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Objectives

ÅReview the principles of the DLCO test

ÅReview the 2017 DLCO Standards

ÅReview physiologic factors that affect DLCO
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Factors affecting gas exchange

ÅHb  (anemiaĎor polycythemiač)

ÅIncreasečor decreaseĎ in blood flow (exerciseč, positiončĎ)

ÅDecreased alveolar volumeĎ (restrictive or neuromuscular)

ÅVentilation-perfusion mismatchĎ (embolism)

ÅPulmonary edemaĎ

ÅStatic blood in lung [čDLCO]

ÅPulmonary capillary bed disordersĎ

ÅBarometric pressureĎ [čDLCO]
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How to measure gas exchange

flow = driving pressure / resistance

driving pressure = alveolar ςpulmonary capillary partial 
pressure of the gas

For oxygen, the pulmonary capillary partial pressure 
over the course of a vital capacity inspiration and 10 s 
breath hold is very difficult to estimate.

DLCO is used as a proxy for DLO2
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Why use CO to measure gas exchange?

ÅThe affinity of CO for Hb is about 230 times the affinity of O2

for Hb

ÅCO molecules that cross into the pulmonary capillaries are 
quickly and tightly bound to Hb so that the pulmonary 
capillary partial pressure of CO is assumed to be zero

ÅIf the pulmonary capillary partial pressure of CO is not zero, 
we can measure it and compensate for it                             
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Why use CO to measure gas exchange?

flow = driving pressure / resistance

conductance = 1 / resistance

DLCO = conductance = flow / driving pressure

flow  = decrease in alveolar volume of CO / time

driving pressure = alveolar partial pressure of CO

= alveolar CO concentration x barometric pressure

Volume of CO = alveolar concentration of CO x alveolar volume

Alveolar CO concentration decays exponentially during breath-hold
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Pre-Manoeuvre Considerations  

ÅMonitor tracer gas and CO during exhalation

ÅCheck washout from previous test (< 2% tracer gas) & use the 

pre-inspiratory tracer gas concentration in  calculating VA

ÅUse exhaled CO concentration to adjust for CO back pressure

ÅAdjust for residual effects of H2O and CO2 if necessary

ÅOptionally use exhaled CO to estimate COHb

ÅExhale to RV for up to 12 s prior to inhaling test gas
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Factors affecting DLCO ςprocedural

ÅBreath hold time

ÅInspired and expired flow rates

ÅInspired O2 concentration

ÅBarometric pressure 

ÅCOHb(back pressure and anemia effects)

ÅValsalva or Müller manoeuvre
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Gas analyser linearity check

ÅIn the absence of a DLCO simulator and high-precision test 
gases, system checks can be done using a 3 litre calibrating 
syringe in ATP mode. 

ÅIF ATP mode is not available, the check can be done in the 
regular patient mode, but conversions to ATP and 
consideration of dead space is required.
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ÅConnect the 3-litre syringe to the 

ÅSimulate tidal breathing with the syringe with an FRC of 
about 1.5 L (may not be necessary in some systems)

ÅWhen prompted to exhale, empty the syringe to 
approximately 1 L

ÅFill the syringe with test gas (approximately 2L)

ÅFollowing a breath hold, empty the syringe

Gas analyser linearity check
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Gas analyser linearity check

ÅMixing of gas in the syringe will be incomplete, even after a 
10 s breath hold

ÅGas mixing in the syringe can be improved by using low flow 
rates and extending the breath hold time. The effects of 
incomplete mixing in the syringe can be minimised by using a 
larger sample volume. 
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Gas analyser linearity check

ÅThe calculation of VAATPHmust be within 300 mL of 3 L with the 
syringe dead space being used for the anatomic dead space in 
the VA calculation.

ÅThe absolute value of DLCO must be < 0.5 mL/min/mmHg.

ÅIf the system does not have an ATP mode option:
- VA will be reported in BTPS and must be converted to ATPH
- the dead space used by the system to calculate VA must be

adjusted to the dead space of the syringe: (e.g. entering a 
άǇŀǘƛŜƴǘέ ǿŜƛƎƘǘ ƻŦ мс ƪƎ ǊŜǎǳƭǘǎ ƛƴ ŀ ор Ƴ[ ŘŜŀŘ ǎǇŀŎŜύ
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Acceptability of Manoeuvres

ÅVIҗ фл҈ ƻŦ ƭŀǊƎŜǎǘ ±/ ƛƴ ǘƘŜ ǎŀƳŜ ǘŜǎǘ session
OR

VIҗ ур҈ ƻŦ ƭŀǊƎŜǎǘ ±/ ƛƴ ǘƘŜ ǎŀƳŜ ǘŜǎǘ ǎŜǎǎƛƻƴ ANDVA

within 200 mL or 5% (whichever is greater) of largest VA from 
other acceptable manoeuvres

Å85% of test gas VI inhaled in <4 s
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Quality Control Grading for DLCOManoeuvres

Score VI/VC tBH Sample 

collection

A җфл҈Ϟ 8-12s Җ пǎ

B җур҈ 8-12s Җ пǎ

C җул҈ 8-12s Җ рǎ

D Җул҈ <8 or >12s Җ р ǎ

F Җул҈ <8 or >12s > 5s

Ϟhw ±Iκ±/ җ ур҈ ANDVA within 200 mL or 5% of  the largest VA

from another acceptable manoeuvres
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Quality Control Grading for DLCOManoeuvres
Score VI/VC tBH Sample 

collection

A җфл҈Ϟ 8-12s Җ пǎ

B җур҈ 8-12s Җ пǎ

C җул҈ 8-12s Җ рǎ

D җул% <8 or >12s Җ р ǎ

F

Ϟhw VIκ±/ җ ур҈ ANDVA within 200 mL or 5% of the largest VA
from another acceptable manoeuvres

Culver BH. Recommendations for a Standardized Pulmonary Function Report. 
An Official American Thoracic Society Technical Statement. Am J RespirCrit
Care Med 2017;196:1463-1472

Any test not meeting Grade A, B, C, or D
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Repeatability of Manoeuvres

ÅAt least 2 acceptable DLCO measurements 

within 2 mL/min/mmHg of each other

ÅThe desired outcome is to have 2 grade A manoeuvres

that are within 2 mL/min/mmHg of each other
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Adjust DLCO for barometric pressure

The adjustment for PB assumes a PIO2 of 150 mmHg (20 kPa) at 
standard pressure: 

DLCO[PBadjustedϐ Ғ 5[/h (0.505 + 0.00065 PB)

For DLCO reference values that do not provide PB data, the altitude of 
the centre in which the reference values were obtained can be used to 
estimate PB, using the following formula where h is the altitude above 
sea level in m:

ὖ ƳƳIƎ χφπρ ςȢςυυχχɇρπ ɇὬ Ȣ
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Adjust DLCO for hemoglobin

DLCO,predictedfor Hb= DLCO,predicted x 1.7·Hb                                                    
лΦт Iōref + Hb

DLCO decreases about 4.4% with a 10% reduction in Hb
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ƳŜƴ җ мрȅǊ ς146

NHANES III data from HollowellJG. Vital Health Stat 2005; 11: 1ς156

white males

white females

women and children ς134


