Spirometry measures the amount
and rate of air a person
breathes in order to diagnose
illness or determine progress
in treatment
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Pulmonary Function
Tests

Spirometry



COPD

« The most common respiratory disease
e One of the leading causes of death in the United Sates

Spirometry is the preferred test for the diagnosis of
COPD...

... the results must be correlated carefully with clinical
and rentgenographic data for optimal clinical application.

(Barreido TJ, Perillo I: An Approach to Interpreting Spirometry, AmFamPhysician2004;69)



The maneuver may be performed

» in a forceful manner to generate

a forced vital capacity (FVC)

> in a_more relaxed manner to generate

a slow vital capacity (SVC)
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Figure 19-1 The subdivisions of
the lung volume. The term ca-
pacity is applied to a subdivision
composed of two or more volumes.
The definitions of these subdivi-
sions are found in Table 19-1.




MEASUREMENT OF RV (FRC, TLC)

- impossible by a direct method /spirometry/!

MEASUREMENT OF RV (FRC, TLC) -

INDIRECT !
(Closed-Circuit Helium Method)
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Figure 19-7 The combined ef-
fects of height, age, and sex on
lung volumes. A. Male, 190 cm
(75 in) tall, 20 years old; VC =
6.20 L, FRC=4.50 L, RV =2.00
L, TLC = 8.20 L. B. Female,
150 ¢cm (59 in) tall, 70 years old;
VC=190L, FRC=196L, RV=
1.40L, TLC=3.30 L.




Is the Test Normal ?

Parameters below the Lower Limits of Normal (LLN)

indicate a possible lung disease

What is LLN?

Fixed value for the lower limit of normal
80% of predicted
(F)VC = 80% of predicted - Normal



Restrictive Pattern

A restrictive disease is like a lock on the chest cage
or the elastic tissue of the lungs,

which limits the expansion of the lung,

thus interferes with respiration \ »—;’;1 t

It does not increase and may even
decrease the airway resistance,
but limits the lung volume from increasing




Restrictive Pattern
¢ ability of the lungs to expand

| Thorac:lc cage abnormalltles

Neuromuscular mvolvement of the respiratory muscles ©

Pleural disease

&

-4 amount of normally

ventilated lung tissue
» | compliance

Interstitial diseases
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Obstructive Pattern

- Narrowing of lumen
of the airways

. ?airway resistance

o J flow rate




Obstructive Pattern

- Tairway resistance
-Jrate at which air can move through the lungs

6¢ Alveoli with

AJ
A
Edema Normal bronchi Bronchitis ‘m}x e‘mp‘t_wy?ema
, . N es

N S
“

Microscopic view
of normal alveoli

Mucus

Contracted
Smooth Huscle

: - y ) ,
Ao Amedis Sromess (oross seciian, FADA]

Asthma Chronic bronchitis Emphysema
COPD

(Obstruction of lower airways)



COPD >N

CHRONIC AIRFLOW LIMITATION Bob, I've goi emphysema.
“EMPHYSEMA AND CHRONIC BRONCHITIS®™ ! \

a8 %

® Easily Fatigued * Wheezing o m= :

« Frequent Respiratory : f“cr:::'n"t‘r(’: f:;:thme
Infections

¢ Use of Accessory S e Barrel Chest

Muscles to Breathe * Dyspnea
* Orthopneic * Prolonged Expiratory

¢ Bronchitis -
Increased Sputum

® Cor Pulmonale S X
(Late in Discase) * Digital Clubbing

® Thin in
Appearance

. Q2007 Nurwing Education Conmeltanta, inc



FORCED (Expiratory) VITAL CAPACITY TEST

determines airway resistance, detects airway obstruction
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A VOLUME /TIME CURVE
» A fast rise
» A plateau at the end # e

Expiration (which follows the maximum inspiration)
as forced, fast, and deep as possible
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Parameters below the Lower Limits of Normal (LLN)

indicate a possible lung disease

Fixed value for the lower limit of normal

FEV1, (F)VC = 80% of predicted - Normal



d Tiffeneau Ratio - FEV,/ VC

> 0.7 (70%)
NORMAL

4 PseudoTiffeneau Ratio - FEV,/ FVC



Parameters below the Lower Limits of Normal (LLN)

indicate a possible lung disease

FEV1, (F)VC = 80% of predicted
FEV1/(F)VC = 0.7 (70%)
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Obstructive Pattern

FEV1 ?
Reduced




OBSTRUCTION

VC?

FVC?  Air trapping -
Normal pseudorestriction

Ruptured Alveolar
Wall

./

-
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Airway

Alveolar walls

with elastin
fibers —>
Normal Airway "Floppy" Airway in
held open by patient with emphy-
tethering effect sema, no longer
of the alveolar walls supported by

alveolar tissue

(F)VC reduced
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Obstructive Pattern

. FEV1/(F)vC ?
a3k W\

Reduced




FVC Test - Obstruction

* FEV, [L] - Reduced

+ F(VC) [L] - Normal or Reduced

* FEV, to (F)VC ratio — Reduced !!!



FIGURE 2-8. FLOW VOLUME CURVES FIGURE 2-7. NORMAL AND OBSTRUCTIVE PATTERNS
VOLUME TIME CURVES

Normal FVC=3.11, FEV1=2.76, FEV1/FVC%=88.6% (— )
Normal FVC=3.11, FEV1=2.76, FEV1/FVC%=88.6% (——)

Obstructive FVC=2.93. FEV1=1.67, FEV1/FVC%=56.9% (———)

Obstructive FVC=2.93, FEV1=1.67, FEV1/FVC%=56.9% (~=~)
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Maximum expiratory and inspiratory flow volume curves with examples of how
respiratory disease can alter its shape:

a) normal subject

b) obstructive airway disease €) severe obstructive disease
{e.g. asthma); {e.g. emphysema)

d) restrictive lung disease &) fived major airway obstruction
{e.q. pulmonary fibrosis) {e.q. carcinoma of the trachea).




Typical Flow-Volume Curves

Normal

Curves

struction




Obstruction Of Upper Airway, Trachea, Large Bronchi -

less common, can be suggested by spirometry

Variable

(airflow is compromised by dynamic changes in airway diameter)

Intrathoracic Extrathoracic
Reasons Tracheomalacia Vocal cords /oaralysis,
Neoplasm Thyromegaly Tracheomalacia
Neoplasm

Flat expiration Flat inspiration

|Variable Extrathoracic Upper Airway Obstruction
\
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Obstruction Of Upper Airway, Trachea, Large Bronchi -

less common, can be suggested by spirometry

Fixed

Intrathoracic Extrathoracic

Reasons Tracheal stenosis Foreign body Neoplasm

Flow/Volume Curve is flat for inspiration and expiration
(a squared loop)

—— Normal (20-25mm
tracheal diameter)

~ -== 9 mm stenosis
% :
N\ e 5 mm stenosis

A specific, but not sensitive sign



Fixed Upper Airway Obstruction
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FVC Test — Restriction

» FEV,[L] - Reduced
» F(VC) [L] - Reduced

FEV, reduced less than F(VC)

FEV,to (F)VC ratio - NORMAL or INCREASED
PRESERVED



Restriction Volume Time




- OBSTRUCTIVE RESTRICTIVE MIXED 7

t orN

*N = Normal




Spirometry requires forced maximal expiration
which increases chest pressure

Absolute Contraindications For Spirometry Testing:
» Recent MI (1 month)
» Recent stroke, eye surgery, thoracic/abdominal surgery
» Hemoptysis
» Known thoracic, aortic or cerebral aneurysm
» Recent pneumothorax
» Uncontrolled hypertension
» Pulmonary embolism

Relative Contraindications:
» Chest or abdominal pain of any cause
» Oral or facial pain exacerbated by a mouthpiece
» Stress incontinence
» Dementia or confusional state
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Questions 10-12. The information which follows was obtained from a 23-year-old patient during a
complete work-up (direct spirometry; closed circuit helium method) in a pulmonary function
laboratory:

Total lung capacity 7.0L
Inspiratory capacity 4.0L
Inspiratory reserve volume 35L
Expiratory reserve volume 15L

10. The tidal volume (TV) is

A. 100 ml

B. 350 ml

C. 500 ml

D. 1000 ml

E. cannot be determined given the above data

11. The vital capacity (VC) is
A.30L
B.5.0L
C.55L
D.6.0L
E.7.0L

12. The functional residual capacity (FRC) is
A.05L

B.3.0L

C.35L

D.40L

E. not measurable given the above data



| Pre-Bronchodilator(8D) ____| _ Post-BD
| Test [ Actual | Predicted | % Predicted | Actual | % Change |
FCWL [ 319 | a2 | 6 | 400 [ 25
FEV,(L) [ 218 | 339 [ 64 | 283 | 30 |
FEV/FVC(%) | 68 | 8 | = | 7 | 4

/ Predicted Peak Flow
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Case 8

Interpretation and Comment

The FVC and FEV1 are both below the lower limit of normal (defined as 80% of
the predicted value for the patient). In addition, the FEV1/FVC ratio is only
0.68, less than the lower limit (0,7 or 70%).

A low FEV1 and FVC with a decreased FEV1/FVC ratio is consistent with an
initial diagnosis of air-flow obstruction with reduced VC which may indicate
concurrent restriction.

With an FEV1 of 64% predicted this would be classified as “moderate” airflow
obstruction.

In addition, the FVC improves by 0.81 L (25% increase) and the FEV1
improves by 0.65L (30% increase) following administration of a bronchodilator
so this patient would qualify as having a bronchodilator response (defined as a
12% and 200 increase in either the FEV1 or FVC).

The flow volume loop also shows several abnormalities consistent with
obstructive lung disease. The peak expiratory flow rate is lower than the
predicted peak expiratory flow and the curve has the characteristic scooped out
appearance typically seen in airflow obstruction.



Thank you



