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RESPIRATIORY GAS
PHYSIOLOGY

Respiratory Gasses

--NormallAtmospheric
Gasses:
“-0xygen (0y)

i.Garbon Dioxide (CO5) N
i Nitrogen|(N5)
+ Water.Vapor. (H,0)
- Trace|gasses;
Argon (Ar)
Neon (Ne)
+Helium (He)

Respiratory Gasses

Mostimportant
ESpIratory gasses
-=0xygen (0,)

+-Garbon Dioxide (COs) x \y
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AtmosphericiGasses

GAS' PRESSURE
(mm Hg)
Nitrogen (N,) 593.408

Oxygen (0,) 159.220
Argon (Ar) 7.144
Carbon Dioxide (CO,) 0.288
Neon (Ne) 0.013
Helium (He) 0.003
TOTAL 760

Respiratory Gasses

Atmospheric Humidified
i Air
(mm Hg)

563.4

1493

0.3

470

760

Oxygen

Odorjess:.

\ Tasteless.

t Colorless.

t Supports.combustion;
-Present.inithe
atmosphereiasia
diatomic.gas(©y5).
-Necessary for.animal
life:

PERCENTAGE
(%)
78.08

20.95
0.94
0.03

0.0018
0.0005
100
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Oxygen

~-Derived from plant
photosynthesis:
" Algae (75%).
4 Terrestrial Plants
(25%).
i Oxygen atomimust
share electronsifor.
stability:

Carbon Bioxide

-~Color|ess:

“Sourtaste at-high
concentrations.
Foundlinvery/low
concentrations:in

freshair;

L Asphyxiant.

Carbon Bioxide

Wasteproduct. of
animalllife
(carbohydrate and/fat
metabolism).
l-Contains 2/atoms of

oxygeniand|l atom of
carbon.
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Abnormal Respiratory Gasses

--Carbonimonoxide
(€9)]

Carbon Moenoxide

-~Colorless
+Odorless
\ Tasteless

+ Results from
incomplete
combustion|of
carpbon:containing
compounds;

+ Heavier,thanair;

Hemoglehbin

Protein:lron
complexs

- Transports.oxygen
to peripheral
tissues.

--Removes alimited
amount.of,carbon
dioxide from the
peripheral tissues:
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Hemoglobin Binding Sites-

Hemoglobin

==Thebinding of
oxygen|changes the
conformation
(shape) ofithe
hemoglobin
molecule;

‘-Deoxyhemoglobinis
converted to
oxyhemoglobin:

Respiratory Gas Measurement

--Arterial Blood
Gas Sampling

“-Pulse Oximetry
L CO-Oximetry.
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Arterial Blood Gasses

--Gold standard/for
respiratory:gas
monitoring.

“=Invasive

- EXpensive
-+ Painful
-=Difficult

Arterial Blood! Gasses

--Excellentidiagnostic Parameter Normal
tool! pH 7.35-7.45

+Impracticalinithe PO, 80-100 mm Hg
prehospital setting:

35-45 mm Hg

22-26 mmol/L

OXYGEN
MONIMORING
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Rulse Oximetry

=-Introduced/iniearly
1980s:

“"Non-invasive
measurementiof
OXygen saturation.

1. Safe

“Inexpensive

RPulse ©ximetry.

== HOW I tIWOTKS?
i Probe is placed/over.a
vascularbed|(finger; Light Emiting DiodeslLEQH
earlobe).
t Light-emitting diodes
(LEDs) emit/lightiof;
two different Beceviad Phato Detecton
wavelengths:
Red=1660.nm
“Infrared =940 nm

Rulse Oximetry.

somellightis
absorbed by:
“=Arterialblood
-“-Venous blood
L Tissues
+Light.that.passes
throughitheitissues
IS detected by a
photodetector,
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Red light Infrared light

Deaxyhemoglobin

Red pholo Infrared photo
detecior detector

Red light Infrared light

R/ Oxyhemoglabin

Red photo Infrared photo
deledor deleclor

6/13/2007

RPulse ©ximetry.

--0nly/inflow.ofblood
iISusedtodetermine
SpO5.

~~Hence the name
“Pulse Oximetry:

t Hband Hb®5absorb
lightiand/different
rates dueito color
and/conformation.

Rulsatile Elow.

Absorption

This is the band used to
measure SpO,.
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Oximetry Probe Placement

“=Einger
+.Earlobe
-=Heell (neonates)

Oximetry: Probe Placement

“-Accuracy falls when LEDsand
photoreceptors poorly aligned.

-:Accuracy,;decreases withilower, pulse
oximetry readings:

Rulse Oximetry.

== Some manufacturers use
reflective.oximetry for
monitoring:

* LEDs and|photodetectors
in'same electrode:

+ Lightreflected fromithe
tissues and detected|by;
photodetectorsiand
findingsiinterpreted by,
the'softwargiinthe
oximeter,

Can be used on forehead
or back.

6/13/2007
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Rulse Oximetry

-5 HbOj absorbs more
infrared lightithan Hb;

-= Hbabsorbsmoreired
light:than HbO5.

== Difference’in .absorption
IS'measured!

-= Ratio of.absorpance
matched with SpO;
levels storedlinthe
MiCrOprocessor:

Perfusion: Index

+Reflects thepulse
strength at.thie
monitoring site;

Ranges from|0/02%
(very weakipulse
strength)toj20%
(very strong | piu=e
strength)!

+Helps determine
best:siteito place
probe.

RUISe Oximetry

Sa0; 05 SPO;?

® Sa0, used foroxygen|saturation readings
derived from\arterial bloodigas ;analysis.

# SpO; used:for;oxygen saturation readingsifrom
pulse oximetry.

® SpO, and Sa®, are normally very;close.

11
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Rulse Oximetry

--Pulse oximetry tells you:
1 SPO,
“RPulserate

‘'RPulse oximetry/cannotitell you:
=@, content ofitheiblood
wAmount ofi@; dissolved|iniblood
vRespiratory; rate or-tidalvolume (ventilation)
+Cardiac outputior;bloadipressure.

Who ShouldfUse?

-~ Anylevel of
prehospital care
provider,who
administers 0,

* First Responders
VEMTS

P EMT=Intermediates
-+ Paramedics

Rrehospital Indications

1. Monitor.the adequacy
ofiarterial
oxyhemoglobin
saturationi(Spoz2)

2. 7o quantify the SpO,
response toan
intervention.

3. To detect blood flow
inlfendangered/body
regionsi(e.g.,
extremities)

12
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Limitations

“-Oximetry isIN@Ir aimeasurerofventilation
(EtCO, a better-measure of ventilation).
Oximetry;may.lag behindhypoxiGievents.
“+Oximetry is notiasubstitute for. physical
examination:

" Very low:saturation statesimay be
inaccurate/dueitoiabsence of measured
SpO, levelsiinithedatabase.

First-Generation ®@ximeter Problems

' False Readings:
-~ Hypotension,
' Hypothermia.
' “Vasaconstriction.
% Dyes/pigments (e.g:, nail\palish)’
- Movement.may cause false readingiin absence of pulse:
Abnormal hemoglobin:
= COHb.
»METHD.

Y Oximeter.can't.perform:
- Bright ambient lighting.
-' Shivering.
- Helicopter.transport.

Eirst-Generation Oximeter, Problems

Motiony noise; and
low perfusion states
can|cause artifacts
and false oximetry
readings:

-~These have been
eliminated |or
minimizedlin
Second_generatlon The effect of artifact on a pulsatile
oxim ete rs. signal from an codmetry sensor

6/13/2007
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Second-Generation Technology.

-=Newer.
technology uses
signal
processing to
minimize
artifacts and
falsereadings:

i Adaptive Filters

i Signal Processing
Algorithms

i Improved Sensors

Second:-Generation Technology:.

“1echnology preventss:
Motion artifact:

t False readings during
low-flow states:

t False bradycardias.

L

Missed desaturations.
¥ Missed|bradycardias.
- [Data dropouts;

Effects of
dyshemoglobins.

- False hypoxemias. !
|

Myths

Age affects SpO,
‘. Gender;affects SpO,
 Anemia affects: SpO,
+ SpO, naccuratein
dark-skinned
individuals:

tJaundice affects
SpO;.

14
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Rrehospital Usage

i Assure scene safety.
Y- Initiallassessment: i 2
P ——ra
3 ¢

-~ ABCS

== Apply ‘oxygen when
appropriate (eitherwith’ | e
or.after.oximetry):
Secondary /Assessment
Ongoing monitoring:

Always treat the

patient and not
the oximeter.

Reading/the Oximeter

Sp0, (%)

PII(%)

Slyual Shangl Pulse Rate (bpm)

15
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What'Does!it: Mean?
SpPO; REARING (90) INERPRETATION
95— 100 Normal
91— o4 Mild Hypoexemia
86=90 NVoderate Hypoxemie:

<85 SeVere Fypoxemia

Interventions

INTERPRETATION: INTERVENTION
Normal = Ghange RO, 1o maintain'satlration:
MildHypoxemias S =3l nerease R0 0 ncrease saturation:
Moderate = ncrease RO, tolincrease saturation:
bypoxemia = Assessiand increase Ventilation!

Severe Hypoxemial = ncrease Fid tolncrease saturation:
= Increaseiventilation:

OXximetry to. Assessi Circulation

Oximeter;probecan

be placediontotissue

distal to aninjury to ‘.
detecticirculation:

i Oximeter,can monitor E
distal circulationiwith
fractures.andicrush
injuries;

‘. .Clinical correlation
always needed.

6/13/2007
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APPLICATIONIOF PUIESE
OXIMETIRY

Rulse Oximetry,

“:Prepare the device;
+Fresh batteries

“Wires and:probe;in
good repair;

Rulse Oximetry

+Explainthe
procedureito the
patient.

“Apply pulse
oximetry probe
according|to
NEEGIEES
recommendations:

6/13/2007
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Rulse Oximetry

“-Turnon the
oximeter.
vAllow:itito proceed
through start;and
self-checks:

Rulse Oximetry,

“-:Check:for.readings.

“Check Perfusion
Index(Pl).

“~Adjust probe; if
needed, for;best
signal.

Rulse Oximetry

*Monitorpulse rate
and:Sp0o,.

+Adjust.oxXygen
administration;to
maintain desired
SpQ; levels:

6/13/2007
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OXYGEN ADMINISIFRATION

OXxygen Administration

“sltems required:

Y Oxygen source
“:Pressure regulator
“~Flow meter.
“~Humidifier; (optional)
-=Connecting tubing
wDelivery device

OxygentAdministration

+Delivery devices:

“=Oxygen need:and
patienticomfort
should:drive'device
selection:

19
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OxygenAdministration

--Atnasal cannulaiis
comfortableifor,
most patients, yet
delivers only:alow
OXygen
concentration.

OXxygen Administration

“~A'non-rebreather
mask.delivers
closeto1100%
oxygen.

-=Continuous:positive
airway,pressure
(CPAPB)is €effectiveiin
maximizing
hemoglobin oxygen
saturation.

s Usesiinclude;

::Congestive heart failure
4 Acute pulmonary edema
-=[Drowning

- CO exposure

20
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CARBON MONOXIDE
AN
CO-OXIMERY

Carbon Moenoxide

+Carbon'monoxide
(CO)lisithelleading
cause of;poisoning
deaths'in
industrialized
countries.

+.~3,800 peopleinithe
USidieiannually.
from COlpoisoning!

Carbon Menoxide

COiresultsifromithe
incomplete.combustion
of/carbon:based|fuels;

i Itiisodorless, colorless
and tasteless;

--CQlis heavier,thanair
and tends tolaccumulate
inithelower-aspect-of
structures.

21
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CO binds 250 times
stronger than O

Only very high
concentration of O, can
displace CO molecule

Hemoglobm Hemog\obm
Subunit Subunit

*ée

Hernoglobln
Subunit

Cherry red
skin color not
always
present and,
when
present, is
often a late
finding.

Severe a1 - 55% Palpitat
myocar
arrest, |

Fatal >60% Death

]

COHb levels
do not always
correlate with
symptoms hor

predict
sequelae.

Carbhon Menoxide

1-CO.detection
previously required
hospital:based
ABGs'tomeasure :
COHb. ¢

-=Technology:now ("’fa.‘ )

availabletodetect
COHb levelsiinthe
prehospitalland ED
setting.

f »

6/13/2007
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Carbon Moenoxide

* New generation oximeter/CO-
oximeter,can;detect.4
different-hemoglobin; forms:

v Uses 8idifferentiwavelengths
of/light.

Provides:
. Sp0O,
4 SpCO
* SpMET'
+ Pulse rate

660 nm 940 nm

‘;“ 74

Es Deaxyhemoglobin

E 5 Methemoglobin

~

=1

.g 3 Carboxyhemoglobin

9 Oxyhemoglobin

0 2

0]

Q1

< 0 L ——
650 700 750 800 850 900 950 1000

Wavelength (nm)

CO-OXImetry.

* COJevaluation . C
should be routine Missed CO
atfallllevels of EMS poisoning iIsa
andithefire seryice; s
significant legal

All'field ipersonnel .
should beeducated risk for EMS and

inUseofthe fire service

oximeter,and |CO- personne|,
oximeter.
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COHDb Levels in Persons 3-74 Years

Smoking Status % COHb % COHb
(mean + &) (98t percentile)
Nonsmokers 0.83+0.67 <250

Current Smokers 4.30+2.55 <10.00

All persons 194+224 <9.00
combined

COlireatment

' Treatmentjis-based onthe
severity of symptoms.

-+ Treatment.generally
indicated with' SpCQ 1> 12~
15%:

-+ High-concentration O,
should be administeredito
displace COfrom
hemoglobin:

- Beprepared!to treat
complicationsi(e:g+,
seizures, cardiac
ischemia).

CO Treatment

~-Prehospital GCRAP.
can maximally
saturate hemoglobin
andiincrease oxygen
solubility:.

wStrongly.suggested
for-moderateto
SEeVvere poisonings.

24
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CO lireatment

--Efficacy of /hyperbaric: ———
oxygenitherapy (HBO)
iS:aimatter./of
conjecture although
stilllcommonly
practiced.

-=Generally reservedifor,
Severepoisonings:
-=May aid in alleviating

tissue hypoxia:

COIreatment:Algorithm -

Significant;and
evolving{body, of
literatureinow
suggests that.there
are numerouslong:
term and permanent
seguelae/from CO
poisoning.

6/13/2007
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CO Roisoning Considerations

--Fetallhemoglobin
has .aimuchigreater
affinity for.COithan
adult-hemoglobin:

-~=Pregnantimothers
may exhibit.mildto
moderate
symptoms; yet.ithe
fetus may have
devastating
outcomes.

COPoIsoning Asimple

- Remember, CO COHb reading

poisoningjisthe can save a
great.imitator; .

-~Missed CO llfe’ and
exposurejoften pr'even‘r Iong-

leads tojdeath'and term

disability. bl
+-COlis ajparticular PF'O ems.

risk-for/firefighters:

CO-OXimetry.

~-CO-oximetry; works
the'same asipulse
oximetry:

-=Button bringsiup
SpCO:and|SpMET (if
available)iintupper
and/lower-windows
respectively.
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C0Oand Cyanide -
<-Parts oficyanide antidd HydrOXOCObalamm

sodiamnitrite)induce is. the CYanid"j

S eEuIl ik gegeuel antidote of choice
to'elevated COHb and BN | cyanide
reducing 0, capacity;o dco

= Sodium nitrite should} 9” -
combination cyanide/d poisonings.
SpCO>10%.

i Hydroxocobalaminico
cyanocobalamini(Vita
cleared.
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