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> The causes of a metabolic alkalosis may be due to: " 5<%

> Loss of hydrogen 1on 1n gastric fluid during vomiting. This especially
seen when there 1s pyloric stenosis preventing parallel loss of
bicarbonate-rich secretions from the duodenum

> Ingestion of absorbable alkali: such as sodium bicarbonate. Very

large doses are required to cause a metabolic alkalosis unless there 1s
renal impairment absorbable ixls renal function JL 4<is saic aalgll 13

. . . . saall e agant Iga)alkali
> Potassium deficiency: in severe potassium dei:ﬂ’étlon as

consequence of diuretic therapy, hydrogen 1on is retained inside cells to
replace the missing potassium 1ons. In the renal tubules more hydrogen
ions rather than potassium, are exchanged for reabsorbed sodium. So
despite there an alkalosis, the patient passes an acid urine.
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Clinical eftects of alkalosis s el tHJI ol lny €im
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> The clinical effects of alkalosis include: Joiah EXCTetion dlesi sl 30
> Hypoventilation M dgs ., Cop 3 cpns olos e iy aalls 4306 cation sle

. <Ay o) ebsl - -

> Confusion and eventually coma =7 Jsals +HUY ol T Sl

>“Muscle cramps, te%ny and paraes%esia may be a consequence of a decrease
in the unbound plasma calcium concentration. which 1s a consequence of the
alkalosis. Js cliag I JSw protiendls ki ¢, ca Jl phd! g ) cos

@/ @)/ Q) Je2s 7,5 conc of free ca(unbouned)J!

Metabolic alkalosis

Decreased ventilation
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Alkalosis develops Respiratory compensation
occurs quickly L
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Respiratory acidosis T

lungdls lung disease saic (<,

Co8 JJ allsi 3,08 e
> Lung disease: in which CO?2 1s not effectlvely removed from the

blood. In certain patients with chronic obstructive pulmonary disease
(COPD, where CO2 is retained in the blood, causing chronic
hypercarbia (elevated pCO?2)

ls= bacteria Jls WBCY s olyl,8) o<1 £ os(Llsed! olundlls CLll) bronchopneumonia saie 6<s
lung J! Ja1sCo3J! Luaisshypoventilation ¢, cliay suat ¢ Sl ¢, cliag aleveolid!
> In bronchopneumonia: gas exchange is impaired because of the

secretions. White blood cells, bacteria and fibrin 1in the alveoli

> Hypoventilation caused by drugs such barbiturates, morphine, or
alcohol will increase blood pCO2 levels C S - Lestession
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Mechanical obstruction or asphyxiation (strangulation or
aspiration).

?] Decreases cardiac output such as in CHF also will result in
ess blood to the lungs for gas exchange
and an elevated pCO2
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Respiratory alkalosis

> The causes include:
> Hypoxemia ¢/t 0J/ paless] CNs shmnlabe
> Chemical stimulation of the respiratory center by drugs, such as salicylate

> An increase 1n environmental temperature, fever, hysteria (hyperventilation),
Pulmonary emboli and pulmonary fibrosis. L e o 5

> The kidney compensates by excreting HCO3- in the urine and

. ) e oo o, N dos
—l— ¢
reclaiming H+ to the blood S urir gl | B 851 D iy Wl )

> The popular treatment for hysterical hyperventilation, breathing into
a paper bag, 1s self -explanatory CoiDs s (erPirohady —lbebsys 0.5 ol ot

salaln &2 Q—\Jlog'\céz Pl O[ﬁa.s Ua.\:__/:\/
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Oxygen and gas exchange sLa e i ¢,9 FADH2 Jls NADH J! oxidation!
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Oxygen and carbon dioxide 1w molecuar 01 sk s st ¥ asrsen
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> The role of oxygen in metabolism 1s crucial to all life. In cell
mitochondria, electron pairs from the oxidation of NADH and FADH?2,

are transferred to molecular oxygen

> For adequate tissue oxygenation, the following seven conditions are

necessary: P R A TISA PRy
(1) available atmospheric oxygen O i ;e 4 06 ozl Lobd olis 2>525¢
(2) adequate ventilation — 0J!Jas 5ok Hlie Gudlhy &1 5uls S a3 2P ofggenation s

(3) gas exchange between the lung and arterial blood B+ bloodJ! sk lung ! +J loe

4) Loadin £ O2 onto hemoelobin by arterial bloodJ!s OJ!
() © d go O OIto e Oégigk,a&w;hemoglobinjl?;y Co2J! lungJ!

(5) adequate hemoglobin hemoglobinJ! e slS sue ssics O]

(6) adequate transport (cardiac output), and = oJl o lse LIS e il iy o33 L)

1 | h lobin! |
(7) release of O2 to the tSSUe, yi . inis s OU) @@“i,%‘.‘jf” emoglobinJ! sle Jasl



Any disturbance in these conditions can result in poor tissue oxygegation s, .4 ¢ q;lw\\l o J) =10 599200 <0\
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Tracheal/bronchial air
PO, 149 mm Hg
PCO; 0.2 mm Hg

Alveolar air
POz 100 mm Hg
PCO, 36 mm Hg

” Pulmonary %
circulation

Venous circulation\_ Seay SS9 &2 / Arterial circulation
PO, 40 mm Hg {BE$9a= 5 PO, 90 mm Hg
PCO2 46 mm Hg PCO, 40-mm Hg

(pH = 7.35) (pH = 7.40)

Systemic
circulation

Tissue surface
PO> 20 mm Hg

0o 60 mm Hg




Oxygen and carbon dioxide

Ji OJl odas ¢, ol JSLadl gt
> Factors that can influence the amount of O2, that moves through the alveoli into the blood and then to the tissue

include: .
13 Ll surface area]! Lga,dg alveoli cua sl

> 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
decrease Il ol ¢, 1ia Js Ll surface area]! <l o1l ol aleveoligl d<as &yl 14

emphysemaJ! JSLatl sl sl Jlisy gase exchange JL
> Pulmonary edema: Gas 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

gasd! wlee 3225 T, T, waly ol Lledl slag capillary JI csaleveoli Jl ou O JI Laksds ¢ o) Gledd ) wiys 5, lungdl Jilges o8 e W
. . . i, exchange
> Airway blockage. Airways can be blocked, as in asthma and bronchitis J

GIb olyly8) Lpd sums T, o) bronchitis Jls asthmad! )y ool saie (60 (Saag 0,08 o) JSYL Boydits Ko v Y 33351 aalgll 15

> Inadequate blood supply: As in pulmonary embolism, pulmonary hypertension or a failing heart not enough

blood is being carded away to the tissue where it is needed.
Un (od cling SIS iy Gl Jemgs Lo bloodU! 4l (o) St (250 o) Uiin 51 suic aalll 13

sJAL 8,008 e 549 OJl £ a3 ¢, cellsyly gas exchange L
> Diffusion of CO2 and O2. Because O2 diffuses 20 times slower than CO2, it is more sensitive to problems with

diffusion. This type of hypoxemia is generally treated with supplemental O2. 60% or higher O2 concentrations
must be used with caution because it can be toxic to lungs
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Oxygen transport

> Most O2 1n arterial blood is transported to the tissue by hemoglobin.

> Each adult hemoglobin (A1) molecule can combine to four molecules of

O2. reversibly with up to four molecules of O2 Uorsgan bz hamasgobs 41

> The actual amount of O2 loaded depends on:
> The availability of O2— \eisw heeylebin holae a0 s & vty
> The concentration and type(s) of hemoglobin presentE) ol Plasi] hemcolonig N\_5.55.5 sk
> The presence of interfering substances, such as (@)

> The pHY & o) a-pf/ﬂbv)l S 2o | R B hemegytbinh (fr s afﬁ,,}j ALC
PPl Co 2obes b, g -
ke )\N’J\‘}Jﬁ; The temperature of the blood CALp N B0 S & hamogidn ) & 3 (B
“ome20i0>> The levels of nd 2,3- DPG.& L)t affiry 3 23 250 Lo
emoglob ‘e as .
aﬁu/@ z—j\j <5 Nl IS - aflinky nishi 2 oblat
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Oxygen transport Lsiys functional hemoglobind! ;%95 ysSs skl auiglls
02J! as

> With adequate atmospheric and alveolar O2 available and with
normal diffusion of O2 to the arterial blood, more than 95% of the
“functional” hemoglobin will bind O2.
&ls %100J O JL Lkl hemoglibindl 4o Juass £5( O el U) avualls O2J) LaS S iyl s U
(padl 515 (awsh)dissolve OJ Jsais €5 i g O JLBabyy
> Increasing the availability of O2 to the blood further saturates the
hemoglobin. However, once the hemoglobin is 100% saturated, an
increase 1n O2 to the alveoli serves only to increase the concentration
of dissolved O2 (dO2) in the arterial blood. This offers minimal
increase in oxygen delivery.

(s 3ulyy dab)edOUl dal a3y oIl i)l a3ill Lo ol glleconc dal aalsll 1]
toxicity saic juas (Sao

> Prolonged administration of high concentration of O2 may cause

toxicity and in some cases, decreased ventilation that Teads to hypercarbia




Oxygen transport

> Normally blood hemoglobin exists in one of four conditions:

Aty nglob »3>=Oxyhemoglobin (O2Hb), which is O2 reversibly bound to hemoglobin- Oze Lot
C ) az>

Cs» hemeglbn = deoxyhemoglobin (HHb; reduced hemoglobin), which is hemoglobin not

© 7 bound to O2 but capable of forming a bond when O2 is available—}.-2- e )é;z; ﬁ) PEX RS\
J

hemaglobtn > Carboxyhemoglobin (COHb), Which 1s hemoglobin bound to CO. Binding of
CO to Hb is reversible but is greater than 200 times as strong as that of O Zé

Ed.uu-w \>Ly%l Byde—riy s Nev/ersable <l @0_3() N o200y 553 l/vem.efjlob.in_)\ & M)J CC) )\

Co ?

Z):’:p o ?—Methemoglobm (MetHb), which i1s hemoglobin unable to bind O2, because
/.Oj’,;z" L 1ron (Fe) is in an oxidized rather than reduced state. The Fe +3 can be reduced
R wrisby the enzyme methemoglobin reductase, Wthh 1s found in RBC’s
B /lﬁej%globm Nes b s feducec Formof re ,,,\Ab
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aul o8 3 Co-oximeter are used to determine the relative concentrations (relative to
=~~hemogu)\ the total hemoglobin) of each of these species of hemoglobin.
dﬂc;,a,.t\s\,u‘
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Assessing a patient oxygen status- = <o «u- =i

> Four parameters used to assess a patient’s oxygen status are:

OMB  hes, 20

oame - 3%0xygen saturation (SO2)

> Measured fractional (percent) oxyhemoglobln (FO2Hb); .
2wl e sg=-Transcutaneous pulse oximetry (SpO2) assessments and
> The amount of O2 dissolved in plasma (PO2). ) fer ¢ 5 auScpmn

S'aluroJ?J Wi
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> Oxygen saturation (SO2) represents the ratio of O2 that 1s bound to
the hemoglobin compared with the total amount of hemoglobin

capable of binding O2

SO, = c¢O,Hb

(cO,Hb + cHHb)

X 100

- a% D/a ol D oa A




Oxygen saturation (SO2)

cllally 985 temperture Jls phdls po2J) aubasy duae SO2J) allsl ac Ly software o4
> Software included with the blood gas instruments can calculateé SO2
from pO2, pH and temperature of the sample.

[G?_ HR /\/\mzl

> These calculated results can differ from those determined by Zlirrec\t)
measurement due to the assumption that only adult hemoglobifi 1s

present and the oxyhemoglobin dissociation curve has a specific shape

and location =~ HBU o &b elsl o ¥ G st S02UI e o T ol il
A Lgad 131 (75 ey

> These algorithms for the calculation do not account for the other

hemoglobin species, such as COHb and MetHb adul"B8 o sng Lo
0@—"\*9 i)

» So calculated SO2 should not be used to assess oxygenation status



~-Fractional oxyhemoglobin - "% g0 bl 2

> Fractional (or percent) oxyhemoglobin (FO2HD) is the ratio of the
conc. of oxyhemoglobin to the conc. of total hemoglobin (ctHb)

o, bR~ So,
3 E0)s L
Nofmal stube p 2 N .5 \od Foll{b = cO,Hb — (O_Hb M @
s Chond Sevrd ctHb cO;Hb + ¢cHHb + dysHb —] ., uR

> 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. Cadao NS ot oy

FOM8 < so,

> 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 1f dyshemoglobins are present)




Partial pressure of oxygen dissolved 1n plasma

> Partial pressure of oxygen dissolved in plasma (pO2) accounts for

httle Of the bOdY’S 02 StOI'eS. JSis aaln (dissolved in plasma) il sy all OJYI sa freeOJ!
arandls OJI o5 aas v

> Noninvasive measurement are attained with pulse oximetry (SpO?2).
These devices pass light of two or more wavelength through the

tissues of the toe, finger or ear, == &= ot b, O2rb JwavelengihJl sk
’ ' o i sy capillaryJ|

S02J! s Gl Hlgaldl 1ia dSie AHB SLeS Y anaiil Saag

> The pulse oximeter differentiateé between the absorption of light as a
result of O2Hb and in the capillary bed and calculates O2Hb

saturation. Because SpO2 does not measure COHb or any other
dysHb, 1t overestimates oxygenation when one or more are present.



(?JThe accuracy of pulse oximetry can be compromised by many factors, including
diminished pulse as a result of poor perfusion and severe anemia.

Vo5, e uoby WH B ow O arad 1

> The maximum amount of O2 that can be carried by hemoglobin in a

> given quantity of blood 1s the hemoglobin oxygen (binding) capacity.
The molecular weight of tetramer hemoglobin is 64,458 g/mol.

> One mole of a perfect gas occupies 22,414 mL. Therefore, each gram
of hemoglobin carries 1.39 mL of O2

22 414 mL/mol. _

= 1.39 ml/g
64,458 g/mol (g ol W St 5 [amlly & New
> When the total hemoglobin (tHb) 1s 15 g/dL and the hemoglobin is
100% saturated with O2, the O2 capacity is: (998 \y seya

S
15 g/100 mL X 1.39 ml/g Sl

N ,
= 20.8 mL O/100 mL of blood '® W & Saturation ¢ 20.8 _

&\, i Ay 20-8 :{Zo.am)"?/’i’,bq
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Oxygen content

> Oxygen content 1s the total O2 in blood and is the sum of the O2
bound to hemoglobin (O2Hb) and the amount dissolved in the plasma

02
(p ) lOOUlVl&!e,J )\Oka (44x>)’l, é‘o}a\ ) q,.»\id\ u-S))*—ET) aj ‘L,a e o
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> Because pO2 and pCO2 are only inc{;;\;i)f@as-exchange efﬁcienzg
in the lungs, they do not reveal the content of either gas in the blood.

> [f the pO2 1s 100 mmHg, 0.3 ml of O2 will be dissolved in every 100
ml of blood plasma. O3 6m! > G52 2y e e oo '”Lf

—_—

0.3 mL + (20.8 mL X 0.97) = 20.5 mL .
> The amountof ______. __ __ _ __ e i, ___If1cant.

TTTTTT



The amount of dissolved O2 is usually not clinically significant.
However, with low tHb or

at hyperbolic conditions, it may become a significant source of O2
to the tissue. Normally

98-99% of the available hemoglobin is saturated with O2.
?JAssuming a tHb of 15 g/dL, the O2 content for every 100 mL of
blood plasma becomes

— é‘o\“c«\ &2
disdied  owed P T8 s
0.3 mL + (20.8 mL = 20.5 mL ,
> The amountof \____——2_ _ -, -.o--Ificant.
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Hemoglobin-oxygen dissociation ... swesvems, s-s

b olis e p ans ol asle son o, JL

CpH (LHY) R Gy
> 2.3-DPG levels increase in " 100 e L PCO2
: : el ens vt o 12,3-DPG
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2P 2ubd 221 | 2] The actual determination of oxyhemoglobin (O2HB) can be determined

:)PQL.: C;ﬂ—'u;l'\lSl_;w

_.ees. | SPectrophotometrically using co-oximeter deS|gned to directly measure the

various hemoglobin species.
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Measurement /
Spectrophotometric (Co-oximeter)

Deatermimation.ol.oxy gen, seoh atlQhermined

spectrophotometrically using co-oximeter designed to directly measure the various
hemoglobin species.

> The number of hemoglobin species measured will depend on the number and
specific wavelength incorporated into the instrumentation. For example, two
wavelength instrument systems can measure only two hemoglobin species (O2Hb
> O s—and HHb), which are expressed as a fraction or percentage of the total

hemoglobin. , )

% -

A (one N s ays N ol e

Absorplivity
- ~
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SullHb
o ) 1

480 500 520 540 580 580 800 6820 640
Wavekenath (nm]



Spectrophotometric (Co-oximeters)
Determination of oxygen saturation

> As with any spectrophotometric measurement, potential sources of errors

exist, including: DO oy eme e con
(B~ Faulty calibration of the instruments efe - g1 o, mozest, s Lot sl com Lo
C Spectral-interfering substances . .ovcsy & Ay M w5 Aoy Jabsoon L8 _ves c- o )

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

collection — 5,500 o deasd\s (rI2 OV Guo x5 (s s Camtiins LibN o0t 1S 1)
Is_‘j)\\p/ﬁ;:,_’; ;L’..,)j)gw; che ———— OZ)("“/\ - "\L):iba )l

> An appropriate waiting period before the sample 1s redrawn should follow

changes in suppf%mental O2 or mechanical ventilation
M N3l ) lie bl Lo canc S5 « Sl )8 CAD<, O e ol e o W W

> All blood samples should be collected under anaerobic conditions and



and mixed immediately with heparin  =-2oe 1 =l © D\ aefbie L\ sy
or other appropriate anticoagulant. Bl 25 L' S = T S
[anamirc o5 @k oleTcoxi o

?] If the blood gas analysis is not being done on the same

sample, EDTA can be used as an anticoagulant

S O\V\}COOS(A\OJ'C Q'EID\/—A O\ KMW w&;w M}/\N\ ) \‘)\

?] All samples should be analyzed promptly to avoid
changes in saturation resulting from the use of oxygen

by metabolizing cellsy>\ « . Sos ok WW SRS (o)\(

C,/\«—&—)Z}” )j—%A O¢ )\MW\{
IS




Blood gas analyzers (pH, pCO2 and pO?2)

> Blood gas analyzers (macroelectrochemical or microelectrochemical
sensors) as sensing devices

/ @‘ \Lf A!:—BJ _)L;:J I
> The pOﬁeasurement is@r{nperometric (current ﬂovd related to the
amount of O2 being reduced at the cathode— yy, _(; ol 0, - o
’ o=\ ) ) .
> The PCO2 and pH measurement are&otentlometrlc (change 1n
voltage))

> The blood gas analyzer can calculate several additional parameters,
_ > bicarbonate, total CO2, base excess and SO2.




Measurement of pO2 ... 5o e 20 pben e oo

dso oD 2ubs Oy Mo, elecrs) 0 § o> SN\
> The primary source of error for pO2 measurement is associated with

the buildup of protein material on the surface of the membrane (retards
diffusion of O2)

> ORI S\VI Y SCY VI RV IPE VN RIS

> Bacterial contamination within the measuring chamber, although
uncommon, will consume O2 and cause low and drifting values

> [t 1s important not to expose the sample to the room air when

collecting, transporting and making O2 measurement.
result in

/D”j‘C»O/lf\ significant error
> Contamination of the sample with room air (pO2, 150 mmHg) can



(2)Even after the sample is drawn, sample should by analyzed immediately as Ty o (O o v\
leukocytes continue to metabolize O2 leading to low PO2 value e 2NEnmd 2) Wl X

Measurement of pO2 i)

> Cutaneous measurement for pO2 also are possible using
transcutaneous (TC) electrodes placed directly on the skinj

@Oz )l C o 5 AN L abes Y \Lé\rd \]( fe\fc\'roj ()55,)

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

. . . . . . M Kness 4 Hssu pe(‘!us.u) i
> Skin thickness and tissue perfusion with arterial blood cang

SKI lechodDlagr btz < olan
significantly affect the results. 2NNy

> Heating the electrode placed on the skin can enhance diffusion of the



to the electrode, however, burns can result unless the electrodes are— ecto] N s oo S M) ens &
moved regularly Olbe e o Lo Vot # odfson o 0)Y e Ol

v <oyl etcwaco,-l\
s Measurement of pH and pCO2 .

> Two electrodes (the measuring electrode responsive to the 1on of N
anterest and the reference electrode) are needed and voltmeter, which UZ;\!E&‘\

measures the potential difference between the two electrodes. Urissadi o

> The potential difference is related to the concentration of the ion of
interest. 2an)? co efectndd 3 ol Liss v et 08 0 AbE) Goxisi

pH N o O s sesdc gy ) B F ol o) bo dds

> To measure pH, a glass membrane sensitive to H+ 1s placed around
an internal Ag-AgCl electrode to form a measuring electrode

> The potential that develops at the glass membrane as a result of H+ [



—the  unknown solution diffusing into the membrane’s surface is
proportional to the difference in [H+] between the unknown sample and
the buffer solution inside the electrode

pC02 — N2les _)@ IaNEY
s p8 20526 7 Newal Comd

COq_ I
> 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 ,f“)\ ey I Cop N o=

> As with the other electrodes, the buildup of protein material on the
membrane will affect diffusion and cause errors, pCO2 electrodes are



slowest to respond because of the chemical reaction that must be /J

completed. Other error sources include erroneous calibration caused by ¢ 3
incorrect or contaminated calibration materials COZ M J < s\ Y VY q;),\e_)‘qu‘(;(\ s\e
Specimen HEE T Y ) 05 s P 3 9,05

> Arterial blood specimen ; I :

Oy (fonr\g{br/' \ $ Pulwonery ‘fmc)'/'on M md asm Lo \s\ Pephval Veneny D Coa=iw\ G 500

> Peripheral venous samples can be used if pulmonary function or O2
transport 1s not being assessed (the source of the specimen must be

clearly identified) Ceosd\ e iB) g o) ¥

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

> Although the correlation with arterial blood is good for pH and
pCO2, capillary pO2 values even with warming of the skin before



[(2JAlthough the correlation with arterial blood is good for pH and pCO2, capillary pO2
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

(2JSources of error in the collection and handling of blood gas specimens include the
collection device, form and concentration of heparin, speed of syringe filling,

maintenance of the anaerobic environment, mixing of the sample to ensure dissolution

and distribution of the heparin anticoagulant, and transport and storage time before Qy\q)ﬂ>
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Interpretation of results

> Laboratory professionals need certain knowledge, attitude and skills
for obtaining and analyzing specimens for pH and blood gases;J
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> Simple evaluation of the data may reveal a@trument problemy dﬁf oS
- émssible bubble in the sample chamber of fibrin piug) .
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> A possible sample handling problem (PO2 out of line with previous
results and current inspired F102 levels)

> The application of knowledge saves time. The ability to correlate data
quickly reduces turnaround time and prevents mistakes.



