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| Capnography

Welcome to the # Edition ofCapnographg ¢ K &the¢ A Gt { A3y

Formanyyearstakingyour patientsvital signshasbeena standardof
practice in all areas of healthcare,from pre-hospital to extended care, and
everywherein between In (1 2 R lwdrl@ &f advancedmedical education and
technologya new vital signhasbeengainingpopularityin almostall patient care
settings It isthe vital signof ventilation ¢ Capnograph}t

In  earlier years capnography was widely misunderstood by
healthcare professionals It was believed by many that capnographywas
intendedto provide an estimate of P,CG, but that was never the intention. In
the yearsto follow that misconceptionhas earned capnographya badrap in
almostall areasof the healthcarecommunity The purposeof this programis to
giveyou a more accurateunderstandingof what capnographyeallyis, what kind
of information you canlearn from it, and how you can use that information to
better carefor your patient.
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Capnography

w Capnographyefers to the study and measurementof carbon dioxide in exhaled
gas

w Capnographyvasfirst introducedby KarlLuft, a Germanbioengineer,in 1943 with
an infrared CG (carbon dioxide) measuring device he called URAS,or & ! f RdUJ
AbsorptlonSchrelbez (Infrared AbsorptionWriter)

It wasbig, heavy,andveryimpracticalto use

Overthe yearscapnographyhasevolvedmanytimes, asdid the technologyusedto
measureit.

w Accordingto a study by the American Society of Anesthesiologist993% of all
avoidableanesthesiarelated incidentscould have been preventedwith the use of
capnographyn conjunctionof pulseoxymetry.

w In1998the ASA(AmericanSocietyof AnesthesiologisjsCommitteeon Standardsof
Care deemed it mandatory that all patients receiving general anesthesiabe
continuouslymonitoredfor P-{CG (PartialPressuref EndTidal CarborDioxidg

w Todaycapnographys successfullysedin almostall areasof healthcare
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Capnography

PreHospitalc Paramedics frequently use carbon dioxide detection devices to assist
them in assuring an endotracheal tube is properly placed.

Emergency MedicineCapnography is frequently used to assure proper ET tube
placement, trend for adequate ventilation during mechanical ventilation, and that
the heart rhythm on the monitor is not PEA.

C Critical Care Medicineln the ICU capnography can be used to trend ventilation
during mechanical ventilation, watch for changes in dead space ventilation, and
watch the progress of many pulmonary related disease processes.

C Cardiopulmonary ArrestDuring CPR capnography can be used as a predictor of
survivability, to check for adequate cardiac output during chest compressions, and
as an indicator of PEA if a heart rhythm return on the monitor.

C Procedural SedationDuring conscious sedation capnography is a much faster
indicator of changes in respiratory status than pudsgmetry. It can take several
minutes for Sa®to change, but E£G changes almost immediately.

C Anesthesia; Capnography in the OR has been a standard of care since 1998. It is
used to maintain adequate ventilation, watch for drastic changes in dead space
ventilation, and assure the presence of adequate cardiac output during surgery.
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Capnography

Definitions

A Capnography A graphical display of G@oncentration over time or expired
volume.

Capnograng CG waveform either plotted against a volume (&&xpirogram) or
against time (time capnogram).

P,CC ¢ Partial pressure of carbon dioxide in the alveoli.

P,CC ¢ Partial pressure of carbon dioxide in arterial blood.

P-CC ¢ Partial pressure of carbon dioxide at the end of expiration.

PeaerCC ¢ The difference between RG and PCG. Sometimescalled the
CCCG-RA T T 23 NINRAGS yhu € @

R/, CGC ¢ Partial pressure of carbon dioxidevenous blood.

>\

>y v D D

>\

© 20117 BreathSounds, LLC . - .

Capnographyi The @ Ot her b 4"\Editom |




Capnography
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respiratory cycle.

w Oxygenation relies on thiaspiratoryphase and refers to the amount of oxygen
(&) available and utilized.

w Ventilation relies on thexpiratoryphase and refers to the amount of carbon
dioxide(CQG) produced during the metabolic cycle of the cells, and exhaled from
the body.

w Oxygenation and ventilation are BOmekded, in proper proportiornto sustain an
adequate and safe quality &fe.

© 20117 BreathSounds, LLC

Capnographyi The @ Ot her b 4"\Editom |




Capnography

Determination of Oxygenation Status:

Invasivelyan arterial bloodgas(ABG )can be obtained which measures, among other

things, theP,0? (Partial Pressure of Oxygen dissolved in the blood plasma of arterial
blood).

NonInvasivelya pulse oxymetry can be obtained which measures the amount of
oxygen that is bound to the hemoglobin.
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Capnography

Determination ofVentilationStatus:

Invasivelythe same arterial bloogas(ABG)sample that measures the,0? also
measures thd>,CCG (Partial Pressure of carbon dioxide dissolved in blood plasma of
arterial blood)

NortInvasivelhthe P-.CG (Partial pressure of carbon dioxide in exhaled gas)be

measured. This is measured breath by breath at the end of the expirph@ye of
respiration.

© 20117 BreathSounds, LLC

Capnographyi The @ Ot her b 4"\Editom |




7 Capnography

Basic Capn®&hysiology
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Capnography

Productionof carbondioxideis aresultof cellularmetabolism

During normal aerobiccellularmetabolismcarbondioxideis producedwhen we burn glucose
andoxygento produceenergyin the form of adenosineriphosphate(ATP)

Just like a combustionengine that burns fuel for power, there is also exhaust,or waste,
produced

The exhaust,or waste products, of aerobiccellular metabolismare mostly water (HO) and
carbondioxide(CQG).

Theexcessvater is eventuallytransportedto the kidneyswhereisit convertedto urine, which
leavesthe bodyduringurination.

Thecarbondioxideis transportedto the lungswhere it diffusesacrossthe alveolarcapillary
membraneandleavesthe bodyduringthe expiratoryphaseof respiration

O O O 0O 00
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Capnography

Methods of Monitoring

The most common methods used for detecting and measuring carbon dioxide
iIn exhaled gas are:

Chemical colorimetric analysisviost commonly used in the preospital setting
Infrared Spectrographg Most commonly used in the hospital setting
Molecular Correlation Spectrographyicrostream technology

v v

Other methods used are:

A Raman Spectrography

Mass Spectrography
Photo-acoustic Spectrography

A
A
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Capnography

Infrared spectrography,the technology used nfrared Spectrography

most CG monitors, works on the principalthat
carbon dioxide selectively absorbs a known
amount of infrared light of a specific Mornitor
wavelength.3 mili-micronsy The amount of light
absorbed is directly proportional to the nfrared
concentration of carbon dioxide molecules A g
predeterminedamount of infrared light is sent
from the emitting side of the sensorthrough a
gassampleand collectedon the receivingside
\ of the sensor(the receivingside of the C3 sensoris an IR

detector). Theinfrared light receivedis compared wene Gas Sample
to the infrared light transmitted. Thedifference
H is then converted by calculations into the
partial pressurethat you see on the monitor.

‘ Somemodelsalso calculatethe differenceinto
a percentageof total gasconcentration nfrared Spectrography Diagram
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Capnography

Advantage®f CG Monitors: |n¥rarea gpecfrograpﬁy

w Provides a measured concentration of
carbondioxidepresentin the gassample

w Providesa breath by breath waveformand nfrared
measurementthat can be used to help Filter
determine your patients airway and gas
exchangecondition

w Waveformand numberscanbe trended to

monitor patientsprogress
\ w Can detect, measure, and monitor very
smallamountsof CQG in exhaledgas(less
H than 1%).
w CanaccuratelymeasureCG duringCPR
‘ w CCG monitorscanbe usedcontinuously Infrared Spectrography Diagram
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Capnography

Disadvantageef CG Monitors: |n¥rarea gpecfrograpHy

w Takes longer to show results after
endotrachealntubation.

w Sensorgan be bulky or heavyon the end nfrared
of the ETtube. Filter

w Samplingtubing or electricalline attached
to the ET tube can increase risk of
accidental extubation, creating a sudden

unexpectedairwayemergency
\ ® Most units require somemaintenanceand
supplies(batteries,airwayadapters,etcX).
H w Canbeexpensive

‘ nfrared Spectrography Diagram
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Capnography

Chemicakolorimetricanalysisusesa pH-sensitive
chemicalindicator inside a devicethat is placed
between an endotrachealtube and a breathing
circuit, suchasa manualrespiratoror a ventilator
circuit This indicator changescolor breath by
breath. It turns yellow when A (i eQ@osedto a
carbon dioxide concentration of 4% or greater,
and purple when A (ieRgbsedto room air that
containsno carbondioxide

Thesedevicesare goodfor quickdeterminationof
the presenceof CCG but are not sensitiveto low
concentrationsof CG, asis the caseduring CPR
or other low cardiacoutput situations

There are also a few disadvantagesto using
colorimetricdeviceX
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Capnography

Advantageof ColorimetricDevices

w Very portable devicescan easily be stored
until needed

w Quickandeasyto use

w Good for quick determination of ET tube ;
placementduringendotrachealntubation. g

w Very light weight, putting little to no stress
onthe endof the ETtube. -
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Capnography

Disadvantagesf ColorimetricDevices

w Colorimetricdevicesare for shortterm use
only (< 30¢€ .0When they become too wet
from water vapor in exhaled gas they will
stopfunctioning

w These devices do not measure carbon
dioxide Theyonly respondto the presence
of carbondioxidein the sample

w In the event of an esophageaintubation a
colorimetricCCG detectiondevicewill showa

falsepositiveto carbondioxideif your victim
has consumed carbonated beveragesjust
prior to intubation.
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Capnography

" The 2 Types of Capnometers ypes of Capnometers

Hams!ream !laeslream

EtCO2 37 EtCOZ 37

The infrared sensor is in the The sample of gas is aspirated
H direct path of the gas source, into the monitor via a
and connected to the monitor lightweight airway adapter and
by an electrical wire. a 6ft length of tubing. The
actual sensor is inside the
monitor.
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Capnography

>

NO sampling tube to become

obstructed.

No variation due to barometric

pressure changes.

No variation due to humidity

changes.

Direct measurement means

waveform and readout are in

WNA A tyThéde is no sampling
delay.

H ET Tube A Suitable for pediatrics and

| neonates.
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Capnography

>

The airway adapter sensor puts
weight at the end of the
endotracheal tube that often needs
to be supported.

A In older models there were minor
facial burns reported.

A The sensor windows can become
obstructed with secretions and
water rainout.

A Sensor and airway adapter can be

H ET Tube positionalc difficult to use in

| unusual positions (pronestc).
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Capnography

" Sidestream i Advantages

>

Sampling capillary tube and

airway adapter is easy to connect.

Single patient use samplirggNo
Issues with sterilization.

Tube Sensor Can be used with patient in

\ Monitor FfY2a0 Fyeé LI2aAruoi

EtCO2 37

Sidestream

>

6ft Sampling

>

>

Can be used on awake patients
via a special nasal cannula.
CC reading is unaffected by
oxygen flow through the nasal
cannula.
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Capnography

" Sidestream i Disadvantages

A The sampling capillary tube can

EtC02 37 easily become obstructed by
Sidestream water or secretions.
A Water vapor pressure changes
Rl Sensor within the sampling tube can
- affect C@ measurement.

A Waveforms of children are often
not clear, deformed.
A Delay in waveform and readout
due to the time it takes the gas
H ET Tube sample to travel to the sensor
\ within the unit.
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Capnography

I

|. Phasel isthe onsetof expiration
which contains only deadspace
gasof the upperairway.

lI. Phasell isthe upwardslopethat

Capnogram

containsa mixture of deadspace Phase il
| gasandalveolargas
\ lll. Phaselll, alsocalledthe alveolar
plateau, contains only alveolar
\
o Phase0 is the onset of
inspiration
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Capnography

I

“The Capnogram

a. The alphaangle is the angle
between Phasell and Phaselll g
of the capnogram A decreased
alphaanglecanindicate partial Proso

\ airway obstructions or V/Q i
mismatching

\ b. The betaangle is the angle

-, between Phaselll and Phase0

H of the capnogram A decreased GGG

beta-angle can indicate CG
rebreathing
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Capnography

I

“The Capnogram

a. The alphaangle is the angle
between Phasell and Phaselll
of the capnogram

b. A decreases alpha angle

\ indicates a prolonged

expiratory phase as is often

\ seen in bronchospasm or

partial airwayobstruction

H Expiratory Inspiratory
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Capnography

I

“The Capnogram

a. The betaangle is the angle
between Phaselll and Phase0
of the capnogram

b. A decreased beta angle is

\ indicativeof partial rebreathing

of exhaledcarbondioxide asis

\ sometimes seen with partial

, foreign body airway

H obstructionor laryngospasm Expiratory

Inspiratory
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Capnography

I

“The Capnogram

The presenceof PhaselV
on a capnogram indicates an
unequalemptyingbetweenthe left
and right lung. Thiscan be caused
\ by a unilateral bronchospasmor a

partial airway obstruction within
\ the left or right bronchialtree.

H Expiratory Phase
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Capnography

Indicationsfor Use

Endotracheal IntubationConfirmation of proper ET tube placement
Procedural SedatiarContinuous monitoring of respiratory pattern
Mechanical VentilationMonitoring effects of ventilator setting changes

General AnesthesiMonitoring of pulmonary and cardiac output status

O 0 0 0O 0O

CardiePulmonary Resuscitatioonitoring effectiveness of chest

compressions, and predicting the outcome of CPR
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Capnography

CapnographyuringEndotrachealntubation:

CarbonDioxideis a waste product of cellularmetabolism,and leavesthe body
duringthe expiratoryphaseof respiration

If cardiacoutput is stable, and the airway is patent, then carbon dioxide is
presentin exhaledgas

Carbondioxideis normallyNOTpresentin the stomach *
Capnographghouldbe initiated immediatelyafter endotracheaintubation.

The consistentpresenceof CG after 4 ¢ 5 breaths indicatesa successful
endarachealintubation.

C Theabsenceof CG in the exhaledgasindicatesan esophageaintubation.

O 0O O 0 0

* |f your patient has consumeda significantamount of carbonatedbeveragegust prior to
getting intubateda CG measurementouldbe positivefor the first 4 ¢ 5 breaths
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Capnography

CapnographyuringEndotrachealntubation:

After an inadvertent esophagealintubation a falsepositive capnographicreading can be
causedoy:

C Resenttonsumptionof carbonatedbeverages
C Exhaledyasenteringthe stomachduringaggressivéagvalvemaskventilation

C A significant tracheoesophageal fistula can cause exhaled gas to enter the

gastrointestinakract.
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Capnography

CapnographyuringProceduralSedation

Capnographys a vital signof ventilation.
ThecapnographievaveformDIRECTIlcorrelateswith respiration

Changesn respiratorystatus canbe detectedinstantly when monitored with
the properuseof capnography

Changesdn respiratory status can go undetectedfor up to 5 minutes when
beingmonitored with pulseoxymetryalone,evenif a cardiacmonitor is being
used

C Duringproceduralsedationcapnographyshould be usedin conjunctionwith
pulseoxymetry

O OO0
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Capnography

CapnographyuringMechanicalVentilation

C When a critically ill patient is on mechanicalventilation oxygenationand
ventilationare beingcontinuallymonitored.

C Invasivelythis is done by drawing and arterial blood sampleand running an
arterial blood gas (ABG)at regular intervals, and after changesin ventilator
settings

C Nonlnvasivelyoxygenationis continually monitored with the use of pulse
oxymetry, and ventilation can be continually monitored with the use of
capnography

C Capnographycan be used as a trending tool and to aid is determining the
effectsof changesn mechanicalentilator settings

C When used properly capnographycan help you manage your intubated
patientswith fewer arterial blood samples
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Capnography

Capnography During General Anesthesia:

After anesthesiainduction capnographyis first usedto verify ETtube placementafter
endotracheaintubation.

During surgery capnographyis used to monitor airway status, ventilatory status, and
pulmonaryperfusionstatus

Airwaystatus Thewaveformus closelywatchedfor changein shape,whichwill alert the
anesthesiologisbf anythingfrom bronchospasnto dislodgementf the ETtube.

Ventilatory status During surgery a sudden decrease in P-{CG can alert the
anesthesiologisbf changedo ventilation status

C Asuddendecreasen PCQ indicatesa suddenincreasein alveolardeadspaceleadingto the suspicionof an acute
pulmonarythromboembolismor air embolism

C Perfusionstatus A sudden decreasein P-{CG can also mean an acute decreasein
pulmonaryperfusion Pulmonaryperfusionis directly proportionalto P-CG.

O 0 0 0
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Capnography

CapnographyuringCardicPulmonaryResuscitation

The benefit of using capnographyduring cardiopulmonaryresuscitationhas been known
aboutfor manyyears,and severalstudieshavebeenpublishedsupportingits use

C We already know that if ventilation is consistentthen measured P-CCG is directly
proportionalto cardiacoutput and pulmonaryperfusionstatus

C With anintubated patient if manualventilationis consistentthen P-CG help determine
if chestcompressiongre effectivelycirculatingbloodto the vital organs
C Asthe personperformingchestcompressiondeginsto fatigue chestcompressionsvill not be aseffective
and P-CC will beginto decline MOSTpeople can only perform EFFECTIMthest compressionsor a
maximumof three (3) minutesbefore beginningto fatigue.
C Studiesshow that the initial measured P-{CG can also be a predictive indicator of
outcomeandsurvivabilityof CPR
C Iftheinitial P.,CG is<8mmHgthenthe survivabilityis lessthan 1%
C Iftheinitial P-{CG is>18thenyoupatienthasa 70%greaterchanceof survival
C It MUSTbe understoodthat outcomeis alsodependenton the initial causeof the cardiopulmonanarrest
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Capnography

C Normalvaluesfor P-,CG is 30 ¢ 40 mmHg Thisis for the text-book patient; 35 year, 6

foot, 165pound,white malein perfecthealth.

C Inthe clinicalsettingnormal P-{CG is consideredto be 3 ¢ 5 mmHgbelow the P,CCG via

arterial blood gasmeasurement
C Thiscalculatedmeasuremenisthe P, G, alsocalledthe CG-diff, or the CG gradient

C TheP,gCC isdirectly proportionalto the amountof deadspaceventilation (Ventilation

that doesnot participatein gasexchange)

C Thereisclinicalsignificancén both measurements; TheP,CG andthe P, {C.

C Thereare numerousconditionsand circumstancesacuteand chronic,that will effect the

P{CG measurementand the P,CCG measurement Seethe tables on the following
slideX
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A P.CO2 & Cardiac Output:

C PgCO?is directly proportional to
cardiac output and pulmonary
perfusion.

C If ventilation is consistent then any
sudden change in cardiac output or
pulmonary perfusion will resultin a
sudden change in P CO?.

4

H §
The above image is a graphicalrepresentationof alveolarand

‘ deadspaceventilation, and the E,CCG basedon the P-CC
capnogram
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A P.CO2 & Cardiac Output:

C PgCO?is directly proportional to
cardiac output and pulmonary
perfusion.

C If ventilation is consistent then any
sudden change in cardiac output or
pulmonary perfusion will resultin a
sudden change in P CO?.

\ C A sudden increase in cardiac output or
pulmonary perfusion will result in a
H sudden : L J
The above image is a graphicalrepresentationof alveolarand
‘ deadspaceventilation, and the E,CCG basedon the P-CC
capnogram
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A P.CO2 & Cardiac Output:

C PgCO?is directly proportional to
cardiac output and pulmonary
perfusion.

C If ventilation is consistent then any
sudden change in cardiac output or
pulmonary perfusion will resultin a
sudden change in P CO?.

\ C A sudden increase in cardiac output or
pulmonary perfusion will result in a
H sudden increase in P.;CO2. L J
C A sudden decrease in cardiac output
or pulmonary perfusion will result in a The above image is a graphicalrepresentationof alveolarand
‘ sudden deadspaceventilation, and the E,CCG basedon the P-CC
capnogram
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A The P, g, CO%

C The difference between the P CO?

and the PaOz? is often referred to as Alveolar Deadspace
the P,enCO?% o r CO2-thifd .
Anatomical This area represents
Deadspace effegtivg alveolar
C There is clinical significance in the ventilation
P (a.eCO2.
\ C The P, CO? is representative of,
and is directly proportional to, alveolar \ J
H deadspace.
The above image is a graphicalrepresentationof alveolarand
‘ deadspaceventilation, and the E,CCG basedon the P-CC
capnogram
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A The P, g, CO%

There are several conditions or disease
states that will cause an increase in the
CO2-diff.
C Pulmonary embolism
C Emphysema
C Low cardiac output states
C Hypovolemia
C Slightly increases with age
The above image is a graphicalrepresentationof alveolarand

deadspaceventilation, and the E,CCG basedon the P-CC
capnogram
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