PULMONARY
FUNCTION

TESTING
(PFT)




A comprehensive group of diagnostic tests,
not a single procedure, used to quantify the
functional status of the respiratory system.

They evaluate the integrated performance of the
airways (large and small), lung parenchyma
(alveoli and interstitium), pulmonary
vasculature, chest wall and respiratory
muscles, and neural respiratory control.

Standard:

Spirometry

Lung volumes

Diffusion Capacity of the Lung for Carbon Monoxide

(DLCO)

Specialized:

Arterial Blood Gases (ABG)
Exercise oximetry
6 Minute walk test

Peak flow

Maximum inspiratory and expiratory pressures



PURPOSES OF PFT

Evaluate the Classify
signs and asthma and
symptoms of COPD
lung disease

Obstructive Lung Disease

COPD
(chronic bronchitis <> emphysema)

Asthma

Bronchiectasis

Cystic fibrosis

J

Assess the Monitor the Evaluate

progression of effectiveness preoperative

lung disease of therapy patients in
selected
situations

Restrictive Lung Disease

Interstitial lung disease
(e.g. pulmonary fibrosis, sarcoidosis)

Chest wall pathology
(e.g. kyphosis, scoliosis)

Obesity

Neuromuscular disease
(e.g. ALS, muscular dystrophy)

Pulmonary Vascular Disease

Primary pulmonary
hypertension

Chronic thromboembolic
disease

J




STANDARD PFT

Spirometry Lung Volumes (and Diffusing Capacity of the
Capacities) Lung for Carbon Monoxide
= A test measuring the volume ¢ Measurements that quantify the = A test measuring the ability of
of air an individual can inhale or  Specific amount of air present in the lungs to transfer gas from
exhale as a function of time. the lungs at various stages of the the inhaled air to the red blood

respiratory cycle. , .
cells in pulmonary capillaries.

* Volumes are primary

e m |t serves as a direct marker for
measurements; Capacities are . _
the sum of two or more the integrity of the alveolar-

volumes. capillary membrane.



LUNG VOLUMES
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IRY 2500 mL | ¥C 4500 md

Ve S00mL
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RY 1500 ml.
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TLE 6000 mL

3000 L

IRV

ERV

RV

FRC

VvC

TLC

Name

Tidal Volume

Inspiratory
Reserve
Volume

Expiratory
Reserve
Volume

Residual
Volume

Functional
Residual
Capacity

Inspiratory
Capacity

Vital Capacity

Total Lung
Capacity

Definition
The volume of air inspired or

expired during a single normal
breath.

The maximum volume of air that
can be inspired after a normal tidal
inspiration.

The maximum volume of air that
can be exhaled after a normal tidal
expiration.

The volume of air remaining in the
lungs after a maximal forced
expiration.

The volume of air remaining in the
lungs after a normal tidal expiration
(ERV + RV).

The maximum volume of air that
can be inspired from the resting
expiratory level (V1 + IRV).

The maximum volume of air that
can be expired after a maximal
inspiration (V1 + IRV + ERV).

The total volume of air contained in
the lungs at the end of a maximal
inspiration (VC + RV).
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Patient takes a deep breath
and blows as hard as possible
into tube

. Technician monitors
Clip
and encourages

n = &= :
on nose ) @ patient during test
\ /\_’\
- ” ‘Y-_//‘. P,

SPIROMETRY

Machine records
the results of the
spirometry test



PRECAUTIONS .. PREPARATION .. EXECUTION

Precautions

= No smoking within 2 hours of the test
= No vigorous exercising
= Do not eat a heavy meal before the test

= Do not take a short-acting bronchodilator
within 4 to 6 hours

= Do not take a long-acting inhaled
bronchodilator within 12 hours

= Do not wear restrictive clothing during the
test

Preparation

Record the patients name, age, gender ,
ethnicity, smoking history, weight and
height on the spirometer

Make sure the patient is sitting upright,
feet flat on the floor (legs not crossed

Give clear instructions about the test
procedure

Teach the patient how to make a good
seal with the mouthpiece

Apply a nose clip

Execution

Give the patient the following instructions:
= Take a few normal breaths
= Take the deepest breath you can take

= Exhale the air as strong and as fast as
possible (continue for approximately 6
seconds)

= Then take a deep breath back in

Repeat the process three times; give the
patient a chance to rest between trials

The highest value among three close test
results is used as the final result.
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Height 73 Weght(ib): 277 . 80 Gender. Maie
Date: (grwm Race Oo)uoasun sg;ﬂom GMC
Ret e Mo font _Fout Post -
SPIROMETRY e SR Mo % et %Che |
Liters S04 219 43
Liters a4 1M o]
s :hoc % z a: % Parameter Definition
FEFSOW  LUsec 402 o4 ®
FEFIS% LUsec 187 02 14
[Per] Usec 033 (409) l“) FvVC The total volume of air that can be forcibly exhaled from
Umin 150 “2 @® the lungs after taking the deepest breath possible.
MVV Langth 12
FEVI The volume of air exhaled during the first second of the
FVC maneuver.
“Normal” is FEVI/FVC The fraction of the total air capacity that can be exhaled
re;:)a:::: ::ea o generally in one second.
o considered
of that predicted within ~80 PEFR The maximum speed of expiration, reflecting large airway
(% Ref) 120% predicted patency and expiratory muscle strength.
FEF The flow rate of expired air at a specific cutoff point of

FEF 25-75%

MVV

the total FVC, for example, FEF 25% is the flow rate at
the moment where 25% of the FVC is expired.

The average flow rate during the middle half of the FVC
maneuver; often used as an indicator of small airway
function.

The maximum volume of air that can be breathed in and
out in one minute (usually measured over |2 seconds and
extrapolated), reflecting the overall endurance of the
respiratory system.
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LET’S PUFF

AGAIN

BUT THISTIME ..IN A BOX
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HOW DOES THE REPORT

S FULL STANDARD PFT

APPROACH TO
INTERPRETATION




Confirm Patient’s Demographic Data

* Age, Sex, Ethnicity, Height

Is the Test of Adequate Quality?

* Acceptability: Free from artifacts, Free from leaks, Good start,
Good effort; appreciated by:
* Rapid increase in airflow at the start of exhalation on Flow-
Volume curve
* Exhalation continued for ~6 seconds on Volume-Time
curve
* Reproducibility: 3 acceptable maneuvers in which the difference
between the two largest FVC measurements and between the two
largest FEV| measurements is within 200 ml

Flow-Volume Loop Interpretation

A Normal B

Obstructive c Restrictive
Disease

Disease
Flow Flow Flow

(Usec) Expiratory (Y59 (Usec)
Flow
mne e

Inspiratory
Flow

Extrathoracic E
airflow

%

e

|
|

vc

Fixed airflow
obstruction
Flow

Flow obstruction
Wseq l/\ Wse)

v/

Height(in): 73  Weght(ib). 277 Aoei Gender. Maie
Date: 051900 Race: Caucasian  Physician GMC
P TRY et Pre P Poss
| SPIROME Meas % Ref Meas % Rof
Liters 504 219 43 255 L
u-u 404 100 [ = | 118 2
e a5
NOTE I: A reduction i FEF25-75% % UI“ 402 049 12 058 4
of less than 60% of thatjpredicted Lisec 4602 (0.41) (8) 05 9
confirms airway obstrugtion Lsec 187 0.27) (4 025 3
NOTE II: PEF decreased with 95 Usec 033 08 M i Q
obstructive diseases anq shows
great diurnal variation MVY Umn 150 “a @8
MVV Langth 12
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Raw  cmiM2OMisec 3865 12 84
RVTC % (81) k14
DIFFUSING CAPACITY Pre  Rel P
o_ L CO) LA mmig {125 308 %
VA Liters 819
ODLCOVA YiminimenMg 203 am 53
Flow
2
"
Vohane
1
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Is the FEV,/FVC ratio® less than the lower limit of normal? |- Is there an obstruction?

]

Mo Yes
I
.. , 2- How severe is the
Restrictive or normal pattern Obstructive pattern
| obstruction?
Is the FVC less than the lower limit of normal? Quantitate the obstruction using the FEV, .
| as a percentage of predicted value FEV, com;;aretiljto’ﬁrt_ed;'(t:ted for
| age/gender/heig
No Yes Is the FVC less than the lower limit of normal? GOLD Stage | FEV, 2 80%
|
Y l | ' GOLD Stage Il 50% < FEV, < 80%
Nomal spirometry study Restrictive pattern Mg, Yes GOLD Stage III 30% < FEV, < 50%
l , v GOLD Stage IV FEV, < 30%
Is the total lung Pure abstruction Is the total lung
capacity known? capacity known?
|
| | 3- Is there response to
Yes No Yes . q ?
| | bronchodilation!?
Is the total lung capacity Quantitate the restriction Possible mixed obstruction Is the total lung capacity 4 puffs of albuterol via spacer
less than the lower limit  using the FVC as a per and restriction or pure less than the lower limit METHACHOLINE CHALLENGE TEST
of normal? centage of predicted value  abstruction with pseudo- of normal?
1 '—J' B " Methacholine: a direct stimulant that acts directly on acetylcholine
restriction Spirometry 15 minutes ~"| Spirometry receptors on smooth muscle, causing contraction and airway narrowing
| [ | = This test might be performed when the test results are normal, but the
history strongly suggests the presence of asthma . <
m Nﬂ Hﬂ YEE‘ f Improvement in FEV1 or FVC by 12% and 200cc| "Dose used between 4 and 16 mg per mL.
l l + Normalization of spirometry after bronchodilator supports =During the test progressively larger doses of inhaled methacholine
Y | the diagnosis of asthma are given by a nebulizer. The test stops once the FEV1 drops by 20%
Quantitate the Normal test Pure Mixed e R reached with o chamae inFET T 0% of methacholine f
restriction using the obstruction obstruction . ¢ '
total lung capacity with pseudo- and restriction
as a percentage of restriction _ 3 3
redited valie 4- Full PFT interpretation
*FEVy = forced expiratory volume in 1 second, FVC = forced vital capacity 5_ Supplemental (DLCO
9y

.|
FIGURE 3. Flow chart for rapid interpretation of pulmeonary function tests

bronchoprovocation)



FEV./VC

Yes
Y

|_\/Ta LLN|—

= LLN

Yes ‘
|TLC = LLN
No Yes
A J Y e
Normal [Restriction| |Obstructio
|Dico 2 LLN| [Dico 2 LLN]

Yes/\No

YeS/\No

Normal PV
disorders

disorders

CW and ILD
NM

Emphysema

[Emphysemal

Pneumonitis

Parameter

Primary
Defect

FEV./FVC
TLC

RV

DLCO

Obstructive Pattern

Increased airway
resistance (Air can't get
out)

Decreased (< LLN / 0.70)
Normal or Increased

Increased (Air trapping)

Decreased or Normal

Restrictive Pattern
Decreased lung/wall
compliance (Air can't get in)
Normal to Increased
Decreased (< 80% pred)

Decreased (Parenchymal)
or Increased (Bellows)

Decreased or Normal

Pulmonary Vascular

Impaired gas exchange
(Blood can't pick up O5)

Normal
Normal

Normal

Decreased (Isolated)



INTERPRETATION PRACTICE
CHALLENGE THE PULMONOLOGIST INSIDEYOU ©



] PRED BEST %PRED BEST %PRED %Chg ,INTERPRETATION.
Splrometry Values in Parentheses or isks are outside the normalrange (I,-t,:j.\:lﬁi\giizz::els 33% [<70%], so this patient has an
FVC Liters 3.88 (58) | 319 82 A% | 2- FEV is 25%, so the obstruction severity is GOLD stage
FEV1 Liters 2.95 0.73) | (25) (37) v
FEV1/FVC % 77 L3 (34) 3- Post vs. Pre, bronchodilator response, FVC,; 3.19-
FEE?S Sl t=as S el R % on 25| Chamge s 425 [ 124) resls are sgnficar, s0 Obtrucior
FEF25%  Lisec 0.53 0.80 50 change [s 42 ’ *
FEF50% L/sec 0.32 0.39 23 4- FVC is 58%, so maybe restrictive, needs TLC to decide
FEF75% L/sec 0.19 0.24 28 5- TLC is 136%, no restriction
PEF L/sec 3.22 3.10 -4 6- DL is 22%, suggestive of alveolar pathology (e.g.,
FEF/FIF50 0.10 0.14 43 emphysema) and/or pulmonary vascular disease
Lung V0|umes \COMMENT: Patient has an obstructive lung disease. /
VC Liters 3.88 (2.70) _(70) Flow FLOW / VOLUME
TLC Liters 6.43 (8.74) (136) ) 81 (Pre—Ryx—)
RV Liters 2.44 (6.04) (247) VOLUME/TIME  (Pre-Rx_) | { Post—Rx )
RV/TLC % 38 (69) Volume (Post—-RX_) 6+
FRCPL  Liters 3.44 (7.51) (219) 8 I
FRC N2  Liters 3.44 + al
ERV Liters 1.28 1.63 127 6 )
Diffusion |
DLCO mL/mmHg/min  27.3 (6.1) | i22i| \
DL Adj mL/mmHg/min  27.3 6.1) (22)
DLCO/NA mL/mHg/min/L  4.43 (1.34) (30)
DL/VA Adj mL/mHg/min/L 1.34
6L
-1 0 3




Age: 73 Race: African-American Temp: 19 PBar: 631 FIN: 1030500541
Height(in): 76 192 cm Physician: ROBERTSON MD
Weight(lb): 158 71.8 kg Technician: DANELE ADAMS RRT
(BTPS) PRE-RX POST-RX
. PRED BEST %PRED BEST %PRED % Chg
Splrometry Values in Parentheses or Asterisks are outside the normal range

FVC Liters 5.30 3.05 (58) (3.08) (58) 1

FEV1 Liters 3.97 1.65 (42) (1.61) (40) -3

FEV1/FVC % 74 54 (52)

FEF25-75%L/sec 3.26 (0.74)  (23) (0.62) (19) -16

FEF25% L/sec 217 1.79 -18

FEF50% L/sec 0.92 0.78 -15
— FEF75% Li/sec 0.32 0.29 -9
— PEF L/sec 9.31 (6.59) (71) (5.08) (55) -23
e — FEF/FIF50 0.19 0.38 99
— PIF L/sec 5.07 2,22 -56

Lung Volumes

VC Liters 5.30 (3.19) E%

TG Liters 8.17 (5.95) |

RV Liters 2.83 2.76 97

RVITLC % 37 (46)

FRCPL Liters 443 502 113

FRC N2 Liters 443

ERV Liters 1.75 200 114

Diffusion

DLCO mL/mmHg/min 374 (7.8) (21)

DL Adj mL/mmHg/min 374 (7.1) (19

DLCO/VA mbL/mHg/min/L 4.58 (2.20) (48)

DL/VA Adj mL/mHg/min/L 3.78 2.01 53

INTERPRETATION:
I- FEVI/FVC ratio is 54% [<70%], so this patient has an

obstructive disease

2- FEV1 is 42%, so the obstruction severity is GOLD stage
]l

3- Post vs. Pre, bronchodilator response, FVC,, 3.08-
FVC,,. 3.05= 0.03 (30 mL improvement [<200]) and %
change is 1% [<12%]; results are insignificant, so obstruction
is irreversible

4- FVC is 58%, so maybe restrictive, needs TLC to decide
5- TLC is 73%, so the patient has a restrictive disease

6- DL is 21%, suggestive of alveolar pathology (e.g.,
emphysema or fibrosis) and/or pulmonary vascular disease

COMMENT: Patient has a mixed obstructive AND
restrictive lung diseases.




I .
ID#: 1218299

Sex: Male
Age: 56
Height(in)

. 67
Weight(lb): 118

Race: Black

169 cm

Temp:

22

53.6 kg
(BTPS) PRE-RX
. PRED BEST %PRED
Splrometry Values in Parentheses or Asterisks are outsj
FVC Liters 3.96 (2.21) 56
FEV1 Liters 3.16 1.86 (59)
FEVI/FVC % 80
FEF25-75% L/sec 3.45 ; 65
FEF25% L/sec 7.11
FEF50% L/sec 3.11
FEF75% L/sec 0.82
PEF L/sec 8.73 775 89
FEF/FIF50 0.68
Lung Volumes

VC Liters 4.29 (2.26) D3
TLC Liters 6.28 (3.71) @
RV Liters 1.97 1.45 4
RV/TLC % 31 39
FRC PL Liters 3.19 2.76 86
FRC N2 Liters 3.19
ERV Liters 142 1.20 85

Room: Out-Pt
PBar: 641 FIN: 1029728145
Physician: GOEL
Technician: KIMBERLEY RAY RT

POST-RX

BEST %PRED

rmal range

(2.16)
(1.82)
84
2.18
7.09
3.65
0.72
8.60
0.69

98

% Chg

-2
-2

-0
17
-13
1

INTERPRETATION:

I- FEVI/FVC ratio is 84% [>70%)], so this patient doesn’t
have an obstructive disease

2- FVC is 56%, so maybe restrictive, needs TLC to decide
3- TLC is 59%, so the patient has a restrictive disease

4- DL¢o is not provided

further testing to determine specific pathology.

\_

R

COMMENT: Patient has a restrictive lung disease, needs

/




THANK YOU

DR.ABDULLAH AL-JAOUNI, MD
DEC 2025
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