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CO2

Bohr’s approach

Vp/VV1t= Paco,— Peco,

Paco,

Alveolar dead space

Enghoff’'s approach

Vp/V1= Paco,— Peco,

Paco,

& = aCoOp

PETCO,

Fowler

anatomic dead space

Tidal volume
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An expansion of Area Z can indicate
an increase in anatomical dead space
ventilation (VD_ ). Consider a reduction
of your artificial dead space volume.

Area Z

Anatomical dead space ¢

Expired CO,

A diminution of Area Z is seen when
artificial dead space volume is decreased
and when excessive PEEP is decreased.

Expired volume
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o IFH1E : 25-30%

o FJLHEMARER T : ARDS/E (VDaw/Vie = 60-80%)

A rising VD_ /Vte ratio can be a sign of
ARDS.

..............‘.

Expired CO,

In a normal lung, the VD_ /Vte
ratio is between 25% and 30%.

Airway dead space (VDaw)

In early ARDS, it is between 58% and
up to 83%.

Expired volume
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Increase

Alveolar dead space Is increased in cases
of lung emphysema, lung overdistension,
pulmonary embolism, pulmonary hyper-
tension, and cardiac output compromise.

Area Y :
Alveolar dead space v Petcoz

Expired CO,

Decrease

It the above mentioned conditions improve
due to successtul therapy, the alveolar
dead space decreases.

Expired volume
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T PaCoO,

venos blood Arterial blood

Both dead space and Shunt increase PaCO,— expCO, difference
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Phase IIDEZE : slopeCO2 (%cozn)

e Phase ll1—7 OF B DFZRDES

e 1IEK : COPD. ARDS%4 &

A steep slope can be seen, for example, Normal slope
in COPD and ARDS patients.

Jteep slope

Expired CO,

Expired volume
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CO2Fn= : V'CO2

e 1O THEH SN SCO2E : VeCO2 (M)

e 1PEDOEK[THEHEINSCO2= : V'CO2 (ml)
e« K&, fBIR. LB . ETHEETS

Decreasing V'CO,

Hypothermia, deep sedation, hypothyroidism,
paralysis, and brain death decrease CO, production
and induce a decrease in V'CO.,,.

Decreasing V'CO, can also be due to a decrease
in cardiac output or blood loss, and may also
suggest a change in blood flow to the lung areas.
Pulmonary embolism, for example, exhibits V'CO,
reduction and a slope reduction in Phase Il. Expired volume

Expired CO,




Increase in V'CO,
is usually due to bicarbonate infusion

or an increase in CO, production that
can be caused by:

Fever
Seps

SeizL

Insull

S
res

Hyperthyroidism
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CO2Fn= : V'CO2

Expired CO,

Area X

CO,elimination
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fnfga= - Valv
. \Valv =RR* Vtalv = RR* (Vte-VDaw)

Increase

An increase in V'alvis seen after an
efficient recruitment maneuver and
induces a transient increase in V'CO..

PetCO,
after recruitment

PetCO,
before recruitment
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Expired CO,

Decrease

A decrease in V'alv can indicate that

fewer alveoli are participating in the gas ,
exchange, for example, due to pulmonary ‘

edema. Expired volume

PacOz = 0.863 X (VCOz/ Va)

E(CPaCO2& LT DD ISEATKE (L/49)
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Alveolar tidal ventilation (Vtalv) : i fa 48 (&

Vtalv=Vt-VDaw

Alveolar minute ventilation (V' alv) : 43Kyl fa di & B

V' alv=f"Vtalv

Volume of CO: eliminated in one breath(VCO:2) : ~KE{k i F P&
VCO2=VeCO2-ViCO:

Fractional concentration of CO: in exhaled gas(FeCO:z) : ~{¢{bix FEiEHE
FeCO2=V CO2z/MinVol

Partial pressure of CO:z in exhaled gas(PeCO:): K {Lix FE0H
PeCO:=FeCO:*(Pb-PH:0)

Bohr dead space fraction(VDbohr/Vt) (Note: Vt in this formula needs
to be in ml STPD)

VDbohr/Vt=1-(VeCO:/(Vt'FeCO:) )

Physiological dead space fraction (VD/Vt) : 7 = 1 JERER
VD/Vt=1-((VeCO2/Vt)/(paCO2/Pb-PH:0) )



mmHg

Description

Unit?

Normal

5 2 _Fet':: 02

11 ;';'.. rore
8. 3 /103

vD_ ml 2.2 ml/kg IBW
slopeCO, %CO./I 31324 * Vt-1.535
V'CQ, ml/min 2.6 to 2.9 ml/min/kg
Fe'(CO2 % 5.1% 10 6.1%

V'alv [/min 0.052 to 0.070 I/min/kg
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Pe’cCO2 in COPD

The volumetric capnogram in COPD Normal PetCO,
patients shows a prolonged Phase Il, an
increase in PetCO,, and a continuously
ascending slope without plateau In
Phase lI.

Expired CO,

Expired volume

Phase IIZE. Phase IIDO{E= 7. PetCO2 1
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JEXEiE | [EXIMRERS

PetCO,
e’ ® during bronchospasm

A Phase |l shift to the left indicates oo PetCO,
. after therapy

reduced resistance. S -
o) o
o 0’
Phase Il slope shows a decrease in g R
steepness indicating better gas o
distribution and reduced alveolar 0
dead space (VD_ ). )

Expired volume
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ARDS

Normal PetCO,

Phase | is larger due to increased Ry ) ARDS
anatomical dead space caused by PEEP. S o

'g 'l
The slope of Phase Il is decreased due to % ‘.’
lung perfusion abnormalities. K

,l

The slope of Phase Ill is increased due .
to lung heterogeneity. )

Expired volume

Phase | . Phase IO{EZ= | . Phase HIDEE 1




CONTROL ALl

EEEIC KD EEDEN

Blanch.Eur Respir J 1999.



PULMONARY DEAD-SPACE FRACTION AS A RISK FACTOR FOR DEATH
IN THE ACUTE RESPIRATORY DISTRESS SYNDROME

THomAs J. NuckTtoN, M.D., JaAmMES A. ALoNsO, R.R.T., RicHARD H. KALLET, R.R.T., M.S., BrRiaAN M. DaNIEL, R.R.T.,
JEAN-FRANCOIS PITTET, M.D., MARK D. EisNer, M.D., M.P.H., AND MicHAEL A. MATTHAY, M.D.

N Engl ] Med, Vol. 346, No. 17 - April 25, 2002

TABLE 3. ODDS RATIOS FOR VARIABLES INDEPENDENTLY
ASSOCIATED WITH AN INCREASED RISK OF DEATH.*

VARIABLE Obpbps RATIO (95% CIl) P VALUE

Dead-space traction (per increase of 0.05)f  1.45 (1.15-1.83) 0.002
SAPS II (per 1-point increase) 1.06 (1.03-1.08) <0.001

Quasistatic respiratory compliance 1.06 (1.01-1.10) 0.01
(per decrease of 1 ml/cm of water)
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PULMONARY DEAD-SPACE FRACTION AS A RISK FACTOR FOR DEATH
IN THE ACUTE RESPIRATORY DISTRESS SYNDROME

THoMmAS J. NuckToN, M.D., JAMES A. ALoNsoO, R.R.T., RicHARD H. KaLLET, R.R.T., M.S., BRiIAN M. DANIEL, R.R.T.,
JEAN-FRANCOIS PITTET, M.D., MaRrk D. EisNEr, M.D., M.P.H., AND MicHAEL A. MATTHAY, M.D.

N Engl ] Med, Vol. 346, No. 17 -+ April 25, 2002
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Prognostic Value of the Pulmonary Dead-Space Fraction

During the Early and Intermediate Phases
of Acute Respiratory Distress Syndrome

Joan M Raurich MD PhD, Margalida Vilar MD, Asuncion Colomar MD, Jordi Ibanez MD PhD,
[gnacio Ayestaran MD, Jon Pérez-Barcena MD,
and Juan A Llompart-Pou MD

Odds o

Early phase Raiia 93% CI P
Dead-space fraction, per increase of 0.05 [.59 [.18-2.16  .003
Age, per l-year increase .06 [.02-1.10  .004
SOFA, per I-point increase .44 [.17-1.77  .001

Intermediate phase Odds Ratio 95% Cl P
Dead-space fraction, per 2.87 [.36-6.04 005

increase of 0.05
Age, per l-year increase [.09 [.O1-1.18 03
SOFA., per |-point increase 2.35 [.22-4.53 0l
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Prognostic Value of the Pulmonary Dead-Space Fraction
During the Early and Intermediate Phases
of Acute Respiratory Distress Syndrome

Joan M Raurich MD PhD, Margalida Vilar MD, Asuncion Colomar MD, Jordi Ibanez MD PhD.
[gnacio Ayestaran MD, Jon Pérez-Barcena MD.
and Juan A Llompart-Pou MD
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P.,CO, (mm Hg)

PEEP vs. JEHE
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Vp/VT

Pao./Fio, (mm Hg)

Dead Space Fraction Changes During PEEP Titration
Following Lung Recruitment in Patients With ARDS

GUO Fengmei PhD, CHEN Jin MD, LIU Songqiao MD.,
YANG Congshan MD, and YANG Y1 MD
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V’'CO, change after modifications of MV is related to CO,
removal and may predict final arterial pCO,

PEEP decrease
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Volumetric CO, provides continuous
monitoring to detect derecruitment
and recruitment of alveoll.

Alveolar ventilation and V'CO, will
first decrease it the lung derecruits,
and will then stabilize again at
equilibrium.

Recruitment, during, for example,
a PEEP increase, can be detected
by short V'CO, peaks before V'CO,
returns to equilibrium.
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V'CO2 kK~ L >~ : PEEP titration

When PEEP change is associated with
an improving ventilation/perfusion
ratio, V'CO, shows a transient increase
for a couple of minutes and then
returns back to baseline, that is, In
equilibrium with CO, production.

When PEEP change is associated
with a worsening of the ventilation/
perfusion ratio, V'CO, transiently
decreases for a few minutes and then
returns to baseline.
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Volumetric capnography

v/ Complements patient monitoring

v Provides information about lung homogeneity or
heterogeneity

v/ Can be used for multiple clinical applications
v Helps you optimize your ventilator settings
v Easy to use

L4
v
"

Sophisticated CO2 measurement
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