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Introduction to
Pulmonary Function Testing

Learning Objectives:

ADescribe the devices and methods for direct/ indirect
spirometry and body plethysmography, for lung
volume and compliance measurement.

Alnterpret lung volumes and compliance

ADescribe the devices and methods for measuring
inspiratory and expiratory pressures.

Alnterpret inspiratory and expiratory pressures.

Purposes of PFTs:

ASuggest a diagnosis by identifying
the pattern of disease; e.g.,
®restrictive
®obstructive
®neuromuscular
€®combined defects

AAssess the severity and progression
of disease

Learning Objectives:

ADescribe the physiologic basis and indications for
spirometric flow measurements.

ADescribe the devices and methods for spirometric
flow measurements.

Alnterpret results from spirometric flow
measurements.

ADescribe body plethysmographic measurement of
airway resistance.

Purposes of PFTs:

AEvaluate therapeutic & rehabilitation
regimens

AEvaluate surgical risk

ADetermine disability

AEstimate prognosis




Types of PFTs:

ALung volumes
@ direct spirometry
€dilution methods
®plethysmography

ALung mechanics
®airway flow
®airway resistance
€lung compliance

ADiffusing capacity

Lung compartments

ALung volumes
@ Tidal volume (TV)
®Inspiratory reserve volume (IRV)
@ Expiratory reserve volume (ERV)
®Residual volume (RV)

Types of PFTs:
ABronchodilator response
ABronchoprovocation
AExercise testing
AMetabolic testing
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Lung compartments

Lung Volume
Measurement

ALung capacities two or more
volumes
@ Inspiratory capacity (IC) =TV + IRV

@®Functional residual capacity (FRC) =
ERV + RV

@ Vital capacity (VC) = IRV + TV + ERV

@ Total lung capacity (TLC) =TV + IRV
+ ERV + RV
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Direct spirometry devices
Avolume displacement spirometers:
®water seal; e.g., Collins, Tissot
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Direct spirometry
AMeasures all volumes and capacities
that do NOT include the RV; i.e., FRC
& TLC

Direct spirometry

Avolume displacement spirometers

€dry rolling seal; e.g., Spirotech S780,
nSpire HD CPL

Direct spirometry devices
Avolume displacement spirometers:
®water seal; e.g., Collins, Tissot
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Direct spirometry

Avolume displacement spirometers
€dry rolling seal; e.g., Spirotech S780




Direct spirometry
Avolume displacement spirometers
®bellows

Direct spirometry

Avolume displacement spirometers
Amechanical respirometers
Aelectronic spirometers - flow sensors

€®pneumotachometers

®heated wire sensors

®pitot tube sensors

®ultrasonic flow sensors

Direct spirometry
Avolume displacement spirometers

®Dbellows - Vitalograph Gold
Standard™
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Indirect spirometry

AGas dilution methods
®measure capacities that contain RV
@®Principle:

C1V1l = C2V2 ==>
¢ VI(FRC) = C2Vv2/C1

Direct spirometry
AVolume displacement spirometers

ATurbines - flow sensors; e.g., Wright
respirometer

Gas dilution methods

AMethods
@ Helium dilution
@ Nitrogen washout




Nitrogen washout

AOpen circuit method

APatient breathes 100% O2, starting at
FRC

AExhaled gas is collected in Tissot
spirometer or Douglas bag

AN2 concentration measured

AWhen minimal N2% (1%) is reached,
volume & %N2 in Tissot are
measured

Nitrogen washout

ACalculation includes correction
factors

FRC = (Vexh)(%N,exh)
%N,alv (.75)

Nitrogen washout
ADouglas collection bag

Typical Douglas Bag Method Components
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Helium dilution method

AClosed circuit method

APatient rebreathes HeO2 mixture with
known volume of He at FRC until
equilibration between lung and
spirometer

AQ2 is added during the test

ACO2 is absorbed during the test

Nitrogen washout

ATissot water seal spirometer

Helium dilution method

ATotal volume for circuit and
spirometer calculated (with
correction factors)

FRC = (%Heinitial - %Hefinal) x system volume
%Hefinal




Helium dilution method
ASources of error
®patient intolerance - long procedure
®leaks in system
®leaks in patient; e.g., eardrums

@ slow, or non-communicating lung
units
™slow units increase equilibration time

™closed units cause underestimation of
FRC

Whole body plethysmography
AAdvantages
®measures all thoracic gas
®rapid measurement
®better cooperation
®also measures R,

Whole body plethysmography
AMeasures thoracic gas volume
(TGV, V) - includes all gas in the

thorax
ATrapped gas can be estimated:
Volume,ppeq = TGVpiein - FRC,e gitution
APrinciple - Boyle's law

®P1V1 = P2V2

Whole body plethysmography
ADisadvantages
®claustrophobia
®equipment expense
®cquipment space requirement
®extensive operator training
®may overestimate FRC

Whole body plethysmography
APatient sits in sealed chamber
APants at FRC against closed shutter
AMouth pressure change is measured
AChamber volume change is measured

AQscilloscope displays relationship of
changes in pressure & volume
(tangent)

OTGV (V1g) = (dV/IdP,) (P4 - dP,)

Alternate methods for lung volumes
Almaging techniques
®standard radiographs
€ computed tomography
€®magnetic resonance imaging

AOxygen washout - during mechanical
ventilation




Abnormal volumes - implications
AReduced volumes with decreased
lung compliance (C,) ==> restriction
®intrinsic pulmonary restrictive
disease
™fibrotic processes; e.g., silicosis,
idiopathic pulmonary fibrosis
™pulmonary edema
™space occupying lesions; e.g., tumors
™surfactant deficiency

Abnormal volumes - implications
AReduced volumes
®additional tests may be indicated to
differentiate
™lung compliance

™maximal inspiratory and expiratory
pressure

®neuromuscular conditions
™normal compliance
>decreased Plyax, PEuax

Abnormal volumes - implications

AReduced volumes - decreased
compliance of lung and thorax (C;)

®extrinsic restrictive disease
™morbid obesity
™pleural disease

™thoracic deformity; e.g.,
kyphoscoliosis

Abnormal volumes - implications
Alncreased volumes - RV, FRC, TLC
®emphysema - loss of lung elasticity

®asthma (severe) - airway obstruction
causing gas trapping

Abnormal volumes - implications
AReduced volumes
®reduced effort - normal compliance
(Cuy)

™neuromuscular weakness; e.g.,
myasthenia gravis, muscular dystrophy
may progress to extrinsic restrictive
disease

™purposeful - malingering (will not
affect RV)

Lung compliance
APurpose - to determine restriction
AMeasurement requires
®static volumes (zero flow)
®pleural pressure (esophageal
pressure)
®alveolar pressure (mouth pressure)
@ shutter for flow interruption
AVolume-pressure curve generated
from data




Lung compliance

Apleural pressure (esophageal
pressure)

Esophageal balloon

Inspiratory/expiratory pressures

APlyax (NIF - NOT)
€ maximal sustained pressure to
generate inspiration

®measures strength of inspiratory
muscles

APEMAX
®maximal sustained expiratory
pressure
®reflects coughing capability

Lung compliance
ANormals
€C, = 200 mL/cm H20
€C,,= 200 mL/cmH20
€C, .= 100 mL/cm H20

AL/C,; = 1/CL + 1/Cy, ==>
1/100=  1/200 + 1/200

Inspiratory/expiratory pressures

AMeasurement devices
®pressure transducer OR
€®aneroid manometer (+200 cm H20)
®mouthpiece (flanged) or mask
®nose clip

Lung compliance
Almplications of abnormal compliance
&®decreased C, - intrinsic restrictive
disease
®decreased C,, - extrinsic restrictive
disease
®increased C, - emphysema

Inspiratory/expiratory pressures

AMeasurement technique
QP
™patient exhales to RV
™airway occluded
™maintain maximal pressure 2-3 s
®PE, .«
™patient inhales to TLC
™airway occluded
™maintain maximal pressure 2-3 s




Inspiratory/expiratory pressures
ASources of error

®non-standardization of technique
among operators

€®inadequate cooperation
®leaks

®pressure generated by cheek
muscles (mouthpiece measurement)

Sniff nasal inspiratory pressure (SNIP)

AAdvantages
®natural maneuver - easy to do
®climinates cheek muscle pressure
@reliability better than Pl
®validated for all age groups

Normal values*

Females Mean (cm H20) SD (cm H20)
Plyax 79 +19
PEyax 111 +25
Males

Plyax 117 +25
PEyax 192 +42

*Charfi MR, et al. 1991

Pathophysiologic Basis
For Spirometry

Sniff nasal inspiratory pressure (SNIP)

ADescription
®manometer connected via tube to one nostril
@®other nostril remains open
®patient instructed to sniff maximally

Assessing inspiratory stage of cough

@

Physiology of air flow
AFactors affecting the magnitude of
airflow
®ventilatory muscle strength
®airway resistance
®clastic recoil of lung
®airway collapsibility




Physiology of air flow
AVentilatory muscle strength
®inspiratory strength - determines
maximal inspired lung volume
™greater volume ==> greater elastic
recoil
™greater volume ==> larger airways at
beginning of expiration
®expiratory strength - determines
drive pressure for forced expiration

Physiology of air flow

AAirway resistance (R,,) - pressure
required to produce flow
®predominant factor in R,y - the radius of

the airway

OR,, i Urt==>

€®decreasing radius by 1/2 increases R,
by 24 =16 times ==>

®pressure required to produce flow must
increase by factor of 16 OR

@the same pressure will produce 1/16
flow

Physioloqgy of air flow
AAirway resistance (R,,) - pressure
required to produce flow
@ unit of measurement - cm
H20O/L/sec
®alternate unit - reciprocal of R,,, is
airway conductance (G,y)

®measured directly with whole body
plethysmography

Physiology of air flow
AR,y IS NON-constant during
ventilatory cycles because the
airway diameters change

@®high volumes - larger airways and
lesser R,

®low volumes - smaller airways and
greater R,y

Physiology of air flow
AAirway resistance (R,,) - pressure

required to produce flow
®predominant factor in R, - the radius
of the airway

R, 1 1rt==>

@ decreasing radius by 1/2 increases
Raw by 24 =16 times ==>

Physiology of air flow
APathologic factors that affect R,y
@®bronchospasm - smooth muscle
contraction
@®bronchiolitis - narrows lumens
®airway edema
®smooth muscle hypertrophy




Physiology of air flow
APathologic factors that affect R,y

€®Dbronchospasm - smooth muscle
contraction
€Dbronchiolitis - narrows lumens
®airway edema
€®smooth muscle hypertrophy
€ connective tissue remodeling

®increased numbers of mucus glands
and goblet cells

®luminal secretions

Physiology of air flow

AMigration of EPP
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EPP moved distally
decreased pressure
for airflow

Physioloqgy of air flow
AFactors affecting expiratory airflow

®clastic recoil of lung - produces
expiratory drive pressure during
quiet breathing
@®when elastic recoil is decreased
and time for expiration is decreased,
gas trapping occurs

Physiology of air flow

Alnspiration vs. expiration

€during inspiration intrathoracic
airways tend to expand and
extrathoracic airways tend to
collapse

inspiratio expiration

—_ —_——
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Physiology of air flow
AAirway collapsibility - migration of
equal pressure point (EPP)
AEPP - point where intra-airway
(drive) pressure equals surrounding
pressure
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Physiology of air flow

AFixed, vs. variable obstruction
@ Fixed obstructions limit both
inspiratory and expiratory flow; e.g,:
™tumors

™congenital or acquired airway
defects




Physiology of air flow
AFixed, vs. variable obstruction
@ Fixed obstructions limit both
inspiratory and expiratory flow; e.g,:
™tumors

™congenital or acquired airway
defects

@ Variable obstructions change with
intrathoracic pressure changes and
vary with:

™location of obstruction
™airway collapsibility

Spirometry indications
APatients presenting with
undiagnosed respiratory
symptoms; e.g.,
®dyspnea
®wheeze
®cough

Spirometry Methods
and Devices

Spirometry indications

APatients with suspected COPD, in
particular those with a positive
smoking history and:
®increasing age
@®chronic cough
®breathlessness on exertion, and
€ daily wheezing

Spirometry
ADescription - measurement of
inhaled and/or exhaled air flow

APurpose - to diagnose and evaluate
airway obstructive disease

ATypes:
®volume-time curves
®flow-voume curves

Spirometry indications

AHistory of recurrent winter chest
infections

ADiagnosis of COPD

AMonitoring patients with
established obstructive disease

ADiagnosis of asthma - normal
spirometry results do NOT rule out
asthma




Spirometry relative contraindications

AKnown or suspected respiratory
infection

AHemoptysis of unknown origin
APneumothorax

AUncontrolled hypertension or
history of hemorrhagic CVA

Spirometry devices
ADisplays - screen, paper
AData recording - paper, digital
AData reporting - printout, digital file
AData storage - preferably digital

Spirometry relative contraindications

AKnown or suspected respiratory
infection

AHemoptysis of unknown origin
APneumothorax

AUncontrolled hypertension or history
of hemorrhagic CVA

ARecent thoracic, abdominal or eye
surgery

ANausea, vomiting, pain

AConfusion, dementia

Spirometry procedures
APre-testing history and physical
examination

AAsk time of most recent
bronchodilator

AMeasure height, weight

Spirometry devices
AVolume displacement - laboratories
ATurbine spirometers
APneumotachographs
AUltrasonic types
AHeated wire type
APitot tube type

Spirometry procedures

ARapid inspiration, then forced
expiration

ARepeat three times

ATwo largest FVC, FEV, must be
within 150 mL

AReport greatest FVC, FEV,

AAdminister bronchodilator, if
ordered and repeat FVC maneuvers




Spirometry Interpretation

FVC parameters

AFVC* - forced vital capacity (liters)

AFEV,* - forced exhaled volumein 1s
(liters)

AFEV,/FVC%* (FEV,/FVC) * 100

*denotes undisputed utility

Timed forced vital capacity (FVC)

|

Volume

i

|1

FEV FVC

(liters)

Time (secs)

1sec

Slope of curve at any point =dV/dT = flow

FVC parameters

AFEV,.- forced exhaled volume in 0.5s
(liters)

AFEV, - forced exhaled volume in 6s
(liters)

AFEV¢{/FVC%

AP Jone|
Timed forced vital capacity (FVC)
| | \ FEV1 |
I FEV1 FvC FVC
Volume N\, \ I
(Iiters) 1sec
Normal Obstruction
FEV1/FVC > 82% FEV1/FVC < 82%
AP Jones

FVC parameters

AFEV, ;.- forced exhaled volume in 0.5s
(liters)

AFEV, - forced exhaled volume in 6s
(liters)

AFEV/FVC%

AFEF,s .5, - forced expiratory flow between
25% and 75% expiration

APEF - peak expiratory flow

AV yaxson Vivaxzsy - flows at 50% and 75%

expiration respectively (flow-volume
study)




Interpretation

AAssumed preconditions:
@testis properly done by skilled
operator
@®testing equipment is mechanically
operational and calibrated
®patient is capable, properly
instructed and motivated

Flow-Volume
Studies

Interpretation
AFEV,/FVC is most reliable indicator
for expiratory airway obstruction
AFEF, .., - its utility is controversial
AFEV(/FVC - informing patients of

lung age purported to aid smoking
cessation??? (controversial)

Flow-volume studies

APlot inspiratory and expiratory
flows, versus lung volumes

AAdvantages:

@display instantaneous flows at all
points of FEVC and FIVC

€ graphic display of volume vs. flow for
gualitative analysis

®cvaluates inspiratory and expiratory
obstruction

@ capability to superimpose curves

Interpretation

Degree of severity FEV1% pred.

Mild >80
Moderate 50-79
Severe 30-49

Very severe <30

Devices
AFlow measuring device
AMicroprocessor, to:
®process signals
@ generate display
®store and recall data




Technique
APrepare patient

ACalibrate sensor

AMaximal inspiration, then,
AForced expiration (FEVC), then,
AForced inspiration (FIVC)

Flow-volume loops

Flow Exp
(L/minY
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Volume (L) —— Restriction AP Jones

Flow-volume loops

+~—PEF

Variable
/intrathoracic
Flow &P
(L/min) W
Normal PIF \/
Volume (L)
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Variable obstruction will changes with pressure
Fixed obstruction remains constant

Flow-volume loops
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Airways Resistance
Studies




Airways resistance studies

AThe gold standard for evaluating
airway function

APurposes:
®asthma diagnosis
®bronchodilator response
®cvaluate obstruction for patients who
are unable or unwilling to generate FVC
®bronchodilator response in patients
who show a clinical response; but
unchanged spirometry

Parameters

AR, -airways resistance (cm
H20O/l/sec)

ARAwos - @irways resistance at flow =
0.5 L/sec

AsSR, - sSpecific airways resistance
(cm H20/L/sec/L)

Plethysmographic measurement
AAdvantages
®effort independence
®feasible with infants
®rapid test completion
ADisadvantages
®equipment expense
€®equipment space
®extensive operator training

Parameters

AR, - @irways resistance (cm H20/l/sec)

AR w05 - @irways resistance at flow = 0.5
L/sec

ASR,w - Specific airways resistance (cm
H20O/L/sec/L)

AG,, -conductance (L/sec/cm H20)

AsSG,,, - specific conductance (L/sec/cm
H20I/L)

AShapes of loops

Measurement
AWhole body plethysmographic
measurement of:
®alveolar pressure
®gas flow
APatient pants or breathes at TV
APressure-flow tracings generated

Normal values

ARAWO.S = 0.6 = 2.4 Cm HZO/L/SGC
ASG, - > 0.15 L/sec/cm H20/L




Summary & Review
APurposes (indications) for PFTs
ATypes of tests
ALung volume measurements
®volumes & capacities
@ direct spirometry
@ direct spirometry devices
€ gas dilution methods for FRC

®whole body plethysmography for
TGV

@®alternative methods for volumes

Summary & Review
ASpirometry methods and devices

®indications and contraindications
for spirometry

@®spirometry devices

®procedures
ASpirometry interpretation

®FVC curves

®FVC parameters

& Values for FEV,/FVC

Summary & Review
Almplications for abnormal volumes

AlLaboratory lung compliance
measurement

Alnspiratory and expiratory pressures

Summary & Review

AFlow-volume loops
®restriction
®variable intrathoracic obstruction
®variable extrathoracic obstruction
#fixed large airway obstruction
AAirway resistance studies - gold
standard
€indications
®procedure
®parameters and interpretation

Summary & Review

APathophysiologic basis for
spirometry - factors that affect
airflow
®muscle strength
®airway resistance
®elastic recoil of lung
®airway collapsibility
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