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PFTS: DIGGING THROUGH THE 
INTERPRETATION WEEDS

Rena Laliberte BS, RRT, CPFT –
Clinical Education Specialist 

Henry Ford Hospital Detroit, 
Michigan 

OBJECTIVES

Examine various lung function tests (As of 2005 ATS Criteria)

Discuss interpretation strategies (Spirometry and DLCO) 

Review ATS test criteria NEW 2019 UPDATES 
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THE TESTS – VITAL CAPACITY 

Vital capacity is the volume of gas measured from a slow complete expiration after a 
maximal inspiration without forced or rapid effort. 

Vital capacity is also called slow vital capacity to distinguish it from the forced vital 
capacity. 

Inspiratory capacity and expiratory reserve volume are portions of the vital capacity

Inspiratory capacity is the largest volume of gas that can be inspired from from the 
resting expiratory level

VITAL CAPACITY

Inspiratory capacity is further divided into the tidal volume and inspiratory reserve 
volume

Expiratory reserve volume is the largest volume of gas that can be expired from the 
resting end-expiratory level. 

The ATS describes this as the volume change between TLC and RV
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VITAL CAPACITY 

VITAL CAPACITY – THE TECHNIQUE

Vital capacity is having the patient tidal breath and then inspire maximally and 
expire maximally – vital capacity can also be measured from a maximal expiration 
to a maximal inspiration.  

The spirometer does not need to produce a graphic display if only the VC is to be 
measured – if the subdivisions of vital capacity are desired recording of the volume 
change is required
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VITAL CAPACITY CRITERIA FOR ACCEPTABILITY 

1. End expiratory volume varies by less than 100 mL for the three preceding breaths.

2. Volume plateau observed at maximal inspiration and expiration

3. Two acceptable maneuvers should be obtained; volumes within 200 mL 

4. VC should be withing 200 mL of FVC (if part of more complete testing)

STRATEGIES FOR INTERPRETATION

1. Was the test performed acceptably and is it reproducible ?

2. Are the reference values correct? Age, Sex, Height, *Race

3. Is the vital capacity less than predicted? If so to what extent? Is it less than the 
lower limits of normal?

4. How does the VC relate to the clinical question being answered? Is the VC 
correlated to the history and physical findings? 

5. Are additional tests indicated? Lung volumes? FVC? Respiratory muscle strength? 
(MIP/MEP-NIF)
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FORCED VITAL CAPACITY 

FVC is the maximal amount of gas that can be expired when the patient exhales as 
forcefully and rapidly as possible after a maximal inspiration.

A similar maneuver beginning at maximal expiration and inspiring as forcefully as 
possible is called a Forced Inspiratory Vital Capacity or FIVC

The FVC and the FIVC are often performed in sequence to provide a continuous flow 
volume loop 

FVC- FORCED VITAL CAPACITY, FORCED EXPIRATORY 
VOLUME AND FORCED EXPIRATORY FLOW

FORCED EXPIRATORY VOLUME IS THE VOLUME OF GAS EXPIRED OVER A GIVEN 
TIME PERIOD

THE TIME INTERVAL IS STATED AS THE SUBSCRIPT IN THE FEV – THE FEV1 IS THE 
MOST WIDELY USED. 

THE MOST COMMONLY USED RATIO (FEV/FVC) IS THE FEV1/FVC
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FORCED VITAL CAPACITY

FVC THE TECHNIQUE 

Have the patient take a few tidal breaths, then instruct them to inspire maximally and 
as quickly as possible then expire as forcefully and rapidly as possible – there should 
be no pause between the maximal inspiration and forced expiration

This technique is for FEV over time plot – which differs from a flow volume loop.

11

12



5/6/2024

7

ATS CRITERIA FOR ACCEPTABILITY (FVC 
MANEUVER)

Maximal effort: no cough or glottic closure during the first second; no leaks or 
obstruction of the mouthpiece

Good start of test; back-extrapolated volume less than 5% of FVC or 150mL

Tracing shows 6 seconds of exhalation or an obvious plateau; no early termination or 
cut off; or patient cannot continue or should not continue to exhale

Three acceptable efforts should be obtained; two largest FVC values within 200mL ; 
two largest FEV1 values within 200mL 

3 ACCEPTABLE FVC EFFORTS 

13

14



5/6/2024

8

FLOW VOLUME LOOPS (CURVES) 

The Flow Volume Loops generated during an FVC maneuver graphs flow against 
volume changes

The maximal expiratory flow volume (MEFV) loop shows the patient as they exhale 
from maximal inspiration (TLC) to maximal expiration (RV) 

The maximal inspiratory flow (MIFV) displays inspiratory flow plotted from RV to TLC 

When MEFV and MIFV curves are plotted together- the result is the flow volume loop. 

FLOW-VOLUME LOOP 
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FLOW VOLUME LOOP THE TECHNIQUE

The patient patient performs 3-4 tidal breaths then inspires quickly and as fully as 
possible. They must exhale as rapidly as possible after maximal inspiration for at 
least 6-8 seconds or until a visible plateau is reached. The patient must then inspire 
as rapidly as possible back to maximal inspiration from maximal expiration to “close 
the loop” 

ATS ACCEPTABILITY CRITERIA FOR THE FLOW 
VOLUME LOOP 

Rapid rise from maximal inspiration to PEF

Maximal effort until flow returns to zero baseline; no glottic closure or abrupt end of 
flow

Maximal inspiratory effort with return of volume to point of maximal inspiration 
(failure to close loop indicates that effort was not started from maximal inspiration, 
inspiratory effort was submaximal, or spirometer error) 

At least three acceptable loops recorded, superimposed or side by side loops should 
be reproducible, unless bronchospasm occurs (no more than 8 attempts should be 
made) 
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INTERPRETIVE STRATEGIES FVC MANEUVER 

INTERPRETIVE STRATEGIES –FVC MANEUVER 

1. Were there at least 3 acceptable efforts performed? Are the FVC and FEV1 
reproducible with 150mL (2019 update) 

2. Are reference values appropriate? Age? Sex? Height? Race?

3. Is FEV1% less than predicted? If so, obstruction is present

A. is FVC also reduced? If so, is it caused by obstruction or restriction?

B. If FVC is less than 80% lung volumes may be indicated

C. Is the obstruction reversible? Bronchodilators may be indicated
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INTERPRETATIVE STRATEGIES – FVC MANEUVER 

4. Is the FEV1% equal to or greater than expected?

A. Are FVC and FEV1 both reduced proportionately? If so, restriction may be 
present; lung volumes may be indicated. 

B. Are FVC and FEV1 within normal limits? If so spirometry is likely normal.

5. IS FEF25-75% LESS THAN 65% OF PREDICTED? IS FEV1% OR FEV1 BORDERLINE 
NORMAL? IF SO, AIRWAY OBSTRUCTION MAY BE PRESENT

6. ARE THE SPIROMETRY FINDINGS CONSISTENT WITH THE PATIENT HISTORY AND     
PHYSICAL FINDINGS? IS BRONCHIAL PROVACATION TESTING INDICATED TO REVEAL 
OBSTRUCTION? IS EXERCISE TESTING INDICATED TO REVEAL OBSTRUCTION? 

DLCO- DIFFUSING CAPACITY FOR CARBON 
MONOXIDE

Diffusing Capacity is measured (in the lungs) by using small volumes of carbon 
monoxide and is referred to as DLco.

DLco is used to assess the gas exchange ability of the lungs, specifically oxygenation 
of mixed venous blood. 

There are a number of different methods that are used, but by far the most common 
method is the single breath technique. 

Carbon Monoxide combines with Hb approximately 210X more readily than oxygen. 

In the presence of normal amount of Hb and normal ventilatory function, the primary 
limiting factor is the status of the alveolocapillary membrane
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DLCO – SINGLE BREATH

ATS ACCEPTABILITY CRITERIA FOR DLCO 

Volume time tracing should show a smooth, rapid inspiration from RV to TLC.

Inspiration should be rapid but not forced; less than 2.5 seconds in healthy subjects and less 
than 4 seconds in patients with a known obstruction

Dead space washout should be 0.75-1.00L (0.5L if the VC is less than 2.0L) If continuous 
analysis of expired gas is used visual inspection of dead space washout should be made.

Alveolar volume should be 0.5- 1.0L unless continuous analysis is used. 

The Vi should be at least 90% of the previously recorded best VC.

Breath hold time should be within 9 to 11 seconds, using Jones Method (single breath)

The average of two or more acceptable tests should be reported. Duplicate determinations 
should be within 10% of 3ml CO/min/mmHg. 
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DLCO-SINGLE BREATH- THE TECHNIQUE

The patient is instructed to place their mouth on the mouth piece in which there is a 
demand valve for the CO

The patient tidal breaths until stabilization is detected, then the patient is asked to 
exhale to RV or plateau (not with force)

At RV the patient is instructed to inspire rapidly to TLC (from RV) and hold their 
breath for at least 10 seconds.

At the end of the breath hold time the patient should then exhale normally and 
remove mouth from mouthpiece when instructed-

There is a 4 minute time interval between each effort, which allows for washout. 

INTERPRETIVE STRATEGIES- DLCO- SINGLE 
BREATH

1. WERE THE TEST MANUEVERS PERFORMED ACCEPTABLY? WHERE THE TESTS 
REPRODUCIBLE WITHIN 10% OR 3ML CO/MIN/MMHG OF THE MEAN? 

2. WERE ALL THE APPROPRIATE CORRECTIONS MADE? HB? COHB? ALTITUDE? 

3. ARE REFERENCE VALUES APPROPRIATE? AGE? SEX? HEIGHT? WEIGHT? 

4. IS THE DLCO LESS THAN THE LOWER LIMITS OF NORMAL? IF NOT EXPLAINED BY 
ABNORMAL HB OR COHB, CHECK DL/VA (SPECIFIC DIFFUSION PER UNIT OF LUNG 
VOLUME)

5. IS THE DL/VA RATIO WITHIN NORMAL LIMITS? IF SO, SUSPECT REDUCED 
DIFFUSING CAPACITY RELATED TO DECREASED LUNG VOLUMES OR PARENCHYMAL 
CHANGES- CONSIDER CLINICAL CORRELATION
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INTERPRETITIVE STRATEGIES-DLCO-SINGLE 
BREATH

6. IS THE DL/VA RATION REDUCED? IF SO, SUSPECT REDUCED DIFFUSING CAPACTIY 
RELATED TO OBSTRUCTION OF INCREASED DEAD SPACE. LOOK FOR CLINICAL 
CORRELATION 

7. IS DLCO INCREASED? IF NOT EXPLAINED BY ABNORMAL HB, CONSIDER 
INCREASED PULMONARY BLOOD VOLUME OR HEMORRHAGE. LOOK FOR CLINICAL 
CORRELATION

8. IS THE DLCO LESS THAN 50% OF PREDICATED? IF SO, CONSIDER ADDITIONAL 
TESTS (BLOOD GASES, EXERCISE DESATURATION STUDY.) 

2019 UPDATE ATS/ERS 
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ATS/ERS STANDARDIZATION OF SPIROMETRY 
2019 UPDATE

Background: 

The ATS and ERS jointly adopted technical standards for conducting spirometry. 
Improvements is instrumentation and computational capabilities, together with new 
research studies, enhanced quality assurance approaches led for a need to update 
the 2005 technical standards for spirometry to take full advantage of current 
technical capabilities. 

KEY UPDATES !

New list of Relative Contraindications

Spirometers are required to meet International Organization Standardization (ISO) 
26782 standards but with a max. permissible accuracy error of + 2.5%

Device quality assurance procedures were updated

*Operator training as well as attainment and maintenance of competency were 
addressed

*The list of activities the patient should avoid before testing was updated

*There is a focus of the use of devices that measure both expiration and inspiration

*Maneuver acceptability and repeatability criteria were updated. The end of forced 
expiration (EOFE) was redefined
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KEY UPDATES!

Requirements for spirometer systems to provide uniform cues and feedback to the 
operator were added

New withholding times for bronchodilators before bronchodilator responsiveness 
testing were developed

A new grading system for assessment of spirometry quality was developed

*Standardized operator feedback options that promote synoptic reporting were 
developed

Preliminary findings derived from an international patient survey were presented

KEY UPDATES- OPERATOR DETAILS

Ruppel and Enright observed, “There are three key elements to obtain high quality 
pulmonary function data: accurate and precise instrumentation, a patient capable of 
performing acceptable and repeatable measurements, and a motivated technologist 
to elicit maximum performance from the patient.

Training courses for conducting quality spirometry testing are available in many 
countries, which has led operators to follow ATS/ERS standards, but the 
recommendation is for short term and follow-up supplementary training to maintain 
quality- and should be integrated in offices performing spirometry testing
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KEY UPDATES: PATIENT ACTIVITIES

Smoking and/or vaping and/or water pipe use within 1h before testing

Consuming intoxicants within 8 hours before testing

Performing vigorous exercise within 1h before testing

Wearing clothing that substantially restricts full chest and abdominal expansion

KEY UPDATES: DEVICES THAT MEASURE BOTH 
INSPIRATION AND EXPIRATION

Most variability in results obtained from spirometry relates to inadequate and 
variable inspiration to TLC, ending the expiration prematurely and variable effort.

The operator must demonstrate the appropriate technique and follow the procedures 
described in Table 6-

(next slide) 
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KEY UPDATES – TABLE 6

KEY UPDATES- ACCEPTABILITY, USABILITY, AND 
REPEATABILITY CRITERIA FOR FEV1 AND FVC
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KEY UPDATES – OPERATOR FEEDBACK 

The spirometry software must provide explicit feedback to the operator indicating 
FEV1 and FVC acceptability at the completion of each maneuver

Sample warning messages and suggested corrections are provided (in Section E8 of 
document) 

The operator must have the ability to override the acceptability designation, because 
the operator may note a leak, a cough, inadequate inspiration or expiration or a 
faulty zero-flow that was not detected by the software

Records of all maneuvers with FEV1 and/or FVC that are acceptable or usable must 
be retained because, for some patients, their best performance may yield only 
usable data that does not meet acceptability criteria. Examples of acceptable and 
unacceptable volume time curves are provided. (in the document) 

2023 ATS/ERS GLOBAL INITIATIVE ON ETHNICITY 
AND RACE IN PULMONARY FUNCTION

The Global Lung Function Initiative (GLI) average equation, published as GLI Global, is a recommended race-neutral 
average reference equation. There are important limitations and considerations to an implementation of  GLI Global 
that we expect ongoing research to address:

GLI Global represents a weighted average of  the data included in the original GLI ethnicity-specific equations. The 
self-identified, or researcher-allocated, racial or ethnic group was used to inform the sample weights, and many of  
the world’s populations are still not included in this equation. Therefore, the GLI Global equation is a race 
composite and not truly race agnostic. “Race neutral” refers to the equations not requiring the selection of  race for 
application.

As in the construction of  other reference equations, the participants contributing data to GLI Global have a variety 
of  exposures throughout life, despite meeting a limited definition of  healthy. Therefore, GLI Global is not immune 
from norming the effects of  modifiable risk factors for reduced pulmonary function.
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CONCLUSION

Performance of acceptable and reproducible pulmonary diagnostic testing is critical 
in the diagnosis and treatment of pulmonary disease

A trained respiratory therapist plays a key role in not only engaging with and 
coaching the patient, but in the evaluation and performance of all forms of 
pulmonary function testing. 

As technology changes and additional research is performed, we can anticipate 
additional changes and updates regarding testing and interpretation criteria for our 
diagnostic labs. 
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QUESTIONS?
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