-8.  

 

12. Twist the cap back onto the inhaler.  

 

 

Updated:  9/2017 

After using steroid inhalers like the     
Flexhaler®: 

• Rinse your mouth 

• Gargle 

• Spit the water out 

• DO NOT SWALLOW THE WATER 

 

The Flexhaler® is a dry powder inhaler.  

When you breathe in a dose,                 

you may or may not feel or taste            

the medicine. 



Flexhaler® Tips 

What is priming? 

• Priming gets your inhaler ready to release full doses of medicine.  

When do I need to prime the Flexhaler®? 

• Prime this inhaler before you use it for the first time.  

How do I prime the Flexhaler®? 

1) Twist the cap off.  

2) Hold the inhaler straight up.  Twist the brown grip in one direction as far as it will go.  Then twist 
the brown grip in the other direction as far as it will go.  You will hear a “click” during one of the 
twists.   

3) Repeat step 2.  The inhaler is now primed.  It is ready for loading your first dose of medicine.   

4) You do not have to prime this inhaler again, even if you do not use it for a long period of time.   

How do I care for my Flexhaler®? 

• Keep this inhaler in a dry place with the cap tightly in place.  

• Keep this inhaler at room temperature.  

• Do not wash or take this inhaler apart.  

• If the mouthpiece needs to be cleaned, wipe off with a dry cloth.  

How do I know when I need a refill? 

• The dose counter shows the number of doses left in the inhaler.  

• When this inhaler is brand new, it has 120 doses.  

• The dose counter counts down by 10 doses.   

• When the dose counter reaches 20, contact the pharmacy to get a refill.   

• When the dose counter reaches “0” it is empty.  Throw it away.    

• Do not use the inhaler past the expiration date. If expired, throw the inhaler away and ask for a 
refill.   

Adapted from: 

AstraZeneca (2016).  Pulmicort Flexhaler®: Highlights of prescribing information.  Wilmington, DE: Author:  

 

Updated:  9/20/2017 

Talk to your health care provider  

if you have questions  

about your Flexhaler®.  



 

1.  Pull up the cap.  

 

2.  Pull up the mouthpiece so the chamber shows.  

Put the capsule in the chamber.  

 

3.  Close the mouthpiece until you hear a click.     

Hold the inhaler so the mouthpiece faces up.   

 

4.  Push the green button once.  Do not press                 

the green button more than one time.   

 

5.  Stand or sit up straight.  Turn your head away 

from the inhaler.  Breathe out all the way.              

DO NOT breathe into the inhaler.   

 

6.  Seal your lips tightly around the mouthpiece.  

Breathe in FAST and DEEP through your mouth. 

You should hear the capsule rattle or feel it vibrate. 

 

 7.  When your lungs are full take the inhaler           

out of your mouth.  Hold your breath for                  

10 seconds or as long as you can.  

 

8.  Breathe out normally.                                     

Then, repeat steps 5-7.   

 

9.  Lift up the mouthpiece.  Shake the capsule        

out of the chamber.  Do not touch the capsule.              

After each use, close the cap over the mouthpiece.  

How to Use Your Handihaler® 

Updated: 9/2017 



HandiHaler® Tips 

Do I need to prime the HandiHaler®? 

• This inhaler does not need to be primed.  
 

How do I get the most out of my 
HandiHaler®? 

• DO NOT SWALLOW THE CAPSULES.  

• A brand new box will have a new inhaler and 
30 capsules. Use a new inhaler each month.   

• Take the capsules out of the foil pouch when 
you are ready to take a dose.   

• The capsules are to be breathed in using 
your Handihaler®.  

• Breathe in fast enough through your mouth 
to hear the capsule rattling in the chamber.  

• If you do not hear this rattling sound, tap the 
inhaler against a hard surface.  Then 
breathe in fast again.   

 

Can I touch the capsule after I breathe in the 
medicine? 

• Do not touch the capsule.  

• If you touch the capsule, wash your hands 
right away.   

 

How do I know when I need a refill? 

• When there are 5 capsules left, contact the 
pharmacy to get a refill.   

• Do not use the capsules past the expiration 
date.  If expired, throw away. Ask for a refill.  

How do I clean my HandiHaler®? 

• If the mouthpiece needs to be cleaned, 
wipe off with a clean, damp cloth. 

• Clean the inhaler as needed. 

• Clean right after you take your dose.  It 
takes 24 hours for the inhaler to dry.  

• Open the cap and mouthpiece.  

• Open the base by lifting the green 
button.  

• Look in the chamber for capsule pieces 
or powder buildup. If seen, tap out.  

• Rinse the inhaler with warm water.  
Press the green button a few times as 
the  chamber and piercing needle are 
rinsed.  

• Dry the inhaler. Tip the excess water out. 
Leave the cap, mouthpiece, and base 
open fully spread out. Let air dry.  

Talk to your  

health care provider  

if you have questions  

about your HandiHaler®.  

 Updated: 9/2017 

Adapted from:  

Boehringer-Ingelheim Pharmaceuticals, Inc. (2016). Spiriva® Handihaler®: Highlights of prescribing information.  

Ridgefield, CT. Author.  



 

1. Check the dose counter before each use.  

 

2. Take off the cap.  

 

3. Shake the inhaler 10 times.   

 

4.  Stand or sit up straight.  Turn your head away 

from the inhaler.  Breathe out all the way.   

 

5.  Seal your lips tightly around the mouthpiece.     

As you start breathing in, press down on the       

canister one time. Keep breathing in SLOWLY                     

and DEEPLY (3-5 seconds) through your mouth.   

 

6.  When your lungs are full take the inhaler out of 

your mouth.  Hold your breath for 10 seconds         

or as long as you can.  Breathe out normally.   

 

 7.  If you need to take another puff of medicine,    

wait one minute.  Then repeat steps 3-6.   

 

8.  Put the cap back on.  

REMINDERS: 

• Timing when you press down on the canister 

with your breath in will get more medicine to 

your lungs.  

• After using inhalers with steroids:  

 Rinse your mouth, gargle, and then spit 

the water out 

 DO NOT SWALLOW THE WATER 

.  

How to Use Your Mist Inhaler with a Closed Mouth  

Updated:  9/2017 



 

1. Check the dose counter before each use.  

 

2.  Take off the cap.  

 

3.  Put the mouthpiece into the back of the spacer.    

 

4.  Shake the inhaler 10 times.   

 

5.  Stand or sit up straight.                                     

Turn your head away from the inhaler.            

Breathe out all the way.   

 

6.  Seal your lips tightly around the spacer 

mouthpiece.  Press down on the canister one time.  

Then breathe in SLOWLY and DEEPLY                  

(3-5 seconds) through your mouth.      

 

 7.  When your lungs are full take the spacer out of 

your mouth.  Hold your breath for 10 seconds         

or long as you can. Then, breathe out slowly.  

 

8.  If you need to take another puff of medicine,     

wait one minute and repeat steps 4-7.   

REMINDERS: 

• Some spacers whistle to let you know you are 

breathing in too fast.  Slow down as you breathe 

in the medicine.    

• After using inhalers with steroids:  

 Rinse your mouth, gargle, and spit the 
water out 

 DO NOT SWALLOW THE WATER 

.  

How to Use Your Mist Inhaler with a Spacer 

Updated:  9/2017 



Mist Inhaler Tips 

What is priming? 

• Priming gets your inhaler ready to release full doses of medicine.   

When do I prime my inhaler? 

• Prime your inhaler before you use it for the first time or if it has not been used for a period of 

time.  

How do I prime my inhaler?  

1.  Remove the cap 

2.  Shake the inhaler 10 times 

3.  Point the mouthpiece away from you 

4. Push down on the canister to release a spray 

5.  For medicines with an (*) shake well before each spray.  

Use the chart below to find out how many sprays are needed to prime your inhaler and when this 
needs to be done.   

If you have questions about  

priming your mist inhaler,  

talk to your health care provider.  

Updated: 9/2017 

Medicine 
Advair®  

HFA * 

Aerospan®  

 

Alvesco® 

HFA 

Asmanex®  

HFA 

Atrovent®  

HFA 

Bevespi 

Aerosphere™ 

Dulera®  

HFA 

Number of 

sprays before                   

first use 

4 2 3 5 2 4 4 

Number of 

sprays after   

period of no use 

2 after 

4 weeks 

2 after 

2 weeks 

 3 after 

 10 days 

5 after 

5 days 

2 after 

3 days 

2 after 

1 week  

4 after 

5 days 

Medicine 
Flovent®  

HFA * 

Pro Air®  

HFA 

Proventil®  

HFA 

QVAR®  

HFA 

Symbicort®  

HFA 

Ventolin®  

HFA 

Xopenex®  

HFA 

Number of 

sprays before                  

first use 
4 3 4 2 2 4 4 

Number of 

sprays after    

period of no use 

1 after 

1 week 

3 after 

2 weeks 

4 after 

2 weeks 

2 after 

10 days 

2 after 

1 week 

4 after 

2 weeks 

4 after 

3 days 



Mist Inhaler Tips  
 

How do I care for my mist inhaler and spacer? 

• Keep your inhaler at room temperature.  

• Before use, make sure the mouthpieces of the  

      inhaler and spacer are clean and not blocked. 

      

 

 

 

 

 

 

 

 

 

 

 

How do I know when I need a refill? 

• If your inhaler has a dose counter, check it before each use.  

• If your inhaler does not have a dose counter: 

 Find out how many doses your inhaler starts with when it is brand new.  

 For inhalers that you do not use regularly: 

• Keep track of how many doses you use.  Subtract the number of doses used from 

the starting number of doses.  This tells you how many doses are left.  

 For inhalers that you use regularly: 

• Divide the starting number of doses by the number of doses used per day.  

• This gives you the number of days your inhaler will last for. Mark your calendar 

with the date your inhaler runs out on. 

• Contact the pharmacy to get a refill before your medicine has run out.  Ask for a refill when you 

have 5 days of medicine left.  

• You can also talk to your pharmacy about getting automatic refills.  

• Do not use the inhaler past the expiration date. If expired, throw away. Ask for a refill.   

 Updated: 9/2017 

Clean your mist inhaler once a week to keep 

it from getting clogged*: 

1. Take off the cap. 

2. Take the canister out of the mouthpiece. 

3. Rinse the mouthpiece with warm water. 

4. Shake off the extra water.  

5. Let the mouthpiece air-dry over night. 

6. Put the canister back into the mouthpiece for 

use. 

* Aerospan, Alvesco, Asmanex, Advair, Dulera, 

Flovent, QVAR, and Symbicort do not need to 

be cleaned.  

Clean the spacer once a week: 

1. Follow the spacer manufacturer’s     

cleaning instructions.                 
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How to Use Your Pressair®   

1.  Check the dose counter before each use.  
 

2.  Remove the cap by squeezing the arrows 
on each side of the cap and pulling off.  

 

3.  Hold the inhaler with the mouthpiece facing 
you. The green button should face straight 
up.   

 

4.  Press the green button all the way down 
and release.  

 

5.  Check the control window to make sure 
your dose is ready. When the control 
window is green, your medicine is ready to 
be breathed in.  If the control window is red, 
press the green button all the way down 
and release.  Repeat this until the control 
window is green.  Now the dose is ready.   

 

6. Stand or sit up straight.   
 

7.  Turn your head away from the inhaler.  
Breathe out all the way.  DO NOT breathe 
into this inhaler.   

 

8.  Seal your lips tightly around the 
mouthpiece.  

 

9.  Breathe in FAST and DEEP (1-2 seconds) 
through your mouth.  Breathe in until you  
hear a “click”.  Keep breathing in even after 
you have heard the “click” to be sure you 
get a full dose.   

 

10. When your lungs are full, take the inhaler   
out of your mouth.   

 

11. Hold your breath for 10 seconds or as long 
as you can.   

 

 

 

 

 

Updated:  9/2017 

12.  Breathe out normally.   

 

13. Check the control window.  If it is red you 
have breathed in a full dose of medicine.  
If the control window is still green, repeat 
steps 6-9.   

 

14. Put the cap over the mouthpiece after 
each use.  

 

The Pressair® is a dry powder inhaler.  

When you breathe in a dose,                 

you may or may not feel or taste            

the medicine. 



Pressair® Tips 

Do I need to prime the Pressair®? 

• This inhaler does not need to be primed.  

 

How do I care for my Pressair®? 

• Store this inhaler in the foil pouch and only open when you are ready to use it.  

• Write the date you opened the foil pouch on your calendar.  

• Write the “Discard” date on your calendar.  This is 45 days after the date you opened the foil 
pouch.  Do not use the inhaler past the “Discard” date.   

• Keep this inhaler in a dry place.   

• Keep this inhaler at room temperature.   

• Do not wash or take this inhaler apart.   

• If the mouthpiece needs to be cleaned, wipe off with a dry cloth.  

 

How do I know when I need a refill? 

• The dose counter shows the number of doses left in the inhaler.   

• When this inhaler is brand new, it has 60 doses.   

• The dose counter counts down by 10.   

• When the dose counter turns red, there are few doses left.  Contact the pharmacy to get a refill.   

• When the dose counter reaches “0”, it is empty.  The device will lock.  Throw it away. 

• Do not use the inhaler past the expiration date.  If expired, throw the inhaler away and ask for a 
refill.  

 

Adapted from: 

AstraZeneca Pharmaceuticals LP.  (2015).  Tudorza® Pressair®: Highlights of prescribing information.  Wilmington, 
DE: Author.   

 

Updated:  9/2017 

Talk to your health care provider  

if you have questions  

about your Pressair®. 



How to Use Your Respiclick®   

1.  Check the dose counter before each use.  

 

2.  Make sure the cap is closed before you take 
a dose.  

 

3.  Hold the inhaler straight up.  Pull the cap all 
the way back until you hear a “click”.    

 

4. Stand or sit up straight.   

 

5.  Turn your head away from the inhaler.  
Breathe out all the way.  DO NOT breathe 
into the inhaler.   

 

6.  Seal your lips tightly around the 
mouthpiece. DO NOT block the vent above 
the mouthpiece. 

 

7. Breathe in FAST and DEEP (1-2 seconds) 
through your mouth.   

 

8.  When your lungs are full, take the inhaler 
out of your mouth.   

 

9.  Hold your breath for 10 seconds or as long 
as you can.  

 

10. Breathe out normally.   

 

11. Check the dose counter to make sure you   
breathed in the dose.  

 

12. Close the cap over the mouthpiece after 
each use.   

 

13. If you need another dose, repeat steps      
1-10.   

Updated:  9/2017 

 

The Respiclick® is a dry powder inhaler.  

When you breathe in a dose,                 

you may or may not feel or taste            

the medicine. 



Respiclick® Tips 

Do I need to prime the Respiclick®? 

• This inhaler does not need to be primed.  

 

How do I care for my Respiclick®? 

• Store this inhaler in the foil pouch and only open when you are ready to use it.  

• Keep this inhaler in a dry place.  

• Keep this inhaler at room temperature.  

• Do not wash or take this inhaler apart.  

• If the mouthpiece needs to be cleaned, wipe off with a dry cloth.  

 

How do I know when I need a refill? 

• The dose counter shows the number of doses left in the inhaler. 

• When this inhaler is brand new, it has 200 doses.  

• The dose counter counts down by 2.   

• When the dose counter reaches 20, it will turn red.  Contact the pharmacy to get a refill.   

• When the dose counter reaches “0”, it is empty.  Throw it away.    

• Do not use the inhaler past the expiration date.  If expired, throw the inhaler away and ask for a 
refill.  

 

 

 

Adapted from:  

Teva Respiratory LLC. (2017).  ProAir® Respiclick®: Highlights of prescribing information.  Horsham, PA: Author.  

 

Updated:  9/2017 

Talk to your health care provider  

if you have questions  

about your Respiclick®.  



 

1.  Check the dose counter before each use.  

 

2.  Hold the inhaler upright.                                  

Keep the cap closed.     

 

3.  Turn the clear base in the direction of the white 

arrows on the label until it clicks (half a turn).  

 

4.  Flip the cap open.  

 

5.  Stand or sit up straight.  Turn your head away 

from the inhaler.  Breathe out all the way.   

 

6.  Seal your lips tightly around the mouthpiece.    

Do not cover the air vents.    

 

 7.  As you start breathing in slowly, press down on 

the dose release button.  Keep breathing in       

SLOWLY and DEEPLY (3-5 seconds). 

 

8.  When your lungs are full take the inhaler          

out of your mouth.  Hold your breath for                           

10 seconds or as long as you can. 

 

9.  Breathe out normally.  Close the cap over the 

mouthpiece after each use.   

How to Use Your Respimat® 

Updated: 9/2017 



Respimat® Tips 

Updated: 9/2017 

How do I prepare my Respimat® for first 

time use? 

This inhaler needs to be prepared before you 

use it the first time.  You can ask your 

pharmacist for help.   

1. With the cap closed, press the safety catch 

while pulling off the clear base.  Do not touch 

the piercing element at the bottom of the 

clear base.  

2. Write the discard by date on the inhaler 

label.  The discard by date is 3 months from 

the date the cartridge is inserted.  Throw the 

inhaler away on the discard date.  

3. Take the cartridge out of the box.  

4. Push the narrow end of the cartridge into the 

inhaler.  The base of the cartridge will stick 

out 1/8 of an inch when the cartridge is 

correctly inserted.  The cartridge can be 

pushed against a firm surface to ensure it is 

correctly inserted.  Do not remove the 

cartridge once it has been inserted into the 

inhaler.   

5. Put the clear base back into place.  Do not 

remove the clear base again.  After you have 

inserted the cartridge, your inhaler should 

not be taken apart.  

Talk to your pharmacist or      

health care provider                        

if you have questions about      

how to prepare your Respimat®    

for first time use.  



Respimat® Tips 

What is priming? 

• Priming gets your inhaler ready to release 

full doses of medicine.  

When do I prime the Respimat®?  

• Prime this inhaler before first use or if it has 

not been used for a period of time.   

How do I prime the Respimat®? 

If this inhaler is brand new or has not been 

used in more than 21 days, prime this inhaler 

by following these steps:  

1. Hold the inhaler straight up with the cap 

closed.  This keeps the inhaler from 

releasing a full dose of medicine.  

2. Turn the clear base in the direction of the 

white arrows on the label until it clicks (half a 

turn).  

3. Flip the cap open.   

4. Point the mouthpiece away from you. Press 

down on the dose release button.  Close the 

cap.  

5. Repeat Steps 1-4 until a spray is seen.  

6. Once the spray is seen, repeat Steps 1-4 

three more times to make sure the inhaler is 

prepared for use.  

If your Respimat® has not been used for more 

than 3 days, follow Steps 1-5 to release one 

dose of medicine.   

 

 

How do I care for my Respimat®? 

• Keep this inhaler clean and dry.  

• If the mouthpiece needs to be cleaned, wipe 

off with a dry cloth.  

• Keep this inhaler at room temperature.  

How do I know when I need a refill? 

• The dose counter shows the number of 

doses left in the inhaler.  

• When this inhaler is brand new, it has 120 

doses.  

• When the pointer enters the red area of the 

scale, there are about 30 doses left.  

Contact the pharmacy to get a refill.  

• When the dose counter reaches the end of 

the scale, the inhaler is empty and will lock. 

Throw it away.   

• Do not use the inhaler past the expiration 

date.  If expired, throw away. Ask for a refill. 

Talk to your health care provider  

if you have questions  

about your Respimat®.  

Updated: 9/2017 

Adapted from: 

Boehringer Ingelheim.  (2017).  Combivent Respimat®: Highlights of prescribing information.  Ridgefield, CT: Author.  



How to Use Your Twisthaler®   

1.  Check the dose counter before each use.  
 

2.  Hold the inhaler straight up with the colored 
base at the bottom.   

 

3.  Twist the white cap off.  This loads one 
dose of medicine for you to breathe in.  
The dose counter will count down by one.   

 

4.  Stand or sit up straight.   
 

5. Turn your head away from the inhaler. 
Breathe out all the way.  DO NOT breathe 
into the inhaler.  

 

6. Hold the inhaler on its side.  Seal your lips 
tightly around the mouthpiece.  

 

7. Breathe in FAST and DEEP (1-2 seconds) 
through your mouth.  DO NOT cover the air 
vents while breathing in.   

 

8. When your lungs are full, take the inhaler 
out of your mouth.   

 

9. Hold your breath for 10 seconds or as long 
as you can.  

 

10. Breathe out normally.   
 

11. Twist the cap back onto the inhaler.  Be 
sure the arrow on the white cap lines up 
with the dose counter.  Turn until you hear 
a “click”.  The arrow on the white cap 
should line up with the window on the pink 
base.    

 

12. If a second dose is prescribed, repeat 
steps 1-10.  

 

 

 

 

 

Updated:  4/14/2016 

After using steroid inhalers like the  
Twisthaler®: 

• Rinse your mouth 

• Gargle 

• Spit the water out 

• DO NOT SWALLOW THE WATER 

The Twisthaler® is a dry powder inhaler.  

When you breathe in a dose,                 

you may or may not feel or taste            

the medicine. 



Twisthaler®  Tips 

Do I need to prime the Twisthaler®? 

• This inhaler does not need to be primed.  

 

How do I care for my Twisthaler®? 

• Store this inhaler in the foil pouch and only open when you are ready to use it.   

• Write the date you opened the foil pouch on the cap.   

• Write the “use by” date on the cap.  This is 45 days after first opened.  Do not use the inhaler 

past the “use by” date.  

• Keep this inhaler in a dry place.   

• Keep this inhaler at room temperature.   

• Do not wash or take this inhaler apart.   

• If the mouthpiece needs to be cleaned, wipe off with a dry cloth.  

 

How do I know when I need a refill? 

• The dose counter shows the number of doses left in this inhaler.   

• When this inhaler is brand new, it has 120 doses.   

• The dose counter counts down by 1.    

• When the dose counter reaches 20, contact the pharmacy to get a refill.   

• When the dose counter reaches “0”, it is empty.  Throw it away.  

• Do not use the inhaler past the expiration date. If expired, throw the inhaler away and ask for a 
refill.  

 

Reference:  

Merck.  (  ). Asmanex Twisthaler®.  Highlights of prescribing information.  : Author.  

 

Updated:  4/14/2016 

Talk to your health care provider  

if you have questions  

about your Twisthaler®.   
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Using and Interpreting 
Exercise Tests
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Advanced Clinical Training in COPD 
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Using and Interpreting Exercise Tests
• Review of Important CPET Physiology
• Definitions

– Gas Exchange:
• VO2 max, LAT, VO2/WR, VE/VCO2, VE vs VCO2 slope, 

Standard Testing
– Cycle vs Treadmill

• Out with the Old (Lose the FEF 25-75…)
• In with the new… (e.g. FEV3/FEV6, PRISM)

– Ramp/Progressively Increasing vs CWR/Endurance
• Exercise Phenotypes

• COPD
• HF
• ILD
• Pulm HTN



Disclosures 
William W. Stringer, MD

William W. Stringer ,MD Updated September-17

Disclosure

What is Received Type of Financial Relationship
Company / Entity

NIH Grant/Research Support Research Grant in COPD

Department of Defense Grant/Research Support Research Grant in COPD

AstraZenica Grant/Research Support Research Grant in COPD

Boehringer-Ingelheim Grant/Research Support Research Grant in COPD

Astellas Grant/Research Support Research Grant in COPD

Publishing
Walters Kluwer - Lippincott Williams & Wilkins - CPET Book Royalties Authorship

Leadership Positions
California Thoracic Society Past President Volunteer

American College of Chest Physicians - ACCP Simulation Group (PFT and CPET) Member Volunteer
Director - ABG, PFT, and CPET Laboratory - Harbor-UCLA Medical Center Employment Employment

Pulmonary Rehabilitation - Medical Director - LCM Hospital - Torrance, California Medical Director Stipend

Ö = COI (Conflict of Interest)



Cardio-Pulmonary 
Anatomy

www.bg.ic.ac.uk/



Oxygen Flow Mouth to 
Muscle/Mitochondria

Stringer, W.   Expert Review. 
Resp. Med 4, 179-188, 2010
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Relationship of METs & VO2
to Exercise



• EKG 
Treadmill
 Ischemia / 12 lead EKG
 Heart Rate / HRR
 Blood Pressure, Double 

Product
 Estimate of METS
 Symptoms / Reason for 

Stopping

• CPET
 Ischemia / 12 lead EKG
 Heart Rate / HRR
 Blood Pressure, Double Product
 Measured Work Rate
 Symptoms / Reason For Stopping
 Oxygen Saturation
 Maximal Oxygen Uptake (VO2 max)
 Lactic Acidosis Threshold (LAT)
 Carbon Dioxide Output (VCO2)
 Minute Ventilation (VE), TV, RR / BR
 Ventilatory Equivalents (VE/VO2, VE/VCO2)
 VO2 / Work Rate Relationship (∆VO2/∆WR)
 O2 Pulse (SV x C(a-v)O2 Difference)
 Respiratory Exchange Ratio (RER), 
 End Tidal O2, CO2

 Blood Gases / COHg
 Vd/Vt
 P(A-a) O2 ⇒ Low VA/Q, 
 P(a-ET)CO2⇒ High VA/Q

  

Why use CPET?



Cardiovascular

Normal 9 Panel Plot for  CPET



Fick Equation:  VO2 Relationship to 
Cardiac Output

VO2 = C.O.  x   C(a-v) O2 

C.O. = HR  x  SV

C = 1.34  x  Sat O2 x  [Hb]

VO2 = HR x SV x  C(a-v) O2 

.

.
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Determinants of the Ventilatory Response to Exercise

Whipp, B. et al.
Handbook of Physiology, Set 3, Vol 3, p605, 1985



CPET Case Studies
• Cases:

– Pulmonary Arterial Hypertension
– Heart Failure
– Interstitial Lung Disease
– COPD



Case # 1

Pulmonary Arterial Hypertension



Pulmonary Arterial Hypertension
• 51 year old female, exertional dyspnea x 2-3 years.
• Fen-Phen (fenfluramine/phentermine) for 7 months 5 years  

ago.
• Systemic HTN as well.
• Medications:  Verapamil, Benazapril, Atorvastatin, ASA.
• Physical Examination was normal except for a loud P2.
• CXR: Enlarged pulmonary arteries.
• EKG:  RVH with strain.
• PFT’s:  FEV1 2.68 (105% predicted), FVC 3.20 (115% 

predicted), FEV1/VC 82%, DLCO 22.7 (89% of predicted)



Exercise Indices - PAH
Measurement Predicted Pre Rx Post Rx
Max Work Rate 60 50

Peak VO2 1.80 0.86 0.93
Max HR 168 134 136

Max O2 Pulse 10.0 6.4 6.8
Max VE 51 45

VE/VCO2 at AT 28.5 45.9 37.9



Exercise
Test

Pre-Rx

Initial CPET



Exercise
Test

Post-Rx

endothelin-1 
receptor 
antagonist 
after just 6 
weeks



PAH – CPET Conclusions
• Very Low Peak VO2

• High Ventilatory Equivalents
• Flat and Fixed O2 Pulse
• Poor HR Response
• Right to Left Shunt Physiology
• Marked Improvement with an endothelin-1 

receptor antagonist after just 6 weeks.  Reversal 
of shunt physiology. Reduction in the ventilatory 
requirements of exercise.



Case # 2

Heart Failure



Heart Failure - HFrEF
• 64 year old male, shortness of breath and exertional dyspnea 

x 11 years.  Multiple “CHF” admissions
• No prior MI’s or valvular disorders
• Medications:  digoxin, furosemide, hydralazine (later ACE), 

KCL, ranitidine.
• Physical Examination S3, few rales, no peripheral edema.
• CXR: Cardiomegaly and Kerley B lines.
• EKG:  LAE, LVH.
• PFT’s:  FEV1 2.01 (69% predicted), FVC 2.70 (75% 

predicted), FEV1/VC 74%, DLCO 22 (96% of predicted)



Exercise Indices - HF
Measurement Predicted Study # 1 Study # 2

Max WR 58 88
Peak VO2 2.03 0.91 1.34

AT > 0.89 0.6 1.0
Max HR 156 131 160
O2 Pulse 13.0 7.0 9.0

∆ VO2 / ∆ WR 10.3 8 9.2
Max VE 44 55

VE/VCO2 at AT 28.6 37.6 30.2
Breathing 
Reserve

> 15 36 25



Exercise
Test

HF #1
(No ACE)

First CPET



Exercise
Test

HF #2
(on ACE)

Second CPET



HF – CPET Conclusions

• Very Low VO2

• Very Low AT
• Low O2 pulse
• Low VO2 / WR
• High Ventilatory Equivalents
• Marked Improvement in VO2 and AT with ACE



Case # 3

Interstitial Lung Disease



Interstitial Lung Disease
• 20 year old man with a prior history of exposure to crop dusting 

chemicals.
• Interstitial Lung Disease on Lung Biopsy with Mica deposits.
• Severe Dyspnea with walking one block or two flights of stairs.
• Medications:  Prednisone.
• Physical Examination:  Velcro Rales throughout both lung fields.
• CXR: Honeycombing.  
• EKG:  Normal.
• PFT’s:  FEV1 1.21 (41% predicted), FVC 1.24 (34% predicted), 

FEV1/VC 99%, MVV 51, DLCO 7 (23% of predicted) 



Exercise Indices - ILD
Measurement Predicted Pre- Rehab

Max WR 60

Peak VO2 2.46 0.74

AT > 0.98 < 0.55

Max HR 200 182

Max VE 47

VE/VCO2 at AT 24.4 30.1

RR at peak 
exercise

61

Breathing 
Reserve

> 15 4

VD/VT at LAT < 0.3 0.36



Exercise
Test:
ILD

CPET



ILD - CPET Conclusions
• Severe Restrictive Lung Disease with a 

Low DLCO
• Very Low Peak VO2

• Low Gas Exchange LAT
• Low stroke volume and cardiac output
• High VE/VCO2 at AT

∆



Case # 4

Chronic Obstructive 
Pulmonary Disease (COPD)
Pre-Post Pulmonary Rehab



Chronic Obstructive Pulmonary 
Disease

• 69year old male with COPD.  Lifelong smoker. Recently 
quit. F/U for Pulmonary Rehabilitation. 

• Medications:  theophylline, SABA, SAMA.
• Physical Examination:  I:E 1:4
• CXR: Hyperinflated.  
• EKG:  Non-Specific ST and T wave changes.
• PFT’s:  FEV1 0.99 (35% predicted), FVC 1.99 (55% 

predicted), FEV1/VC 50%, MVV 40, DLCO 10 (45% of 
predicted) 

• Post Rehab #’s (FEV1 1.11, FVC 2.19, MVV 44).



Exercise Indices - COPD
Measurement Predicted Pre- Rehab Post- Rehab

Max WR 30 50

Peak VO2 1.67 0.90 1.0

AT > 0.75 0.75 Indeterminant

Max HR 151 136 140

Max VE 40 42

VE/VCO2 at AT 29.1 41.5 37.4

RR at peak 
exercise

32 38

Breathing 
Reserve

> 15 0 2

Peak Lactate 3.0 2.3



Exercise
Test

COPD
Pre-Rehab

First CPET
Pre REHAB



Exercise
Test

COPD
Post-Rehab

Second CPET
Post REHAB



COPD - CPET Conclusions

• Very Low peak VO2

• Low AT
• High VE/VCO2 at AT
• Low breathing reserve
• Rehab:

– PFT’s about the same, although slightly better.
– VE/VCO2 decreased slightly
– Training Effect – Lower Lactate

∆



Using and Interpreting Exercise Tests
• Review of Important CPET Physiology
• Definitions

– Gas Exchange:
• VO2 max, LAT, VO2/WR, VE/VCO2, VE vs VCO2 slope, 

Standard Testing
– Cycle vs Treadmill

• Out with the Old (Lose the FEF 25-75…)
• In with the new… (e.g. FEV3/FEV6, PRISM)

– Ramp/Progressively Increasing vs CWR/Endurance
• Exercise Phenotypes

• COPD
• HF
• ILD
• Pulm HTN



Hoc opus, hic labor est.
Virgil

“There is the task, and there is the toil.”
Dr. Brian Whipp (1937 – 2011)



THANK YOU!!



 
 
 
 

 
BREAK/EXHIBITORS 

 
Saturday September 30, 2017 – 2:35 p.m. – 2:50 p.m. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

RECOGNIZING AND MANAGING ACUTE 
EXACERBATIONS 

Ni-Chang Liang, MD 
UCSD 

 
Saturday September 30, 2017 – 2:50 p.m. – 3:30 p.m. 

 
 

Ni-Cheng Liang, MD, is an Assistant Clinical Professor at UCSD and is the Medical 
Director of Pulmonary Services at the UCSD Center for Pulmonary and Sleep Medicine.  
She is also the Executive Director for the UCSD Center for Mindfulness, and serves as 
Co-Chair of the American Thoracic Society Integrative Therapies Interest Group.  She 
runs the multidisciplinary Airway Clinic for patients with obstructive lung disease.  She is 
a member of the UCSD COPD Committee and is passionate about improvement in 
healthcare delivery for patients with COPD.  She also has a special interest in 
integrative medicine, particularly using mindfulness based practices to improve the 
quality of life for patients with chronic lung disease.   
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Recognizing and Managing Acute 
Exacerbations of COPD (AECOPD)

September 30, 2017
Ni-Cheng Liang, MD
Medical Director, Pulmonary Services
UCSD Center for Pulmonary and Sleep Medicine
Executive Director, Center for Mindfulness
Assistant Clinical Professor of Medicine

Conflict of Interest Disclosure

Astra-Zeneca Sub-Investigator

I, Ni-Cheng Liang, MD, hereby declare that 
the content for this activity, including any 
presentation of therapeutic options, is well 
balanced, unbiased, and to the extent 
possible, evidence-based.

Actelion Sub-Investigator
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• Definition of COPD Exacerbation (AECOPD)

• Symptoms

• Consequences of AECOPD

• Etiologies of AECOPD 

• Risk factors for AECOPD

• Treatment of AECOPD

• Preventing COPD Exacerbations

• What you can do

Outline

Main Reference

• From the Global Strategy for the Diagnosis, Management 
and Prevention of COPD, Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) 2017. Available from: 
http://goldcopd.org.

• Unless otherwise stated
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“an acute worsening of respiratory symptoms 
that result in additional therapy.”
• Mild- Short acting bronchodilators only (SABA)
• Moderate- SABA+ antibiotics and/or steroids
• Severe- hospitalization/ED/respiratory failure

GOLD Definition of AECOPD

Med Clin N Am 101 (2017) 537–551 
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Impact on 
symptoms 
and lung
function

Negative
impact on

quality of life

Consequences Of COPD Exacerbations

Increased
economic  

costs

Accelerated
lung function

decline

Increased
Mortality 

EXACERBATIONS

© 2015 Global Initiative for Chronic Obstructive Lung Disease

• Respiratory viral infectionsrhinovirus 
• More severe
• Longer in duration
• Precipitate more hospitalizations 

• Bacterial infections
• Moraxella
• H. influenzae
• S. pneumoniae

• Environmental factors
• Pollution
• Ambient temperature 

Etiologies of AECOPD
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Risk Factors for Exacerbations

• Frequent exacerbators: 2 or more / year 
• Worse health status
• Increased morbidity 
• Strongest risk factor: number of exacerbations in the prior 

year 
• Changes in exacerbation frequency with worsening FEV1 

• Increase in pulmonary artery: aorta cross section > 1
• Emphysema
• Airway wall thickness
• Chronic Bronchitis 

• 1105 patients, 3 years 
• 538 (49%) at least one AECOPD
• 567 (51%) had none
• 82 (7%) at least one AECOPD each year
• 23 (2%) had two or more acute exacerbations in each year. 
• In logistic regression, consistent AECOPD(≥1 event per year for 3 

years) compared to no AECOPD
• Higher baseline symptom burden
• Previous exacerbations
• Greater evidence of small airway abnormality on CT
• Lower interleukin-15 concentrations
• Higher interleukin-8 concentrations

SPIROMICS: Associations with AECOPD

Lancet Respir Med. 2017 Aug;5(8):619-626.
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• Antibiotics-(when indicated) can shorten recovery time, 
reduce the risk of early relapse, treatment failure, and 
hospitalization duration. Duration of therapy should be 5-7 
days. 

• Bronchodilators

• Corticosteroids-improve lung function (FEV1), 
oxygenation and shorten recovery time and hospitalization 
duration. Duration of therapy should not be more than 5-7 
days. 
• ERS/ATS 2017 guideline ≤ 14 days 

Treatment of AECOPD
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Antibiotics
• Reduce 

• Risk of short-term mortality by 77%
• Treatment failure by 53%
• Sputum purulence by 44%

• PRESCRIBE IF:
• Increased cough, sputum purulence, and dyspnea
• Increased cough and sputum purulence
• Mechanical ventilation 
• Choice via local antibiogram 

• Tetracycline
• Macrolide
• Aminopenicillin with clavulanic acid 

• Sputum cultures: Pseudomonas, resistant pathogens 
• Frequent exacerbators
• Severe COPD
• Mechanically ventilated  

• CRP- controversial: elevated in viral and bacterial 
infections

• Procalcitonin 
• Reduces antibiotic exposure

• Reduces side effects

• Same clinical efficacy 

Biomarkers to Guide Antibiotic Treatment
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Eur Respir Rev 2017; 26: 160073 

• Cochrane Systematic Review

• 14 trials, total n= 4221
• Not associated with increased treatment failure

• Reduction in antibiotic exposure from 84 days 

Antibiotics or not? Use of Procalcitonin 
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Predictors of Poor Outcomes 

• Older age

• Lower BMI

• Comorbidities: cardiovascular disease, lung cancer

• Prior hospitalizations for AECOPD 

• Severity of index AECOPD 

• Need for long-term O2 therapy at discharge 

• Preferred mode of ventilation 

• pH less than or equal to 7.35 and/or PaCO2 >45 mm Hg

• Clinical signs of respiratory muscle fatigue

• Persistent hypoxemia despite supplemental O2 

Indications for Noninvasive Mechanical Ventilation

http://www.mayohealthcare.com.au/products/ventResp_ima
ges/Vision_image.jpg
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 Improves gas exchange

 Reduces work of breathing 

 Reduces need for intubation 

 Decreases hospitalization duration

 Decreases mortality

GOLD Revision 2011 

Global Strategy for Diagnosis, Management and Prevention of COPD

Noninvasive Ventilation (NIV)

Am J Respir Crit Care Med Vol 187, Iss. 4, pp 347–365, Feb 15, 
2013
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FLAME Trial : LABA/LAMA v. ICS/LABA

• N= 3,362, 1 year 

• Indacaterol/glycopyrronium v. fluticasone/salmeterol for 
reducing AECOPD 

• 11% lower rate of AECOPD with LABA/LAMA (p= 0.0003)

• LABA/LAMA group- longer time to first exacerbation (71 
vs. 51 days, p <0.001) 

• Lower annual rate of moderate or severe AECOPD 
(p<0.001) (regardless of eosinophil count)

• Lower incidence of pneumonia 3.2% vs 4.8%, p=0.02 

Wedzicha JA, et al. Indacaterol-Glycopyrronium versus 
Salmeterol-Fluticasone for COPD. NEJM 2016; 374:2222-34. 
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• Choose a LABA/LAMA over ICS/LABA for those with 
Group B disease
• Regardless of blood eosinophil count 

FLAME Trial: Applicability to Clinical Practice

Wedzicha JA, et al. Indacaterol-Glycopyrronium versus 
Salmeterol-Fluticasone for COPD. NEJM 2016; 374:2222-34. 

• 159 sites, 14 countries: 1368 received 
beclomethasone/formoterol or 
beclomethasone/formoterol/glycopyrronium

• LAMA/ICS/LABA 
• Improved FEV1 by 0.081L at week 26

• 23% reduction in AECOPD 

TRILOGY: Single inhaler triple therapy vs. 
ICS/LABA for COPD

Singh D, et al. Single inhaler triple therapy versus ICS/LABA 
therapy for COPD (TRILOGY): a double-blind, parallel group, 
RCT. The Lancet 2016; 388. 
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• N = 1,810 Week 24 
• Triple therapy (n = 911), ICS/LABA therapy (n = 899)

• Change from baseline in FEV1 was 142 mL (95% confidence 
interval [CI], 126,158) and -29 mL (95% CI, -46,-13); P < 0.001

• Change SGRQ was -6.6 units (95% CI, -7.4,-5.7) and -4.3 
units (95% CI, -5.2,-3.4); P < 0.001

• Reduction in moderate/severe AECOPD rate with triple vs. 
ICS/LABA therapy (35% reduction, 95% CI, 14,51; P = 0.002). 

FULFIL Trial: Once-Daily Triple Therapy for COPD

Am J Respir Crit Care Med. 2017 Apr 4. doi: 
10.1164/rccm.201703-0449OC. [Epub ahead of print]
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• Persistent hypercapnia (PaCO2 >53 mm Hg, 59) 2 weeks to 4 
weeks after resolution of respiratory acidemia 

• N= 28; home O2 (~1 Lpm); N= 36; home O2 + NIV (~1 Lpm) 
• Home ventilator settings: IPAP of 24 (IQR, 22-26) cm H2O, 

EPAP 4 (IQR, 4-5) cm H2O, 14 (IQR, 14-16) breaths/minute, 1 
year

• The median time to readmission or death was 4.3 months in the 
home O2 plus NIV group vs 1.4 months (IQR, 0.5-3.9 months) 
in the home O2 group, adjusted hazard ratio of 0.49 (95% CI, 
0.31-0.77; P = .002). 

• The 12-month risk of readmission or death was 63.4% home 
O2 plus NIV group vs 80.4% in home O2 group, absolute risk 
reduction of 17.0% (95% CI, 0.1%-34.0%). 

Home NIV post AECOPD

JAMA. 2017;317(21):2177-2186. 

JAMA. 2017;317(21):2177-2186. 
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• Improves dyspnea, health status, and exercise tolerance

• Reduces hospitalization in those who have had a recent 
exacerbation (< 4 weeks GOLD; <3 weeks ERS/ATS) 

Pulmonary Rehabilitation 

Self-Management with Action Plans

• 22 studies, n= 3854 

• Improvements in HRQoL

• Lower probability of respiratory-related hospital 
admissions

• No excess all-cause mortality risk was observed, but 
exploratory analysis showed a small, but significantly 
higher respiratory-related mortality rate for self-
management compared to usual care.

Cochrane Database Syst Rev. 2017 Aug 4;8:CD011682. doi: 
10.1002/14651858.CD011682.pub2. [Epub ahead of print]
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ERJ 2017; 49:1600791

ERJ 2017; 49:1600791
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• 62,746 AECOPD admissions 1996-2006

• F/u within 30 days with PCP or pulmonologist
• Reduced risk for ER visits ([HR], 0.86; 95% [CI], 0.83-0.90)

• All-cause readmissions (HR, 0.91; 95% CI, 0.87-0.96).

Early follow- up within 30 days after discharge

Sharma G, et al. Outpatient follow-up visit and 30-day 
emergency department visit and readmission in patients 
hospitalized for COPD. Arch Intern Med. 2010; 170(18):1664-
1670. 

What you can do…

• What are the practice patterns for treatment of AECOPD 
treatment inpatient/outpatient at your institution?

• Healthcare provider/patient/caregiver education 

• COPD orderset 

• Coordinator from inpatient to outpatient setting

• Prompt follow up post discharge (phone call/office visit)
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Questions?

My contact information: 

Ni-Cheng Liang, MD

Office: 858-657-1869

nliang@ucsd.edu

Thank you!



CLINCIAL INSIGHTS TO TREATING THE PATIENT 
WITH COPD AND ILD 

Gordon Yung, MD 
UCSD 

 
Saturday September 30, 2017 – 3:30 p.m. – 4:10 p.m. 

 
 
Gordon Yung, MD, received his medical degree froom the University of Hong Kong.  He 
is currently the Medical Director of the Lung Transplant Program at UCSD. His research 
interests are in COPD, interstial lung disease and lung transplantation.  Dr. Yung serves 
as a Clinical Professor of Medicine at UCSD. 
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Clinical Insights to Treating the Patient with COPD and ILD
California Thoracic Society
Fall Symposium & Educational Conference  September 30, 2017

Gordon Yung, MD
Clical Professor of Medicine

Overview

• Relationship between COPD and ILD

• Review of Combined Pulmonary Fibrosis and Emphysema (CPFE)

• Treatments
– Specific treatment (e.g. pulmonary hypertension)

– General treatment (if we have time…)
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COPD and ILD: Co-exisitng Conditions or Related Diseases?

COPD
- Chronic Bronchitis
- Emphysema
- > 300 million worldwide
- ?30 million US
- Smoking accounts for ~90%
- Increased risks of lung 

cancer

ILD
- > 200 conditions
- Prevalence? 

IPF>100,00 in US
- Some smoking 

related conditions 
(IPF, RB-ILD, LCH)

- IPF: 2/3 smokers,1-
10% lung cancer

Tea Vos. Global, regional, and national incidence, prevalence, and years lived with disability for 301 acute and chronic diseases and injuries in 188 countries, 1990–2013: a systematic analysis for the Global Burden of Disease Study 2013. The Lancet. 2015

COPD and ILD: Co-exisitng Conditions or Related Diseases?

COPD
- Chronic Bronchitis
- Emphysema
- > 300 million worldwide
- ?30 million US
- Smoking accounts for ~90%
- Increased risks of lung 

cancer

ILD
- > 200 conditions
- Prevalence? 

IPF>100,00 in US
- Some smoking 

related conditions 
(IPF, RB-ILD, LCH)

- IPF: 2/3 smokers,1-
10% lung cancer

Tea Vos. Global, regional, and national incidence, prevalence, and years lived with disability for 301 acute and chronic diseases and injuries in 188 countries, 1990–2013: a systematic analysis for the Global Burden of Disease Study 2013. The Lancet. 2015

CPFE
?



9/21/2017

3

Combined Pulmonary Fibrosis and Emphysema
• First reported in 1974; first proposed as possibly a distinct entity in 2005
• Does Emphysema + Pulmonary Fibrosis = CPFE? Should CPFE only include those 

with UIP pattern? IPF only?
• Up to 30% of IPF patients may have evidence of emphysema on CT scan
• Problems of data:

– Lack of/changing definitions:
• Does Emphysema + Pulmonary Fibrosis = CPFE? 
• Should CPFE only include those with UIP pattern? IPF only?
• What is IPF?

– Lack of reliable means to quantify degree of PF and emphysema to determine outcome (e.g. 
mortality reported between 2.1 – 8.5 years)

• IPF and emphysema may share some immunologic pathways (TGF-β, oxidative 
stress etc.) and genetic mutations (telomere shortening): synergy in smoking?

Auerbach Chest 65 (1), 1974
Cottin Eur Respir J 26 (4), 2005
Mejia Chest 136 (1), 2009

Combined Pulmonary Fibrosis and Emphysema

Cottin et al. Eur Respir J 2005

* Upper lobe centrilobular 
emphysema
** Lower lobe fibrosis
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Combined Pulmonary Fibrosis and Emphysema: Radiographic 
Dilemma

* Separating emphysema from honeycombing
** Thick wall cysts
*** Ground glass changes in 60%?

Combined Pulmonary Fibrosis and Emphysema: General Observations

• Emphysema occurs before fibrosis
• Patients tend to male, older at presentation, and more heavy smokers (>40 pack year 

except with mutations)
• PFT’s:

– Lower DLCO
– Relative preservation of lung volumes
– Decline in PFTs mirrors more that of IPF and less of COPD

• Higher incidence of PAH
– Correlates with DLCO
– Can occur/progress rapidly
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Combined Pulmonary Fibrosis and Emphysema: Survival

• Earlier reports suggest worse overall survival
• However, recent study ( Jacob et al Eur Respir 2017) suggest emphysema 

had no additional impact on survival, when corrected for age/gender/smoking 
status/baseline DLCO

• Multiple studies suggest CPFE patients who develop lung cancers have worse 
prognosis:
– Implied more scrutiny on surgical resection as treatment
– ?Use of pre-operative composite physiologic index (CPI) (Wells et al. Am J Respir Crit 

Care Med 2003):
• Extent of fibrosis on CT scan – DLCO – FVC + FEV1
• Seriously?

What About Treatment For COPD + ILD? My Personal Bias!

• Big Picture: separate the 2 conditions

• COPD treatment: 
– Generally the same treatment as isolated COPD

– In many cases, survival is limited by ILD rather than COPD

– Many ILDs can have airway components that may respond to COPD treatments
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Treatment of ILD/COPD: The ‘Interstitial Component’

• Decision to treat depends on etiology of ILD and its projected morbidity and 
mortality

• Medications
– Anti-inflammatory and “immunosuppressants”

• Underlying autoimmune diseases or those with “inflammation”
– Antifibrotics

• Lack of data except in IPF/mild COPD (may be…)

Collum et al. Pulmonary hypertension asspcoaited with idiopathic pulmonary fibrosis: current and future perspectives. Canadian Respir J 2017

Treatment of ILD/COPD:  PAH

• PAH therapy: None demonstrated efficacy in RCT on combined disease

– When and why? 

• Presence of PAH ≠ Mortality/morbidity for many patients with 
isolated disease

– ECHO? 

– Which one? ETRA/Prostinoids/NO or cGMP pathway

– What route? Inhaled vs Oral / IV / SQ?

Collum et al. Pulmonary hypertension asspcoaited with idiopathic pulmonary fibrosis: current and future perspectives. Canadian Respir J 2017
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ILD and PAH Therapy: Endothelin Receptor Antagonists

• BUILD-1 (King: Am J Respir Crit Care Med 2011)
– 616 IPF patients randomized to Bosentan vs placebo (2:1) x 1 year. No difference in change in FVC 

or DLCO or QOL

• ARTEMIS-IPF (Raghu: Ann Int Med 2013, Am J Respir Crit Care Med 2012)
– Ambrisentan and IPF 

– ↑ risk of disease progression and resp hospitalization

• BPHIT (Corte: Am J Respir Crit Care Med 2014)
– Bosentan for IPF or fibrotic NSIP + PAH

– No change in PVR

This Photo by Unknown Author is licensed 
under CC BY-SA

ILD and PAH Therapy: Prostanoids

• Saggar et al (Thorax 2014)
– Prospective open label 12 week single center using iv/sq treprotinil

– 15 patients with advanced PF and significant PAH (mPAP ≥ 35 mmHg)

– Before and after treatment: 6MWT  (171±93 vs 230±114 m), RAP (9.5±3.4 vs 6.0±3.7), CI 
(2.3±0.5 vs 2.7±0.6); mvO2 (65±7.2 vs 70.9±7.4): no change in oxygenation
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ILD and PAH Therapy:  PDE5 Inhibitor Sildenafil
• Ghofrani et al: Sildenafil for treatment of lung fibrosis and pulmonary hypertension: a randomised 

controlled trial. Lancet 2002:
– 16 patients with IPF, CREST, systemic sclerosis, silicosis, HP. All with NYHA functional class III/IV

– Acute response to iNO then either single dose sildenafil or epoprostenol infusion till side effects

Ghofrani et al: Sildenafil for treatment of lung fibrosis and pulmonary hypertension: a randomised 

controlled trial. Lancet 2002: Acute Response

• iNO: ↓ PVR, ↑ CI, ?mild ↑ PaO2

• PGI2:  ↓	PVR, ↑↑ CI, ↓ SVR and increase in 
pulm shunt flow (16.8 (10.8-35.9) 
decrease PaO2

• Sildenafil: within 15 min, peak 45-60 min.    
	↓	PVR, variable CI, ↑ PaO2



9/21/2017

9

ILD/COPD and PAH Therapy:  Sildenafil

• STEP-IPF: 180 patients: I2 + 12 (cross-over) week sildenafil in advanced IPF (no 
assessment of PAH)
– Did not meet primary endpoint of ≥20% increase in 6MWT
– +ve secondary endpoints (QOL, gas exchange)
– Subanalysis: those with RV dysfunction better preserved 6MWT
– (Zisman et al. N Eng J Med 2010)

• 10 COPD patients without PH: 4 + 4 weeks (cross-over) sildenafil
– No effect on 6MWT or VO2 max
– Sildenafil increased A-a gradient at rest (25.9 vs 23.0 mmHg, P=0.02) + worsening symptoms 

by SGRQ)
(Opposite changes in healthy subjects in altitude related hypoxia)

ILD/COPD and PAH Therapy:  Sildenafil

• Holverda et al (Pulm Pharmacol Ther 2008)
• 18 COPD patients given single dose of sildenafil

• Sildenafil attenuated mPAP during exercise without increase in SV or CO, or PO2 
(Baseline PAH: 68% -> 51% increase in mPAP). No change in exercise capacity

• Vitulo et al (J Heart Lung Transplant 2017)
– RTC using sildenafil in COPD + PAH (mPAP 39, PVR 7) x 16 weeks on 28 patients 

(18 treatment)

– ↓ PVR  (-1.67 vs 0.13)

– ↑BODE, DLCO and QOL

– - No change in gas exchange
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Bottomline: ILD/COPD and PAH Therapy

• ETRA:  No!

• Prostanoid:  
– Reserve for severe PAH (mPAP >35 mmHg)

• PDE5 inhibitor/Sildenafil:
– Consider use with severe PAH

– May worsen or improve PO2

Long Term iNO in Combined Pulmonary Fibrosis and Emphysema

Yung et al. Outpatient inhaled nitric oxide in a patient with idiopathic pulmonary fibrosis: a bridge to lung transplantation. J Heart Lung Transplant 2001)
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Long Term iNO in Combined Pulmonary Fibrosis and Emphysema

Yung et al. Outpatient inhaled nitric oxide in a patient with idiopathic pulmonary fibrosis: a bridge to lung transplantation. J Heart Lung Transplant 2001)

General Treatment:  ILD/COPD

• Oxygen

• Pulmonary rehabilitation

• Transplant: implication of oxygen/PH/recurrent COPD exacerbations

• Treatment of associated conditions
– Bronchiectasis and infections

– OSA

– GERD, aspirations and esophageal diseases
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PANEL – Q & A 
 

Ni-Cheng Liang, George Su, Stephanie Tsao,  
Trina Limberg, Gordon Yung 

 
Saturday September 30, 2017 – 4:10 p.m. – 4:30 p.m. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
CLOSING REMARKS 

 
Saturday September 30, 2017 – 4:30 p.m. 
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