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Statements, Guidelines, and Standards

� Recommendations/Statements/Guidelines:
� “a general rule, principle, or piece of advice”
� Suggested “best practice”

� Standard:
� something considered by an authority as an approved model
� “Shall” versus “Should”

�ATS and ERS now publishes “standards” to 
reduce variability.



Definition of Calibration vs 
Quality Control

Calibration
Using a standard to 
calibrate an instrument.

Quality Control
a system for verifying
and maintaining a 
desired level of quality in 
an instrument.





Techniques to Measure Lung 
Volumes
�Body plethysmography
� Dilutional gas techniques

� Helium dilution (closed circuit)
� Nitrogen washout (open circuit)
� DLCO? (single breath)

� Imaging (x-ray e.g. planimetry) and CT
� MiniBox (Magic!!)

� In the supplement



Clinical Utility of Lung Volume Measurements

� Identification of restrictive patterns 
is based on TLC

� Diagnostic implications of 
hyperinflation 

� asthma = reversible hyperinflation  
� emphysema = irreversible hyperinflation



Mottram 12th Ed Manual of PFTs



Plethysmographs

Mayo Clinic PF Lab 1970’s



2023 ERS-ATS Standards 
Standardization of Lung Volumes

Measurement technique – Plethysmography TGV
� Close door and wait 30 secs -2 minutes for thermo-

equilibration 
� Quiet breathing until a stable end-expiratory level is 

achieved (cheeks supported)
� Close shutter at or near FRC

� Approx 2-3 seconds
� Gentle pants + 10 cmH2O
� 0.5 to 1 Hz (30-60 breaths per minute)

� > 1.5 Hz may lead to errors
� < 0.5 Hz may cause problems with the  controlled 

leak



2023 ERS-ATS LV TS
Thermo-equilibration



� Measurement technique – Cheek holding

2023 ERS-ATS Standards 
Standardization of Lung Volumes



2023 ERS-ATS Standards 
Standardization of Lung Volumes

Measurement technique –
Plethysmography (cont)

� 3-5 technically satisfactory panting 
maneuvers 

� Patient then performs an IC followed 
by a linked SVC 



Unlike 2005 there is no preferred or alternative methods, rather only one method!



2023 ERS-ATS LV TS: 
Pleth Acceptable and Usable



Unstable Tidal 
Breathing with variable 
FRC (usable)

Stable Tidal 
Breathing with 
consistent FRC 
(acceptable)

Plethysmography Technique: 
Evaluating Tidal Breathing



Plethysmography Technique: 
Evaluating Tidal Breathing

“Unusable”



Pant prior to 
shutter closure

Target: < 150 mls
switch-in error



2023 ERS-ATS Standards 
Standardization of Lung Volumes

Lung volume reporting 
Repeatability: Obtain > 3 FRCpleth values that agree within 

5% 

� Largest FRC – smallest FRC
mean FRC

� Reported TLC is the reported value for RV plus the 
largest of the technically acceptable IVC’s

� Results with repeatability exceeding 5% may still be of 
use.



2023 ERS-ATS LV TS: 
Pleth Grading scheme



Reference Values
� GLI Reference set

� 7100, ages 5-80



“Some battles you 
win and others you 

end up 
compromising”

“ended up” in the 
technical 

supplement 



2023 ERS-ATS LV TS
Airway resistance

� Raw may be sensitive to small and rapid changes,
� can play a part in recognition of response to a 

bronchodilator,
� as well as contribute to the diagnosis and 

differentiation of obstructive airways diseases.

� Characterize the non-specific pattern
� Reduced FVC and FEV1 with a normal TLC



�Reduction in FVC, FEV1
�Normal ratio
�Normal TLC

� Characterize using sRaw or sGaw

CHEST 2009; 135:419–424



2021 Interp. TS: “Addition of 
BDR or SVC to characterize the 
abnormality”
Add sRAW or sGaw



Ohm’s Law
� Airway Resistance is 

related to airflow  as 
illustrated by Ohm’s Law  
�R = P/F  where R is 
resistance, P is driving 
pressure and F is 
airflow.  

P1 P2

Flow

Ohm’s Law: Flow between two points is directly proportional to 
the potential difference (i.e. pressure change P1-P2) across the 
two points, and inversely proportional to the resistance.

>
Resistance

http://en.wikipedia.org/wiki/Proportionality_(mathematics)
http://en.wikipedia.org/wiki/Potential_difference
http://en.wikipedia.org/wiki/Electrical_resistance


Inspiratory Muscles contract Diaphragm 
contracts pulling downward

Flow occurs when Pressure differential 
(P1 > P2) can overcome Resistance

Flow

Resistance

P1 

P2

Pressure
Differential

Diaphragm



2023 ERS-ATS measurement 
technique – Airway resistance

� Open-shutter panting maneuver shows a 
relatively closed loop, particularly in the range 
of +0.5 to -0.5 L/s

� Pant rate of 1.5-2 per second (60-120) with a VT 
of 50 to 150 mL.

� TGV after open panting for sRaw and sGaw
� The median value of up to five technically 

acceptable loops should be taken. The aim 
should be to report the mean of the results 
from at least three acceptable manoeuvres. 



TGV and Raw together

� 2023 LV TS “with emphasis on 
the need to separate 
measurement of airway 
resistance from lung volumes”

� The panting frequency for the 
parameters are different 
� TGV = 0.5-1 Hz (30-60)
� Raw = 1.5-2.0 Hz (90-120)
� Separate TGV with Raw to 

calculate sGaw and sRaw



2021 ERS Abstract 



Raw/Gaw Normal values
� Reference values for airway resistance from body 

plethysmography. “ The availability of reference 
values for airway resistance parameters was limited 
to relatively small sample sizes” 2023 ERS-ATS TS

� Resistance normal values:
� 2.5 + 0.6 cm H2O/L/s for men and 3.0 + 0.6 cm H2O/L/s for 

women.
� sRaw - < 7H2O/L/sec

� Conductance normal values:
� 0.42 – 1.67/L/sec/cm
� sGaw – >0.15L/sec/cm



2023 ERS-ATS LV TS: 
Multiple Breath Washout (MBW)

“Nitrogen Washout”

� 100% oxygen to washout the 
nitrogen of the lung.
� “Open circuit technique”
� or an exogenous gas (e.g., 

sulfur hexafluoride) washed 
out using room air



Leak

2023 ERS-ATS Standards 
Standardization of Lung Volumes

Measurement technique – N2
� Use earplugs for perforated eardrum
� Quiet breathing for 30-60s to establish a 

baseline FRC
� Switch patient into 100% O2
� The patient is instructed to breathe regular 

tidal breaths without sighs, cough, or apnea. 
� The washout is complete when the end-tidal 

tracer gas concentration is below 1/40th of 
the starting concentration for at least three 
consecutive tidal breaths. 

� Once measurement of FRC is complete, the 
patient is instructed to perform a linked 
manoeuvre.

� N2 rise > 1% or sudden larger increase 
indicate leak



2023 ERS-ATS LV TS 
Standardization of Lung Volumes

Measurement technique – N2 Washout
� Optimally measure at least 2 technically satisfactory 

measurement
� A waiting period of at least twice the washout time is 

recommended between manoeuvres. Longer waiting 
periods may be required in patients with severe 
obstructive or bullous disease 

� If more than 1 trial is performed the FRCMBW should be the 
mean of technically acceptable results that agree within 
10%



2023 ERS-ATS LV TS
Helium Dilution

�Closed-circuit technique
�Helium gas 10% mixture
�CO2 and H2O absorber
�Oxygen source



2023 ERS-ATS Standards 
Standardization of Lung Volumes

He dilution
� Use earplugs for perforated eardrum
� Quiet breathing for 30-60s to 

establish a baseline FRC
� Turn in patient at the end of normal 

TV (FRC)
� The patient is instructed to breathe 

regular tidal breaths. 
� He equilibration complete when 

change is < 0.02% for 30 sec.
� A sudden drop in helium indicates a 

system leak and will result in an 
overestimation of FRC.

� A waiting period of at least twice the 
dilution time is recommended 
between manoeuvres.

Leak



2023 ERS-ATS LV TS
Standardization of Lung Volumes

Measurement technique
� Optimally measure at least 2 technically satisfactory 

measurements
� A waiting period of at least twice the washout time is 

recommended between manoeuvres. Longer waiting periods 
may be required in patients with severe obstructive or bullous 
disease 

� If more than 1 trial is performed the FRCHe should be the 
mean of technically acceptable results that agree within 10%

� Grading scheme for both MBW and He dilution



2023 ERS-ATS LV TS: 
MBW Acceptable and Usable



2023 ERS-ATS LV TS: 
He Dilution Acceptable and Usable



2023 ERS-ATS LV TS: 
MBW, He Dilution Grading scheme



Quality Control
Sources of Error 

�Equipment

�Testing personnel

�Subject 



Equipment - Plethysmograph



Environmental Effects

Room 
temperature Ventilation Door 

opening



2023 ERS-ATS Standards 
Standardization of Lung Volumes

Quality Control - Plethysmography
�Flow and volume meet criteria set in the 

spirometry standards
�Mouth pressure transducer is calibrated 

daily
�Plethysmograph signal should also be 

calibrated daily using a volume signal of 
similar magnitude and frequency used 
during testing



Plethysmography

� 50 ml pump 
calibrates delta 
pressure/volume

�Frequency response
�Leak check



ATS/ERS Standards 
Standardization of Lung Volumes
Quality Control -

Plethysmography
� A validation of accuracy 

using a known volume must
be performed monthly, when 
new software uploaded, or a 
problem is suspected. 

� This can be carried out using 
a “model” lung or container 
of known volume, ideally of 
two different sizes 

� Accuracy 50 ml or 3%



2023 ERS_ATS TS
“BIOLOGICAL CONTROL SUBJECTS”
� At least monthly, or whenever errors are 

suspected, two healthy non-smoking 
reference subjects (biological controls) 
should undergo body plethysmography.

� Two individuals minimum to avoid 
noncompliance during absences. 

� Establish mean, SD and CV
� 10 samples (5-6 minimum) 

� TLC and FRC CVs <5%
� ERV and AR CVs <10% (suggested)



2023 ERS-ATS Standards 
Standardization of Lung Volumes

Quality Control – N2 washout
� N2 analyzer should be zeroed prior to each test
� Initially and every 6 months confirm analyzer 

linearity
� At least monthly or whenever errors are suspect 2 

reference subjects (biologic controls) should be tested
TLC and FRC in Nitrogen Washout

BioQC Technologist #2
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Abnormal Study: Mild airway obstruction with a significant response to 
bronchodilator.  Lung volumes suggest hyperinflation. DLCO is within 
normal limits.  



2023 ERS-ATS Standards 
Standardization of Lung Volumes

Quality Control – He dilution
� Systems that can have gas filling volume checks should be 

checked for leaks at least once per month and after tubing or 
canister changes. 

� The stability of the helium analyzer should be confirmed weekly 
(it should not drift > 0.02% in 10 min)

� At least monthly or whenever errors are suspect 2 reference 
subjects (biologic controls) should be tested

 TLC and FRC in He Dilution
BioQC Technoligist # 2
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New Instrument Validation-Verification 
On-boarding Process



The College of Physicians and Surgeons of British
Columbia’s Diagnostic Accreditation Program (DAP)
is responsible for accrediting pulmonary function
(PF) laboratories across the province. DAP has
defined an onboarding process for new or repaired
equipment and significant software upgrades that
includes both mechanical and biological model
testing. The mechanical model testing includes
syringe linearity and DLCO testing along with
isothermal lung volume measurement. We want to
share the components of this program (figure 1) and
the BioQC comparison results to date.

Introduction

A Verification-Acceptability Process for Onboarding New PFT Systems 
in a Canadian Provincial Accreditation Program

Mottram CD, Ervin F, Rakhra N, McCaskill T.  College of Physicians and Surgeons of British 
Columbia Diagnostic Accreditation Program, Canada 

Results Discussion
An equipment onboarding process is well
defined in Laboratory Medicine (LM)
community, but not in PF labs. DAP’s model is
consistent with LM models, which assist a
laboratory in identifying bias or clinically
significant differences between testing
systems. The largest difference we
encountered in this limited data set was an
FRC difference (-26%, 0.920L). In total there
were 9 results that were above the target and
required an action by the PF laboratory
management team.
We wanted to share DAP’s model and initial
results to encourage other PF labs to adopt
this method of verification for PF testing
systems



Summary
� Requires linked-SVC maneuvers
� Separation of lung volumes from airway resistance

� Panting vs TV for Raw

� Requires mechanical and biological QC testing
� Onboarding verification process

� New acceptability and usability criteria with a 
grading scheme

� GLI reference 
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