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Lecture Goals

= Practitioners understand objectives and limitations of
pulmonary function testing

= Practitioners understand spirometry methodology
= Practitioners recognize spirometry abnormalities

= Practitioners apply spirometry in asthma diagnosis and
management



Purpose of Spirometry

s Define lung disease (obstructive vs. restrictive)
m Define severity of lung disease

= Monitor disease progression and response to
therapy

m Preoperative evaluation

m Aid 1n research study (epidemiology; therapy)




Pulmonary Function Testing: Limitations

m Age: Atleast 5 years of age 1deal due to effort but can be done
as young as 3 years of age

= Subject ability and effort affects spirometry volumes

s Knowledge of operator

s Limited chest wall and abdominal expansion
- Obese patients
- Tight clothes
- Heavy meal 2 hours prior to testing

= Noting ambient temperature and barometric pressure prior to
machine calibration which can affect gas volumes

s Reference normal values
- Should reflect patient population
- Limited 1n those less than 3 years of age or 90 cm
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Spirometry(Breathing recording)
0 1s

VOLUME (1 ATPS)

0
Functional Residual Capacity (FRC) = RV + ERV

Vital Capacity (VC) =IRV + TV + ERV

Forced Expiratory Volume (FEV,)

Paulev P et al. Textbook in Medical Physiology And
Pathophysiology Essentials and clinical problems
Fig. 1€bpenhagen Medical Publishers 1999 - 2000
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Spirometry Values

s Predicted normal values based on age, height, gender and race of
healthy subjects

= Acceptable ATS-ERS criteria

Adult: 3 efforts & variability of 5%; exhalation: 6 seconds
Children: 2 efforts & variability within 10% ; exhalation can be as short as 3 to

5 seconds due to smaller lung volume
m FVC Forced Vital Capacity (liters)
m SVC Slow Vital Capacity (liters)
s FEV, Forced Expiratory Volume 1 sec (liters)
s FEF, 50, 750, Forced exp flow at 25% to 75% VC (liters/sec)
= FVC, SVC, FEV, - Effort dependant

s FEF,s0, 750, - Effort independent due to airway closure at lower lung volumes

during forced exhalation
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Normal VValues For Pediatrics

m Forced vital capacity (FVC) > 80% predicted
s Forced expiratory volume in 1 second (FEV1) > 80% predicted

m FEVI/FVC 80% to 85% (range is age dependent and lower 1n those 35 years
and older)

m Peak expiratory flow rate (PEFR) > 78 to 80% predicted

= Forced expiratory flows at 25 to 25% of VC (FEF s, 750, ) > 60 to 65%
predicted

m Total Lung Capacity (TLC) 80 to 100% predicted

- cannot be measured with spirometry; can confirm restrictive disease
m  Residual Volume (RV) 60 to 160% predicted

- cannot be measured with spirometry

m RV/TLC ratio 30 to 35%

- cannot be measured with spirometry; index of gas or air trapping
|
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s
Evaluation of Asthma

m  Episodic airflow obstruction manifested wheeze, cough, chest pain/tightness or
dyspnea and “recurrent bronchitis” or recurrent pneumonia

= Symptoms occur with known asthma triggers and often worse at night

m Patients may have clinical response and spirometry hyper-responsiveness with
short-acting beta agonist/bronchodilator

m Practitioners can use pre & post short-acting bronchodilator spirometry, start a 2
to 8 week clinical trial with short-acting bronchodilator, assess clinical response
to 2 to 4 week trial of asthma controller therapy (preferably ICS)

m Consideration as necessary to exclude other diagnoses



Why have an Office Spirometry or do It?

- History and physical exam not predictive of lung impairment
Often chronic asthma patients have poor perception of symptoms
Wheeze not correlative with degree of spirometry impairment

- Preferable to peak flow meters for diagnosis of asthma

GINA (Global initiative for asthma) uses peak flow for diagnosis
NIH EPR 2007 does not use peak flow for diagnosis

- Useful 1n excluding other lung disease processes

Especially if abnormal and not reversible after short-acting beta agonist
or worse with short-acting beta agonist (worry about malacia or bronchiectasis)




Office Spirometry: Bronchial Challenge

= Bronchodilator Response Testing for Asthma
- Need to use short acting bronchodilator
2 — 4 puffs of 90mcg/actuation inhaler or nebulizer vial

- Perform test before and 15 minutes after bronchodilator

- Positive response 1s (increase change) AFVC or AFEV, > 12% or
> 200 ml volume or AFEF 5o, 750, >24%

- Changes such as decreased gas trapping or increased partial
expiratory flows may be seen in absence of FVC or FEV1
Improvement

Therefore, lack of spirometry hyper-response does not
preclude clinical response




Volume (L)

/ Post Bronchodilator

Pre Bronchodilator
Pre FEV1 271 L
Post FEV1 3.07 L (13% increase)

Time (s)

Post Bronchodilator
Pre FEV1 2.71L
Post FEV1 3.07 L (13% increase)

Pre Bronchodilator

Volume (L)




Eung !unctlon EaBoratory:

Bronchoprovocation Study

s Exercise Challenge

Treadmill or bicycle exercise for at least 6 to 8 minutes to
cause heart rate to be at 80-85% predicted maximum for age

Lung function changes 5 to 15 minutes after exercise stops

Positive response 1s (decrease change) AFVC, AFEV, or APEF
by >12 to 15%

s Treadmill 1s preferable to bicycle for bronchoconstriction
response



Eung EUHCEIOH EaBoranry:

Bronchoprovocation Study

m Methacholine or histamine response

- 98% of those with symptomatic asthma respond to this

- Spirometry preformed before and after titrating doses of
challenge
This 1s typically followed by short acting bronchodilator

- Positive response 1s (decreased change) AFEV, or
greater than >20% with small amount of challenge

Can use cold air, inhaled allergens or particulate matter
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Components of Severity

Classification of Asthma Severity (Children 5-11 years of Age)

Intermittent Persistent
Mild Moderate Severe
Impairment Symptoms <2 days per week >2 days/wk but Daily Throughout the
not daily day
Nighttime <2x/month 3-4x/month 21x/wk but not Often 7x/wk
Awakenings nightly
Short acting beta | <2 days per week | >2 days/wk but Daily Several times per
agonist use for not daily day
symptom control
(not prevention of
EIB)
Interference with None Minor limitation Some limitation Extremely limited
normal activity
Lung Function Normal FEV1 FEV1 280% pred FEV1 = 60 -80%pred FEV1 < 60%pred
between FEV1/FVC >80% FEV1/FVC < 75 -80% FEV1/FVC < 75%
exacerbations
FEV1 >80% pred
FEV1/FVC >85%
RiSk Exacerbations 0-1 per year 22 in one year

Risk of exacerbation
or progressive loss of
lung function

requiring oral
systemic steroids

Consider severity and interval since last exacerbation. Frequency and severity may
fluctuate overtime for any patient in any severity category. Relative annual risk of
exacerbation may be related to FEV1.

National Heart, Lung, and Blood Institute, National Asthma Education and Prevention Program: Expert
Panel Report 3: Guidelines for the Diagnosis and Management of Asthma, Full Report 2007




Components of Severity Classification of Asthma Severity (Children 212 years of Age)
Intermittent Persistent
Mild Moderate Severe
Impairment Symptoms <2 days per week | >2 days/wk but not Daily Throughout the
Normal FEV1/FVC: daily day
Nighttime <2x/month 3-4x/month >1x/wk but not Often 7x/wk

8-19yo 85%

20-39y0 80% ShAwake.nlnis — - — — mgf:cly - —
40-59y0 75% ort acting beta | <2 days per week |>2 days/wk but not Daily everal times per
agonist use for >1x/day day

60-80yo 70%
symptom control

(not prevention of
EIB)

Interference with None Minor limitation Some limitation Extremely limited
normal activity

Normal FEV1 FEV1 280% pred FEV1 = >60 but FEV1 < 60%pred
Lung Function between FEV1/FVC normal <80% pred FEV1/FVC reduced

exacerbations FEV1/FVC reduced 5%

FEV1 >80% pred 5%

FEV1/FVC normal

: Exacerbations 0-1 per year 22 in one year
Risk
requiring oral

Consider severity and interval since last exacerbation. Frequency and severity may

systemic sterolds fluctuate overtime for any patient in any severity category. Relative annual risk of

exacerbation may be related to FEV1.

National Heart, Lung, and Blood Institute, National Asthma Education and Prevention Program: Expert
Panel Report 3: Guidelines for the Diagnosis and Management of Asthma, Full Report 2007
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Office Spirometry: Long Term management

-Helpful in assessing control

-Identifies airflow obstruction in “poor perceivers~ unable to feel
symptoms until severe airflow obstruction

-Tracks disease progression
-Assesses risk of exacerbation, decline 1n lung function/reduced growth
-Measures response to therapy

-Reinforces therapy decisions to the patient



Components of Control Classification of Asthma Control (Children 5-11 years of Age)
Well Controlled Not Well controlled Very Poorly
Controlled
Impairment Symptoms <2 days/wk but not more >2 days/wk or multiple Throughout the
than once on each day times on <2 days/wk day
Nighttime <1x/month 22x/month >2x/week
Awakenings
Short acting beta <2 days per week >2 days per week Several times per
agonist use for day
symptom control
(not prevention of
EIB)
Interference with None Some limitation Extremely limited
normal activity
Lung Function
FEV1 or peak flow >80% pred/personal best 60 — 80% pred/personal best | <60% pred/personal
best
FEV1/FVC >80% 75-80% <75%
Risk Exacerbations 0-1/year >2/year
. j requiring oral
Risk of exacerbation . .
) systemic steroids
7 progres‘swe S Reduction in lung Evaluation of reduction in lung growth requires long term follow up
lung function . .. . .. .
growth Medication side effects can vary in intensity from none to very troublesome and
worrisome. The level of intensity does not correlate to specific levels of control but
Treatment related should be considered in the overall assessment of risk.
adverse effects




Components of Control Classification of Asthma Control (Children 212 years of Age)
Well Controlled Not Well controlled Very Poorly
Controlled
Impairment Symptoms <2 days/wk >2 days/wk Throughout the
day
Nighttime <2x/month 1-3x/wk 24x/week
Awakenings
Short acting beta <2 days per week >2 days per week Several times per
agonist use for day
symptom control
(not prevention of
EIB)
Interference with None Some limitation Extremely limited
normal activity
Lung Function
FEV1 or peak flow >80% pred/personal best 60 — 80% pred/personal best | <60% pred/personal
best
Validated
Questionnaires
Risk Exacerbations 0-1/year 22/year
. . requiring oral Consider severity and interval Consider severity and interval since last exacerbation
Risk of exacerbation . . . .
i systemic steroids since last exacerbation
or progressive loss of )
lung function Hetesse I?SS of . . . .
lung function Evaluation of progressive loss of lung function requires long term follow up
Medication side effects can vary in intensity from none to very troublesome and
Treatment related worrisome. The level of intensity does not correlate to specific levels of control but
adverse effects should be considered in the overall assessment of risk.

National Heart, Lung, and Blood Institute, National Asthma Education and Prevention Program: Expert
I 3 Guideli for 1l . . I f Asl I 00



Recommended Frequency of Office Spirometry

- At the time of initial assessment

-After treatment 1s 1nitiated and symptoms and peak flows have
stabilized, to document attainment of (near) “normal” airway
function

- During a period of progressive or prolonged loss of asthma control

- At least every 1-2 years to assess the maintenance of airway function

May be indicated more often than every 1- 2 years, depending on the
clinical severity and response to management

Should be followed to detect potential for decline and rate of decline of
pulmonary function over time

National Heart, Lung, and Blood Institute, National Asthma Education

and Prevention Program: Expert Panel Report 3: Guidelines for the Diagnosis and
~ Mananement of Asthma Full Renort 2007
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Office & Home Spirometers

: KoKo© Portable Spirometer
KoKo© PC Spirometer $1500

These are not by any means only product available
.|



Office & Home Spirometers

Spirobank G spirometer Piko -1 Somerset Medical LLC

Medical International Research
$1300




Abnormal Spirometry Report o= aitings TERER

Packs | Day-
Cooperation:

Test Results: Lurg age:

FENV1HFrad: 56 %

FENT%: 1007%

Improvement: FWGE -10%, FENT: -10% ([Post - Pre) J Pre} = 100
Mot Significant BD Response

Test Interpretation: UNCONFIRMED REFORT

Pre: FWCGe= (LA5L FEVT= 0.850
FENV1%=100.0% 0.85/0 85 FEVTFVC
111412017 9:55:08 AN, Moderabaly severe restriclion

Post: FVC= 081 -9 8%); FEVI= 081 (-5 8%); FEV %= 10000% (0.0%)
{1HZ017 1001123 AM), Severs rastnction

Parameter Units  Pred

11172017 9:53:06 AM Page 1

Test Information:

Pre Time. 954 AN

Fast tima: 10:11 AN

Morm Refierence: HNHANESII 1995

Quality Messages:

Pra: 5-Goad effor. S-Good effort, 4-Blow cut kenger, No Platea,
3-Good effoet, 2-Good effort. 1-Blow out loaper, Mo Plateau,

Post 4 Blow out longer, No Plateau, 3-S5ood affort, 2-Blow out longer,
Mo Plateau, 1-Good e,

FEV Pra f Post War Ol [1%) T 7B mil {10 3)
FYC Pre/PoslVar 9 [1%) I TB il {30-9%)
ATS Reproduchility:

Pre:  MET ()

Post  NOT MET (= 3 scceptssle efforts)

Test Comment:
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Abnormal Spirometry Repart - e /2002019 9:21:17 AM Page 1

Patient Information: Test Infarmation:
io. faarical Pre Time: 921 AM

Wame: ricza e i o) Post tma; o400 AM

COE: L Mesm Rafarence: MHANESII 1205

Height: BZinch  Wesght

Giander Famale Quality Messages:

Hacs: Caucasian Pt A umﬁl}uﬂpu Bl 1
Packs ! Day Smoka Yasm: i 3 e i :
Cgaparation;

Test Rusults: Lung aps: FEVA Pre ! Postvar 22 mi (2 %) £A1ml i %)
FEVT%Prad: TE Y% FVC Pra i Postver 125 mii5 %) 7284 il (11 %)
FEVI%: BO% ATS Reproduchilty:

m ment: PG 2, FEVT: 58% = J =100 Pre: MET 0}
Salicart Fib Radpiiing = Bast  NOT MET (= 3 ascepasie sfarns)

Test Interpretation: UNCONFIRMED REFPORT Test Comment:

Pre: FVC= 2.07L FEVi=1.35L
FEVT%= B4.4% 1.332.07 FEVI/FVG
(202D B EZ 50 AM), Severe obstruction Modesale restriction

Fost FWG= 280 {27.1%); FEVI= 2L (57 P FEVI%= T3.5% (24.1%)
R202 D 4112 AM), Within nonmal kmits

) Best Effort
Paramater Units.  Prad 4. Fra %Pred | ool SWPrad JeChange
309 : 67 263 &5 7% (0.55)

2,68 20 73 58% (0.77)

ao o 245 (18)

26T s % (0.73)

477 85 T0% (1.86)

1.40° &1 122% (1.04)
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Abnormal Spircmetry Report
Patient Information:

io; R

Name: SRR
DOE: L -
Height! A9inch  Weight
Gender Male

Racs Caucasian

Packs § Day.
Cooperaliee

Smoke Years.

Test Results:
FEW1%Pred:
FEV1%: Ti%

Impravement. FWIC. -B%, FEWA . -4% [[Posl - Pred J Pre) * 100
Mat Eignificant ED Respanse
Test interpretation:

Pre: FVC= 3.38L FEVI= 2.400L
FEW1%= 70.8% 2.4003.38 FEV1/FVC

(32018 93337 AMY. Moderataly savare chstruction Modarata rastriction

Post: FWiC= 3.2L (-6.4%); FEW1= 2.3L (-3.8%), FEV1%= TE.T3% (2.7%)
(202013 10:05:17 AM), Modarately sevene obstruction Moderate restriction

Lurg aga:
58 %

UNCONFIRMED REPORT

()
i

322018 9:31:58 AM Page 1

Test Information:
Fre Time:

Past time:

Mz Feferencs:
Quality Messaaas:

Pra: 3-Blest out faster, Z-Blast out faster, 1-Blast out fasier,
Post 3-Blast out faster, 2-Elast out fagter, 1-Do ot hegtate,

9:32 AM
10:04 AN
HNHANESII 1398

FEW1 Pra / Post Var 1 mi (0 %)

FVG Pred Postvas  118mI(3 %)

ATS Rapraduchility

Fra:  MET ()

Pasl  NOT MET i 3 scceplable efforis)

Test Comment:

£ 153 md (7 %)
F 25 ml (1 %)
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Mormal Spirometry Report
Patient Information:

&r20/2019 10:48:15 AM Page 1
Test Information:

D Pra Timg: 1048 AM
Mame: Post fime: 1108 AM
Marm Referenca: Polgar 1971

Quality Messages:

Fra: 7-Good effort, §-Good effor, 5-Gaod effor, 4-Gaod efort, 3-Good
effarl, 2-Goad eftan, 1-Blow out longer, Mo Plateau.

Pest T-(5ood effort, 8-Good effort, 5-Blast ouf fasier, 4-Blast sul Fasher,
3-Good effort. 2-Good effort, 1-Good effort,

FEV1 Pre | PostVar 52 mi (6 %)
2% FVC Pref Postvar 111 mil (12 %)
A% ATS Feproduchility:
] FWC. 17%, FEW1: 15% {{Post - Pre) / Pra) * 100 Pre:  MOT MET (FVC andior FEV1 Wananoe > 150 mi)
Mat Significant BD Respanse Post  NOT MET (FUC andior FEV Warknse = 150 i)

Test interpretation: Test Comment:

Pre: PYC= 0.930 FEW1= QuBOL
FEW1%:= 85.9% 0.8010.83 FEVUFVEG
{BR20201 9 10:49:40 AN, Within nonmal limits

131 mil (3 %)
£ 128 mi {12 %)

UNCONFIRMED REPORT

Post: FVC= 1.1L (17.5%); FEWV1= DAL (14, 7%); FEVT%= B.9% (-2.4%)
{8:2072010 11.07-29 AM), Within normal limis.

Best Effart
7 e YWPred S Post Y.Pred
0.93 T 1.08 a3

HChange
17% (016}
FEW1 L) g 0.50" 15% [0.1Z}
FEVAIFVC (%) a3 . 2% {-2)
FEVE L 093 7% (016}
PEF [Lisy A 50° 2% (013}

FEF25-75 (Lfs) 0.1 8% (0.14)
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= Vocal Cord Dysfunction (VCD)

- Paradoxical adduction of the vocal cords on inspiration

- Characterized by tightness, wheezing, stridor and dyspnea

- Often treated for refractory asthma with inhaled and systemic
corticosteroids

- History of ED or urgent care visits and hospital admissions

- May undergo intubation or tracheostomy

- Predominantly female

- One retrospective study found 10% of patients with
intractable asthma had VCD and 30% had VCD coexisting
with asthma
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= Vocal Cord Dysfunction Pathophysiology

- Pathogenesis not fully understood

- Intrinsic and extrinsic stimulation causing hyperresponsiveness of laryngeal
sensory and motor innervation
- Alteration of vagal mediated laryngeal tone

- Possible stimulants identified
Irritants (chemical cleaners, organic solvents, smoke) may alter vagal laryngeal
tone lowering threshold for inspiratory adduction
GERD may accentuate glottic closure due to acid injury of laryngeal mucosa

Emotional stress, anxiety
- Although rarely a cause, neurologic conditions such as Chiari malformation,

cerebrovascular accident, or brainstem injury should be considered



Clinical Presentation

VCD

Asthma

Tightness at the neck
(extratoracic)

Tightness at the chest
(intrathoracic)

Stridor/wheeze, voice
change, difficult inspiration
globus sensation

Wheeze, dyspnea

Abrupt beginning and end

Symptoms prolonged

Occurs primarily during day
while awake

Diurnal pattern (increased
nocturnally)

Resolve with relaxation
Albuterol no relief

Relieved with beta agonist

Occurs soon after exercise

Starts within 5 to 15
minutes of exercise and
increases steadily




Findings

VCD

Asthma

Displays “La Belle
Indifference” or distress

Displays distress

Wheezing/stridor loudest
over neck

Wheeze loudest
peripherally in chest

Can hold breath during
event

Unable to hold breath
during event

No cyanosis or hypoxia

May have cyanosis,
hypoxia

Normal blood gas; no
alveolar arterial gradient

May have A-a gradient and
hypercapnea

Chest xray normal

Hyperinflated, atelectasis,
peribroncial thickening




A Anterior B

Epiglottis
True vocal cords

False vocal cords

Posterior
Normal larvnx Vocal cord dysfunction

Picture A True vocal cords are abducted during
inspiration in normal larynx
Picture B Noted adduction of the true vocal cords
anterior during inspiration with posterior
diamond shaped opening
Place R et al Journal of Adolescent Health 2000









Conclusion

m Office spirometry 1s preferred to peak flow in
diagnosing and establishing asthma severity

m Office spirometry 1s useful for maintaining asthma
control and detecting decline in lung function

s Lung function FEV1 can predict asthma severity, risk
of exacerbation and loss of lung function/growth
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