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What is monitoring?

The verb monitor monere
means to or to
keep




wonitoring cduring =D

Ao nploliof p[eElps o measure of
observe a physiologic parameter
sitrizr continuously or intermittently.



wonltoring cduring =20

= ThE moeniterng GEVICE may provide: a
‘sSnapshotin time o ig=\le[sise
deterioration, track improvement, or
measure the effects of interventions.



wonltoring cduring =20

S \Wlegliteifinle) eelfzlpleisss, St 25 clinical
observation, routine vital sign measurement,
zir)cl electrocardiogram monitoring, zirs tzisic
[EQUIrEmeEntS INFEMErJENCY MECICInE
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ing the Pat

Who’s Watch




. Vigilant anesthesiologist




Altheughr seme might. consider  Eleciionic
GEVviCes the: enly candievascular meniters, the
iindamentall Basis for  circulaton/ moeniternng
[EMalns i ther eyes, Nanes; and ears: of the




IREManRy Ways; the

SENSES captilie’ more Iniermation than
even the mest sophisticated elecironic
MERILGYS;




= cornerstones for standard physical
examination :

. Inspection(eye)
* palpation(Hand)
sAuscultationear




=V XTI ZERS eI EL,

N EgalNEgUIERIEn:



http://www.capnography.com/Lecture/hypoxoiar4.htm

*Human error
s Personal satisfaction

‘*Legal appointment




Which circle is larger?

Which line s locnger?
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Harvey Cushing




WMonltoring In tne Pass
Harvey cushning

nyoeriansion and oracyc erH



Monltoring 1n tne Pzist

-

Visuzll rnonitorine) of resoiraciorn sl
ovarall eliriiezll 2iggezirancs

Fifigjer orl ire oulse

Sloacl orgssure (Sometimess)




Monltoring 1n tne Past
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Finger on the pulse
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Oxygenation (des cemd]mg P ascenaingrorEstanle) (Vistialferratiaitersial)
te VISL :JJ o)f

Pulse rate or near duaitoerial)

SVl (Vistalter:
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SP02=40%


http://www.capnography.com/Lecture/pulseox5.htm

Pulse oximet

fifth vital
sign
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What is a Pulse Oximeter

= Plise oximetn/ IS a AIGR-1IRVasive
diagnestic test USed fierr detecting the
PErcentage of HeEmeglerip (iHo) that IS
saturatedwithr oxygen.

= Known as the “5" Vital sign” assessment
(0)0) "



http://adam.about.com/encyclopedia/003645.htm?terms=hemoglobin
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Absorption due to pulsatile
arterial blood

Absorption due to nonpulsatile
arterial blood

Absorption due to venous
and capillary blood

Absorption due to tissue
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ease of sensor placement
lack of user calibration
noninvasive nature

low cost

Valuable information



Transcutaneous
Oximetry
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Beer-Lambert Law
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Accuracy of Pulse Oximetry

0, Combined With Hb (15 gm%) or in Physical Solution (vol %)
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PO, (mmHg)

Presented by: Kevin Dooley & William Etukudo



At the wavelengti ol red light (660 nm),
leduced nemoglohinaksoerns abveut 1.0
limes as mueh light as exynemoglenin,
Whereas at thenirared (IR) wavelengti
(940 nm), the extinction coefficient of
exyhemeglebinis near that ofi reduced
hemoglobin.



How Pulse Oximetry Works?

R OXyEmoeglehinralksers nira red gt 940Rm
= Deoxynemoglonin ansenas Visikie redlight: 660/rm

e e

Long wave length Short wave length

High energy
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= A hemoglobin
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Wavelength A (nm)

Prologe JA: Pulse Oxymitry: Technical aspects of machine design.
Int Anesth Clinics 25(3):137, 1987



Light Absorption

Calculating

Muscle, etc.

R

Time

©2005 CONMED Corporation
Vital Signs Development Center

sl

R

~ ACesc0/ DCs0
ACo90/ DC 990

« 2 LED diodes, 1
photodetector

« Each LED lights hundreds of
times per second

* Differences in detected
Intensity of transmitted light at
each wavelength are
measured to determine the AC
and DC components

e All variables in Beer’s Law
are constant except for
distance



Pulse Oximetry

RiRCIpRIE ol Gperation

LED
w8 Shield against
Finger light and
other EMI

Photodetector



ABSORPTION SPECTRA

Methemoglobin

Oxyhemoglobin
Reduced
hemoglobin

Carboxyhemoglobin
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400 440 680 720 760 800 840 880 920 940 1000
log? Wavelength (nm)




SOURCES OF ERROR

= Sensitive termotion

5 Standand deviationiis centified ter 4% deown te
70Y% saturation

=L Sats belew 85% IncCrease the Importance of
Eerin the reading

= CalibrationiisrperHormedt oy company. 6n
RAermal patents; kreathning Vareus gas
mIXtUres, se calibrationIs; centain enly dewn
10 60%



SOURCES OF ERROR

== SKin Pigmentation

Darker coler may maketne reading more
Variable duerterepticall shtinting:

Darkinallfpolishinas Same: eifect: BIUe; BIack;
and green pelisnes underestimate
sattratiens; Whlle redrand purpie nave ne
effect

Hypermilirtukinemia has Ne: effect
= | oW perfusion state
= Amient Light
= Delayin reading ofi anveut 12 Seconds



SOURCES OF ERROR

=\Vethylene biuerandineige canmine
URGderestimate the saturation

== Dysitnctionaliiemoegienin

Carexyhglleads tereVverestimation ol sats
PECAUSE It AlRSEHIS at 660 With an
ASEPUIGRAICERETCIENt nEany Identical 1o
exyhgh

Viethglhrcan mask the triie sattratien: by,
AlSEMING teer much light at beth 660nm and
920nm. Saturatiens are everestimated; Ut
drep ne further than 85%, WRICH 0CCUKS
When methgh reaches 35%.



SpOz (0/0)

Calibration Curve

100
80
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70
60
50
40
30

20
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040608101214 1.6 1.8 2.02.224 2.6283.0 3.2 34

r~ AC,/DC,,
AC,,/DC .



SOURCES OF ERROR

= Affect eifanemiaisidenated
= OXy@en-iHemeglehin Disseciation Cun/e
SHItS IRrthe clive can affect the reading

OXImetny/ reading 6t 95% could cerrespond
[0/ a P05 el 60mmiHg (919% Saturatien) er
160mmHg (99% saturation)



Accuracy of Pulse Oximetry

Sp02 overestimated Sa02: 1t has been found that;'Sp02
value of:96%is reliable to ensure Sa02 > or = 90%:

PRI SEOXIMEYASTACCUaERah BV E YUY OXYNEEM GO GRINTS AU OTI(22
8Y0), DUINMUCHNESSISOIEI OWAIY0;randinaccurate el owis00o:

S EACTONS a0 VEerSEly aliecting:

ransducermoevement

PENPHErRAINVASCCONSIHEHEN

nenpulisatngvascularhed

HYPOIENSION

Anemiarsig/al

Byshemoeglohinemias(COHLBFMetHRI85Y0; HDEFEHRSS)

Changesiinisystemic vasculaFresistance

Hypothermia

PreSEnce aliintravasculandyes

nailfpelishi(Blue; black; areen)

Viethylene blue65%

Edema

Skin pigmentation: Dark skin

Ambient Light (Flerescent lights)




=R genernal; signalstane Weakeriirem ears thian
EMNINGESIEXCERHINYBIERSIGRIGN
PEMPRERRINASECORSIHCHORNIUITEAIRESPORSES
aAlieNiaSIiers

: RaVve BEen reported to
iead falsely Rign:

- , It Is essential to be
CErtaln the signals are adeguate; a valid pulse
[eading can e of Seme reassurance
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s lerm capnogdiaphy: COmEsS! firom thie
greek Work , meaning

S ARNESThESIaNCONLEX: inspired and expired gases

Sampled at the Y connector, mask: or nasal cannuias

= Glves insight inte alterations in
ventilation, cardiac oUtpUt, distribution of
pulmonary: biood flow: and metabolic
aCLIVIGY.



What Is capnography?

‘soéjlgggsoéCOZ Joge Jos Cwst S8l 57 gl =
G|

COZ (s i O8I 5~ olos P57 aial5™ (xio =
GPIV] [RRT- Y ROW] SRR



COZ 55 Ol e o)L 5 Sledb|

Wy Orsd

ST 5 Losh oSS e I CO2 3

w‘;f&?w&f@sﬁ-"?éy@dijglfﬂ\fe\faﬁubaw

S5 ok> Naan (> pao D39 31793 (6 yloanS 1 by 9 (I 5 ol plgi (6 05 HU @




Pnysiology
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ASA Standards of Care - Capnography
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What is Capnography?

e

é“"f' l-‘:"i |

e

”* . "(CO5 PIedUCECNI)

G nt the metakelism ol
i gIUCESE

= fransperied te the
pulmoenary
caplliaries

= diffuses inte alveoll
and eliminated via
exhalation




Levels of Capnography
Depend On

“Amoeunt o COs BEINg
preoduced (ImetcionliSm)




Inspiration

METABOLISM

(Phase 0)

VENTILATION

> (CCCC

0



Why Measure ETCO,?

= Jhree reasens: ABC

A = Alay.
\ernhy Eltulke placement
**Ensure engeing Eltuke placement
**/ASSESS CHANGES I alvay.

B =Breathing
“wASSess\ventilation (mevement ol air)
**IVlenIter respiration (Exchange el gases)
*»ASSESS treatment

*C = Circulation
*»Pulmoenary bleed flow
*»Check CPR efforts
ssIdentify ROSC




Pulise Oximetry and
f/i':_lpjj uyﬁ_lphy

4 You cannot measure veritilatior with a pulse oxirrister and
you cannot measure oxygenatior with capnograohy




Oxygenation

CAPNOGRAPHY IS5 THE VITAL SIGN FOR

Perfusion



How Capnography
Works



Physics of capnography

Infra Red Spectrography



http://www.capnography.com/Lecture/ir10.htm

. CO2 Molecules



http://www.capnography.com/Lecture/n2o11.htm

5 033k (S5 9 il 53 Jg0 S yguTl

Atmospheric Pressure
Nitrous Oxide

Oxygen

Water Vapor

Inhalational Agents

Response Time


http://www.capnography.com/Physics/fac.atm.htm
http://www.capnography.com/Physics/fac.n20.htm
http://www.capnography.com/Physics/fac.o2.htm
http://www.capnography.com/Physics/watervapor.htm
http://www.capnography.com/Physics/fac.inhalational.htm
http://www.capnography.com/Physics/fac.respone.htm
http://www.capnography.com/Physics/fac.atm.htm
http://www.capnography.com/Physics/fac.n20.htm
http://www.capnography.com/Physics/fac.o2.htm
http://www.capnography.com/Physics/watervapor.htm
http://www.capnography.com/Physics/fac.inhalational.htm
http://www.capnography.com/Physics/fac.respone.htm
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@ co2 Molecules [ Nitrous Oxide

IR Source



http://www.capnography.com/Lecture/n2011a.htm

@ co2 Molecules [ Nitrous Oxide

IR Source



http://www.capnography.com/Lecture/n20c12.htm

WIS S| S> Uluo )5N20 collision BROADENING §%]

Normal



http://www.capnography.com/Lecture/o213.htm

How does

atmospheric pressure
affect CO,?

Increases in
atmospheric pressure
result in an increase in
the PETCO, values by
increasing number of

IR absorbing

moleculesand
Increasing

Increases High Pressure intermolecular forces

The effect of Atmospheric pressure can be minimised by:-

Measuring CO, as partial pressures

Calibrating with a known concentration of CO, as partial pressure at the site of
measurement



NS (0 DO 1) 508 093 555 O S

02 CO2 Molecules

il

IR Source



http://www.capnography.com/Lecture/o2c14.htm

Collision broadening affect of
Oxygen



http://www.capnography.com/Lecture/water15.htm
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Water molecules CO2 Molecules

Detector

IR filter

IR Source



http://www.capnography.com/Lecture/watervap16.htm
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Detector

Sampling line D
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http://www.capnography.com/Lecture/waterobs17.htm
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http://www.capnography.com/Lecture/waterprev18.htm

diged cp¥ (Sl gl Sl p Slevs)
slow sl 9 Ol lo 31 (818 9

Sampling tube

Sampling adapter

Sampling adapter



http://www.capnography.com/Lecture/inh19.htm
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C0O2 Molecules .



http://www.capnography.com/Lecture/response20.htm
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http://www.capnography.com/Lecture/chemical21.htm
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http://www.capnography.com/Lecture/types22.htm
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Inspiration (Phase 0)



http://www.capnography.com/Lecture/terminology23.htm

Terminology



http://www.capnography.com/Lecture/terminology24.htm
http://www.capnography.com/Lecture/terminology24.htm

Current Terminology

Expiration

Expiratory segment

Phase Beta
Angle


http://www.capnography.com/Lecture/phase3sl24a.htm

Blood flow

ventilation
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=
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Lower part of lung is relatively more
perfused than ventilated, resulting in
spectrum of alveoli with higher V/Q ratio
(lower CO,) on the top of the lung, and
lower V//Q (higher CO,) at the bottom of



http://www.capnography.com/Lecture/phase3sl24c.htm

Any factor that affects the V/Q ratio of the
lung can influence

Cardiac output,
CO, production,
Airway resistance,

Functional residual capacity


http://www.capnography.com/Lecture/co28.htm

How does cardiac output affect PETCO,

Cardiac output


http://www.capnography.com/Lecture/volumecapnogram26.htm



http://www.capnography.com/Lecture/tvcapnogram27a.htm



http://www.capnography.com/Lecture/alvdeadsp28.htm

Increased (a-ET)CO2
With advancing age
COPD
Hypovolemia

Pulmonary embolism

(a-ET)PCO2 decreases

Low frequency, high tidal volume
ventilation in healthy adults

Children

Pregnant Subject




(a-ET)PCO,



http://www.capnography.com/Lecture/airemb30.htm
http://www.capnography.com/Lecture/airemb30.htm
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http://www.capnography.com/Lecture/pulmonary_thrombo31.htm



http://www.capnography.com/Lecture/etco2aco31a.htm

PETCO2 as a non-invasive monitor of
PaCO2

cwol AC02 31 bRl €1 CO2 Cunl ol Joigll 00 g0 Sld &5 Sboj b



http://www.capnography.com/Lecture/alvstphase32.htm

Clinical applications of capnography





http://www.capnography.com/Lecture/clintable38.htm
http://www.capnography.com/Lecture/clintable38.htm
http://www.capnography.com/Lecture/clintable38.htm
http://www.capnography.com/Lecture/clintable38.htm

> Bl,S gulS elgil

Main-stream Side-stream
capnographs capnographs

IR source

circuit
Electrical cord



http://www.capnography.com/Lecture/physiol24a.htm

Physiology and terminology of

capnography




EtCO, - How is it Measured?

Colorimetric CO5 indicator

Resuscitation
bag or breathing
circuit connector

ET tube connector




what is Capnograny:

4 Gaorocraofy-
continuoussanalysis
andEecording ot
(CarnonbIoxide
concentrationsiin
[ESPINAlOIY/JAaSES
(IFESWaveiomsanad
NUIMBETLS)

=R (capnometiyssAnalysis
Only/Gliithe’gasesino
WaVETOInNS

ETCO,

Capnography Capnometry
Measurement and display of = Measurement and display of
both ETCO, valueand ETCO, value (no waveform)
capnogram (CO, waveform)  w Measured by a capnometer
Measured by a capnograph



EtCO2 Values

Normal 35 —45 mmHg
Hypoventilation > 45 mmHg
Hyperventilation < 35 mmHg




How Capnography Works

-

Infrared Sensor

Exhlaled *
Alr




Techniques for Monitoring ETCO2

MENBESTORERIAINING gaS SamplereiranalysIS:
\VialnStream Tiechnology

Sidestrream rechnology
Micrastream llechinelogy.

= Viaimstream (Flew-threugh or IR=line)
Adapter placedin the breatiing Circuit
NG gas s removed from the alnway
Adds bulk te the breathing system
Electronics are vulnerakle termechanical damage




Main-stream Side-stream
capnographs capnographs

IR source

circuit
Electrical cord



http://www.capnography.com/Lecture/physiol24a.htm

Mainstream

eI USE eRintukated patients
Senseren ENIE nelag time
SENSOF adds welghnt

SENSErS must e heatead

SENSEIS may. cloud eVer e RECOmE euled
WIth SECTetions reducing aceurate
measurements










Sidestream

SERSORINNCEVICE atihedside; netthe EI
Can ke used eRrnen=intubated patients
Draws €Oy freni exhaledivreati

Utilizes 15016 180 miisampling rate

Orientation o adapter & Meniter clitical te
perfermance

Not suitakle for neenates due te high
sampling flew: rates




—
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didestream Sampliing

-t




Sidestream Sampling

nasal
canpuia

spentaneously,
Preatning Patients
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Microstream

[Fatest releaseior caprograpnytecirelegy:

Circuitsrsampler=ENC 5 via an aivay/
adapter e nasal cannula

REGUIFES IoWersampling fiewrates
(50ml/min)

Collects sample from middle efi air stream
Goeed forintukated/neRintukated patients

G0o0d for adults; paediatics and neenates
[Fast respense time

Poesitien Independent adapters




Normal and
Abnormal

Values



Capnography Values

50

40

30

20

10



Capnography Values

Hypoventilation or 1 Metabolism-—

I—fyperventilation or | Metabolism

50

40

30

20

10



Capnography Waveform

The entire cycle!




Capnometer is “End Tidal
C02”

Measured, right here

\




Abnormal

Patterns

[I-the Wavelorm IS abnormal, there
IS anrainvay. preblem



What is Wrong Here?

50

40
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Delayed Upstroke




Bronchoconstriction
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Prolonged Phase IV
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Deflated ETT Cuff or
(in peds) ETT too Small.
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Notched Alveolar Plateau
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Ripple Effect
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Cardiogenic Oscillations
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Biphasic Alveolar Plateau
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Severe Kyphoscoliosis
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Normal Waveform,
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Sudden Drop In Cardiac
Output
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Capnometry
Various factors result in either increased or decreased/absent

PETCO,.

CO, output

Fever
Malignant
hyperpyrexia
Sodium
bicarbonate
Tourniquet
release
Venous CO,
embolism

PETCO, increased

Pulmonary
perfusion

Increased cardiac
output

Increased blood
pressure

Alveolar
Ventilation

Hypoventilation
Bronchial
intubation
Partial airway
obstruction
Rebreathing

Technical errors
Machine faults

Exhausted CO,
absorber
Inadequate fresh
gas flows

Leaks in breathing
system

Faulty ventilator
=S WAEIES



PETCO, decreased

COZ output



http://www.capnography.com/Lecture/clinicalap40.htm
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Diagnostic aid

Characteristic abnormal waveforms can help in the diagnosis of
underlying clinical or technical abnormalities



http://www.capnography.com/Lecture/clinicapno43.htm
http://www.capnography.com/Lecture/clinicapno43.htm
http://www.capnography.com/Lecture/clinicapno43.htm
http://www.capnography.com/Lecture/clinicapno43.htm

Therapeutic aid

The efficacy of remedial measures undertaken can be
assessed from the continuous evaluation of



http://www.capnography.com/Lecture/shapediag44.htm

The shape of a capnogram is identical in all
humans with healthy lungs. Any deviations 1in
shape must be investigated to determine a
physiological or a pathological cause of the
abnormality
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