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Oxygen and gas exchange
Oxygen and carbon dioxide

>The role of oxygen in metabolism is crucial to all life. In cell mitochondria,
electron pairs from the oxidation of NADH and FADH2, are transferred to

molecular oxygen
> For adequate tissue oxygenatlon ‘the followmg seven conditions are necessary:

(Davailable atmospheric oxygen ( Wh> D3 -l

LQ_))P
@2 adequate ventilation ( as¥img . CoPD)
(3) gas exchange between the lung and arterial blood L W&QQ\-.M K eolomn»)

(@) Loading of 02 onto hemoglobin ( 6Cdosié ).

() adequate hemoglobin ( anem:a )
(6) adequate transport (cardiac output), and ( catdioe ©Yo7 \erneess )

(3) release of 02 to the-tissue. ( Swmok \3) e

> Any disturbances in these conditions can result in poor tissue oxygenation
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Oxygen and carbon dioxide

> Eactors that can influence the amount of 02, that moves through the alveoli int en to the
tissue include:

(® > Destruction of the alveoli: the normal surface area of the alveoli is as big as tennis court. When the surface area
is destroyed to a critical low value by diseases such as emphysema, - A
ks . wecho 2 e
* %1 anbibrepsin (elastase D2 ) /elasking = giue @lastailhy ke lungs Am\hg_‘\: it
“Atyrme i cadde elastine 2
@ > Pulmonary edema:.’(?as diffuses from the alveoli to the capillary through a small space. With pulmonary edema,
fluid leaks into the space, increasing the distance between the alveoli and capillary walls
o e it
.\s\}?dlw““@@ CAM Q.LS-_)\'PJL.)XI)\?UPE)’\ Dt Vo= 3 ) 0w

@ ; Airway blockage. Airways can be blocked, as in asthma and bronchitis |, (R0

@ > Inadequate blood supply: As in pulmonary embolism, pulmonary hypertension or a fajling heart not enough
_blood is being carded away to the tissue where it Is needed. 55

oini ad) alsipsans @t 353

(® > Diffusion of CO2 and 02. Because 02 diffuses 20 times slower than CQ?2, it is mare_sensitive to problems with
—diffusion. This type of hypoxemia is generally treated with supplemental 02. 60% or _higher 02 concentrations

must be used with caution because it can be toxic to lungs

—— o

emphgsemor =t ol anvikwpsin de,&ec:u:rj.
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Qxygen transport

>Most 02 in arterial blood is transported to the tissue by
hemoglobin. '

LI
»Each adult hemoglobin 2 1) molecule can combine to Four
o . veversibly with up to four molecules of

>The ou:ual amount of 02 loaded depends on:
\>The availability of 02 ‘
2>The concentration and type(s) of hemoglobin present ._Mmq ot
3 ™The presence of interfering substances, such as (CO)_ . T 4
w >»The pH (b.\UU _LSN a\}{)’\” Y\mt.j\obm\h 3)\\))?\-\ (Y iR "°,\:M:_.ﬁ’

\—5 >The temloemture %f_e_ﬂaad sl bl

o ® .ow_g___;,_.,_cgggf PCO2 and 2.3 S AT LS SVIT LN G ST
Lb O ;);”f-:’_’ : \"b C o S st G Ll N RE AL B
oltbic enegy O = T i f"“ *-u‘:‘f_"-ﬁ-D?G‘Q’E’ ©O2 :)\

Scanned with CamScanner


https://v3.camscanner.com/user/download

11/8/2023

Oxygen transport ran by
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tl/\gn 45% of the “functional’ hemoglobin will bind O2.

 urchiocnal
u )ob\Jh o, N o..»-.e)\ g

> Increasing the availability of 02 to the
saturatestire heraoglobin. Howevgz,_ame_the lf\em

:LOO% saturated, an in e in the a oll_sevrves

ssolved Q2 (d0O2) in
ihurtmaLbLood This offers minimal mcrease In oXygen
delivery.
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Oxygen transport SRR eSS TRE ol et
'>Normally blood hemoglobin exists in one of four conditions: )
(QZHb), which is O2 reversibly bound to hemoglobin. Lt_'\__g.?- -
O"J‘ QP ur,,_.é_l)\&»é\\o\ﬁc)
j»—'\*”-”” >deoxyhemoglobin) (HHb; reduced hemoglobin), which is hemoglobin not bound to 02
T _but capable of forming a bond when 02 is available
(IH—‘ 5) Vur '7_\\__..p .;;__.J,\_,;-,.S',;)u&r—-w 4-)

| m;gg Hb), Which is hemoglobin bound to CO. Binding of CO to Hb

is reversible but is greater than 200 times as strong as that of O2 9
(P ). LA UM inte Op V2w J5 Al 28 o # aQ.Q\“-b_j\
m_emi_glgm&(MetHb), which is h.emﬂglﬂbln_n_ahle_m_bmd_()l because iran (Fe) _

. The Fe +3 can be reduced by the enzyme

methemoglobi e, Wthh is foun in RBC’s
. 0z Jb ‘3"*‘1‘ d\uo e % =) \",_-sh,___{\_, Ofdads ) 2P o2 L e <«
) F‘q_;_-s\a w o\ek ebhemo \_)_§£ V] 3\ ‘J

. lobin N
»Co-oximeter are used t6 determine the relative conce%'\otratx ns {relative to
the total hemoglobin) of each of these species of hemoglobin.

_\,3) (M\UK‘\ FC. ) Fewou-o i
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Assessing a patient oxygen status

»Four parameters used to assess a patlent s oxygen status are:

CrN Gopia o"‘)\ OF xSl
>»0Oxygen saturatlon SO%_‘)(“’U‘ iy G3a V29 23 1 45 2 1o ‘s

aC e b FO2Hb
bgé,»’ »Measured fractional (percent oxyhemoglobmj ) (..u p i 3
»Transcutaneous pulse oximetry (Sp02) assessments and =» G\ P o 3 T 5
»The amount of 02 dissolved in plasma (PO2)

»Qxygen saturation (SO2) represents the ratio of 02 that is bound to

the hemoglobin compared with the total amount of hemoglobin
" capable of bindine 02 g
Cmrbog\\mojou@_)u_d\: 50 Ve e S ¢O,Hb

, X 100 }
* et hemogdoin A : (cO;Hb + cHHDb)

. ()},‘_”\"\—é\r-ﬁ 2 _pemal yR I 4_,.,_’;\'_._.\/,_,5, G~ - Y
v 5625 (Zvo.c\—\omﬁﬁz_u;,au\&}c,lt\;e}—M\ss -

‘O)’(ygen.fsatu'rétiOn (SOZ)
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‘Oxygen satUtaU’on (SOZ)

>Software included with the blood gas ,nsILum_enILan calculate SO2 from
0O2, pH and temperature of the sample.

>These calculated results can differ frgm those determlned by direct

_measurement due to the assumption-that anly adult hemoglobin is preser
and the oxyhemog]gbm_dissouannn_cuue has a specnﬁc shape and locatia

>T_e$_a_lggmhms_far_thﬁcalcubllon do not account for the other
he__g_Qbm_specms such as ___Q,‘_hl;b and MetHb

»So calculated SO2 should not be used to assess oxygenatlon status
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Fractional oxyhemoglobin = que <z pbor @5 o=

> Fractional (or percent) oxyhemoglobin (FO2Hb) is the ratio of the
conc. of oxyhemoglobin to the conc. of total hemoglobin (ctHb)

FO.Hp = £O:tb _ _ cO:Hb
g ctHb  cO,Hb + cHHb + dysHb

> Where the dysHb represents hemoglobin derivatives, such as COHb,
that can’t reversibly bind with O2 but are still part of the “total”
hemoglobin measurement.

>These two terms SO2 and FO2Hb, can be confused because as the
numeric values for SO2 are close to those of FO2Hb (differ in smokers

and if dyshemoglobins are present)
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Partial pressure of oxygen dissolved in plasma

>Eﬂ”ﬁal£uﬁwgmiissahmd_in_plaﬂna_tpﬂ2)_aﬁmmtsiodltﬂ&m
body’s O2 stores.

>Noninvasive measurement are attained with pulse oximetry (Sp0?), These
devices pass light of two or more wavelength through the tissues of the toe,
_ﬂnger_ar_ear._(\a\.‘f»@sg SEEETIFINUETANY e

>The pulse oximeter differentiate between the absbrption of light as a result of
O2Hb and dysHb in the capillary bed and calculates O2Hb saturation. Because
Sp02 does not measure COHb or any other dysHb, it overestimates oxygenation

when one or more are present.

> The accuracy of pulse oximetry can be compromised by many factors, including
diminished pulse as a result of poor perfusion and severe anemia.
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»>The maximum amount of 02 that can be carried by hemoglobin in z

» given quantity of blood is the hemoglobin oxygen (binding) capacity
The molecular weight of tetramer hemoglobin is 64,458 g/mol.

»0One mole of a perfect gas occupies 22,414 mL. Therefore, each gran
of hemoglobin carries 1.39 mL of 02

22,-}14'mUmQL_ =139ml/g 44 WG T PN TR g, of
64458 g/mol = ety
. NEM oo

»>When the total hemoglobin (tHb) is 15 g/dL and the hemoglobin is
100% saturated with 02, the 02 capacity is:

15 g/100 mL X 1.39 mL/g Es
=208 mL 04100 mL of blood ~ —p{ LALS pas S 1S

. OGO, Dt s V€7§—1~'
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UXxygen content

> Oxygen content is the total 02 in blood and is the sum of the 02 b i
(O2Hb) and the amount dissolved in the plasma (p0O2) sUneReiEmoEohi

»Because pO2 and pCO2 are only indices of gas-exchange efficiency in tﬁe l.un th
not reveal the content of either gas in the t%lood. g_ iy BRI

> If the pO2 is 100 mmHg, 0.3 ml of 02 will be dissolved in every 100 ml of blood plasr

> The amount of dissolved 02 is usually not clinically significant. However, with low t+
at hyperbolic conditions, it may become a significant source of O2 to the tissue. Nor
08-99% of the available hemoglobin is saturated with O2.

> Assuming a tHb of 15 g/dL, the 02 content for every 100 mL of blood plasma becor

0.3mL + (208mL X 097) = 205 mL

Scanned with CamScanner


https://v3.camscanner.com/user/download

Hemoglobin-oxygen dissociation

A OV
: . . 1 pH (vw)
»2,3-DPG levels increase in 100 — - PCO2

patients with extremely low | , zfeﬁg??
hemoglobin values and as an whini i
adaptation to high altitude.
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Measurement

Spectrophotometric (Co—oximeter) Determination
of oxygen saturation

>The actual determination of oxyhemoglobin (02HB) can be determined

spectrophotometrically UﬁgLO;QXLmEIELdeSIgngd to directly measure the
various

»>The mmwmmndmmﬂwhd
specific wavelength incorporated into the instrumentation. For example, two
‘wavelength instrument systems can measure only two hemoglobin species (O2Hb
and HHb), which are exprpssed as a fraction or percentage of the total

hemoglobin. : .

\.>-—-‘-‘ s
“““”3“\"'“&/\ %
g-radh OI\OJ" \/Mw :
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Spectrophotometric (Co-oximeters)
Determination of oxygen saturation

» As with.any spectrophotometric measurement, potential sources of errors exist, includir
> Faulty calibration of the instrument
(@ Spectral-interfering substances = Abs L)) [Fo Bsts

» The patient’s ventilation status should be stabilized before blood sample collection

~>An pri eriod before the sample is redrawn should follow changes in supple

appropriate waijting p
nical ventilation

> All blﬁod samples shoulg be co’llected ur;djer anaerobic conditions and mixed immediately with
or other appropriate anticoagulant. ( \ (’" s o Dsd DL
. 2 )
( PSeuds Wigh Oxygen.) RS s e

> If the blood gas analysis is not being done on the same cnmple, EDTA can be used as an anticoagl.

> All samples should be analyzed promptly to avoid changes in saturation resulting from the use of o
by metabolizing cells’ '

~ 8SVR 0 1 = ”, )
A\\p w&)—’ ('-‘"\x S\l uiAW\JJﬁg pzl g e S ooyl s e
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Biood gas analyzers (pH, pCO2 and p0O2)

> Blood gas analyzers (magroglectrochemlcal or mlcroelectrochemlcal
sensors) as sensing devic ces |

>The pO2 measurement is amperometric (current flow) related to the
amount of 02 being reduced at the cathode

>The PCO2 and pH measurement are potentiometric (changein
voltage)

>»The blood ga
bicarbcnate, total CO2, base excess and 502.
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Measurement of p0O2

»>The primary source of error for pO2 measurement is associated with the buildup

protein material on the surface of the membrane (retards diffusion of 02)
Pseudd law

»Bacterial contamination within the measuring chamber, although uncommon,

will consume dNd cause Iow an thlng values 4)
?cSwdoLou) LS:-—-‘&'&JZ/ MU-P‘JJ-J\&»\S\an k,.?‘_._& \p _):S\'J\

>t is important not to expose the sample to the room air when collecting,
transporting and making 02 measurement.

Poeudo wigh .

» Contamination of the sample with room air (p0O2, 150 mmHg) can result in
significant error

>Even after the sample is drawn, sample should by analyzed immediately as
leukocytes continue to metabolize 0 Ieading to low POZ values

LOP&QM(ﬂnlm\.\ . = ,-0,.»‘-)
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Measurement of pO2

>8|:tfnem15_m_e_a;uﬁemeat-feppozdso ar ' ' us
TC) electrodes placed directly on the skin. .

>Measurement depends on oxygen diffusing from the capillary bed through
the tissue to the electrode. Although most commonly used with neonates

_and infants _ O

> kin thickness and tissue perfusion with arterial blood can significantly
| ect the resuits.

>He _uggﬁ:gcgde;ﬂasedﬁnlbﬂkman_emnc_e_mﬁusmn of the 02

_to the electrode, however burns can result unless the electrodes are
edre ularl
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Measurement of pH and pCO2

>Iﬂdc_>£|£_clmdﬁs (the.measuring electrode responsive to the.on of interest 1
and the reference electrode) are needed and voltmeter, which measures
the potential difference between the two electrodes.

‘ (“v-_-' 2o Gp We o relorence Y Sawmple oo\

>The potential difference is related to the concentration of the ion of
interest. , gl

»To measure pH, a glass membrane sensitive to H+ is placed around an
internal Ag-AgCl electrode to form a measuring electrode

>The potential that .devel.ogs at the glass membrane as a r.esult.'of H+ from
e'S F < :

_proportional to the difference in [H+] between the unknown sample and
the buffer solution inside the electrode

o (S V2 PYobin J‘(‘Sb
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PLOZ

> An outer semipermeable membrane that allows CO2 to diffuse into a layer
of electrolyte, usually bicarbonate buffer, covers the glass pH electrode.
The CO2 that diffuses across the membrane reacts with the buffer, forming
carbonic acid, which then dissociates into bicarbonate plus H+

»The change in the activity of the H+ is measured by the pH electrode and
related to pCO2 - '

-1 W.JD\"QA-
S

AR
> As with the other electrodes, the buildup of protei ' e
membrane wili affect diffusion and cause errors, pCO2 electrodes are the

slowest to respond because of the chemical reaction that must be
completed. Other errar sources include erroneous calibration caused by
incorrect or contaminated calibration materials ®

(3)
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Specimen
» Arterial blood specimen is an excellentrefarence

> Peri nous samples can be used if pulmonar ' is not
being assessed (the source of the specimen must be clearly identified)

> Depending on the patient, capillary blood may need to be used to measure pH and pCO2

> Although the ¢ ion with arteri od is good H and i
values even with warming of the skin before drawing the sample, do not correlate well

with the arterial pO2 values as result of sample exposure to room air

f blood gas specimens include the

in the collection ang;handling o .
w, form and comentéai&lan_of_hgpgﬂm, speed of syringe filling® &
bic environment, mixing of the sample to ensure dissolutior
___p__a&_g_ﬁmtage_nmib.emr_e

aintenance of the anaerobi ]
and distribution of the heparin anticoagulant, and transport

analysis

_.‘.—

Scanned with CamScanner


https://v3.camscanner.com/user/download

Interpretation of results

»Laboratory professionals need certain knowledge, attitude and skills
for obtaining and analyzing specimens for pH and blood gases.

»Simple evaluation of the

(nassible hubble in the sample chamber or fibrin plug) -

> A possible sarmple handling problem {PO2 out of line with previous
results and current inspired FiO2 levels) -

>The application of knowledge saves time. The ability o correlate da

quickly reduces turnaround time and prevents mistakes.
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