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Clinical effect of acidosis

> The compensatory response to metabolic acidosis is hyperventilation,
since the increased [H+] acts as a powerful stimulant of the respiratory
centre.

> The deep rapid and gasping respiratory pattern 1s known as Kussmaul
breathing. Hyperventilation is the appropriate physiological response to
acidosis and it occurs rapidly.

> The raised [H+] leads to increased neuromuscular irritability. There is a
hazard of arrhythmia progressing to cardiac arrest and this is more likely
by the presence of hyperkalemia, which will accompany the acidosis.
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Metabolic alkalosis
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C,;w,b‘:-" W > The causes of a metabolic alkalosis may be due to:
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Clinical effects of alkalosis @WY’E%W -
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> The clinical effects of alkalosis include: MAcoy = Alkalens SVl

I . - - My, kS
— > Hypoventilation A 52 “:f-‘ o \:c_ .-;fj\
> Confusion and eventually coma SWopous Hyex DRIz colps 31
> Muscle cramps, tetany and paraesthesia may be a consequence of a decrease <
in the unbound plasma calcium concentration. which is a consequence of the
alkalosis.

Metabolic alkalosis
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The clinical effects of alkalosis include:
> Hypoventilation
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> Lung disease: in which CO2 i1s not effectively removed from the )_'”:c v dox
1aoNIs

blood. In certain patients with chronic obstructive pulmonary disease
(COPD, where CO2 is retained in the blood, causing chronic
hypercarbia (elevated pCO2)

S~ iup > In bronchopneumonia: gas exchange is impaired because of the
ssumawvet ' secretions. White blood cells, bacteria and fibrin in the alveoli
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o Reon > Hypoventilation caused by drugs such barbiturates, morphine, or
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Respiratory acidosis
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> The causes include:
> Hypoxemia
> Chemical stimulation of the respiratory center by drugs, such as salicylate

> An increase in environmental temperature, fever, hysteria (hyperventilation),
Pulmonary emboli and pulmonary fibrosis.

> The kidney compensates by excreting HCO3- in the urine and
reclaiming H+ to the blood

> The popular treatment for hysterical hyperventilation, breathing into
a paper bag, is self -explanatory




Respiratory alkalosis
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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 FADH?2,
are transferred to molecular oxygen

> For adequate tissue oxygenation, the following seven conditions are
_ - nhecessary:
it oV o) f—(l) available atmospheric oxygen

Co e (2) adequate ventilation—¢-12¢= U’—&&‘j Paprngr " Lt
(3) gas exchange between the lung and arterial blood —» s e st
. - . eifio Jic .’64‘9»"5"“ \
heonaghbids 929 O, ¢y ««(4) Loading of O2 onto hemoglobin Infcibio A

avge Hud?
gfkga:éc PB-Z

Mee, ‘2{ Tmilﬁﬁl (5) adequate hemoglobin PU P onsle
HARA _“oﬂ’z,é_ _ " (6) adequate transport (cardiac Outputm&gdﬁf“ -}_‘ BE i
HbH 9 Hb i ptoran 8e—(7) release of O2 to the tissue. -
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Arterial circulation
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Oxygen and carbon dioxide

JsP
J w2’ oD > Factors that can influence the amount of O2, that moves through the alveoli into the blood and then to the tissue
7 0 . atHawma include:

awphesimea S pestruction of the alveoli: the normal surface area of the alveoli is as big as tennis court. When the surface area
Diffecanc g of _V\ells s destroyed to a critical low value by diseases such as emphysema

0%\ — anki vipsen
. . = Pulmonary edema: Gas diffuses from the alveoli to the capillary through a small space. With pulmonary
B""“‘W"Cﬂhna‘[l L edema, fluid leaks into the space, increasing the distance between the alveoli and capillary walls
d,ul_.; il\ F'\'c“iaV\ 9»1 /“_'0
Jblbt alelh A
priwenary edema

> Airway blockage. Airways can be blocked, as in asthma and bronchitis

€ Q5 oy sl DI 655 s eusian 559 55 & 4% Gy 0 (i 3ST
> Inadequate blood supply: As in pulmonary embolism, pulmonary hypertension or a failing heart not enough

345 J AikFusion A = blood is being carded away to the tissue where it is needed.
WS a0
> 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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i 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

JUs21ast A a2 > The actual amount of O2 loaded depends on:

@ > The availability 09’ waeriq o poo F L, A P2 .
N &> The concentration and typ%v(*ﬁLOf hemoglobm present ¢ B o M"L
- > i.uff» 3> The presence of interfering substances, such as (CO) g
071,)”)‘ ' ))J &) > The E_ 'rSs'uL - C\o-,, e:(-» P: &{ e _;i‘L o———")
s..owsozhojucpa: Q55 aFfiakydka)s
B)> The temperature of the blood — DaFinly of S>> o L@ Mo heboit
jU-LlJJ j“s—“lﬁruhc _)‘ )J_/.;z/ Ao J,_\,LPIV*’,J)
(6)> The levels of PCO2 and 2,3- DPG, . | 3 o1 1y 0,3 s Ll
akfinqIls pB ) Jdss TEswe b A4 Coz BN 0 utiis poe0 Wb 10 Y100 = 30/, 3 cumih WP £7D (o 4y LU L U
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Oxygen transport

> 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.

> Increasing the availability of O2 to the blood further saturates the
hemoglobin. However, once the hemoglobin is 100% saturated, an
increase in 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.

- »Prolonged administration of high concentration of 02 may cause oxygen
toxicity and in some cases, decreased ventilation that leads to hypercarbia
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Oxygen transport

»Normally blood hemoglobin exists in one of four conditions:
» Oxyhemoglobin (O2Hb), which is O2 reversibly bound to hemoglobin.

» deoxyhemoglobin (HHb; reduced hemoglobin), which is hemoglobin not bound to 02
but capable of forming a bond when 02 is available

» Carboxyhemoglobin (COHb), Which is hemoglobin bound to CO. Binding of CO to Hb
is reversible but is greater than 200 times as strong as that of 02

» Methemoglobin (MetHb), which is hemoglobin unable to bind 02, because iron (Fe)
is in an oxidized rather than reduced state. The Fe +3 can be reduced by the enzyme
methemoglobin reductase, which is found in RBC’s

» Co-oximeter are used to determine the relative concentrations (relative to
the total hemoglobin) of each of these species of hemoglobin.
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Assessing a patient oxygen status fae 3 Loasiis U oximeters
two lambdas@-.-w. il (S dgia gl
I g 55 s dag )l A5 A3D6 Gy ) A

. et 18 8 235l Co-oximet
> Four parameters used to assess a patient’s oxygen status are: }f O o el

Comprassiens «>> (Oxygen saturation (SO2) deoxyhemoglobin J!s oxyhemoglobin
sy el 5,1 « > Measured fractional (percent) oxyhemoglobin (FO2Hb); &0 penand 252 5all sl pasell S 52 1
o~ % Transcutaneous pul imetry (SpO2 t 1= oxyhemoglobin d puds Gaes e
st pulse oximetry (SpO2) assessments an J) Asi oS ollay total Hb J
&7 _»st > The amount of O2 dissolved in plasma (PO2L zv"?\’ oxyhemoglobon ! J!
= jo>l» ’o'/f

> 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 oxY
§Bi cO,Hb % 100 .. velatve Ho
" (cO,Hb + cHHb) " " kotal Hb

24 o2 oxy + deoXxw
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= » Software included with the blood gas instruments can calculate SO2 from

. . 3 . b(S-: \2 é 3 poz’ pH and temperature of the Sample. ) L _
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'rd.oxn » These calculated results can differ from those determined by direct
21 ils fedms 2l measurement due to the assumption that only adult hemoglobin is present
awlp ) and the oxyhemoglobin dissociation curve has a specific shape and location

oxy;mt'u‘i“;r‘:‘-‘ 27 V>

/LQD_) %4_;._3\0 -

- ) ) ) n -
oxy U (puar b »These algorithms for the calculation do not account for the other /u—/rUALSU VoD

‘*oloxD .. hemoglobin species, such as COHb and MetHb - .
Canss Ol st W) Covm’)a/aﬁ ve

AE.p y ".n”s w— =~
- J|.c,y\g, - »So calculated SO2 should not be used to assess oxygenation status
022, e»\.séﬂa»‘ﬂ-\



Assessmet Je= assessmet f ptis xgen status )
oxygenation J) saic oS o il
oxygen saturation J) & 4xs Jf
lung function J! sl assessment of oxygenation J le2iuy L Ual oxygen saturation s ¥ s
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L carboxyhemoglobin
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o $Y 3 s alindicates ses) A ars g nl 4llaéd FO2HB J) measure fractional oxyhb J)
) J s methemoglobin, carboxyhemoglobin J!s oxyhemoglobin, deoxyhemoglobin J o
dyshemoglobins s¢<x! (met/carboxy Hb
sty Jb 53 S e o) Gl illee galele A :lll transcutaneous pulse oximetry J 4
AP e
the amount of oxygen dissolved in plasma s» ) partial pressure of 02 J! A
(321 ) @l s cdaall Gar (JSLie ataie Loy ) siday Le ) ulill e 0 s jall (i )53 oSy (Sl
FO2Hb oxyHb, 5 SO2 (Gl 4aliae Cile) j8ll () ¢S5 Sas iron 1 oxidation <lee 3 sal (i y2ia
Gluall 4 Hla S02 J) s ki oxyhemoglobin J) g sexs e suia deoxyHb
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shift to the left sxie yua 43Y dys hb Vs (A2 Y s alkalosis Y5 acidosis
YA (sl 4x ad sall yura 5 shape J) s <@ affinity to the oxygen J) x5
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pevcent of Hb Anssiw hov ) 51

s:wo Fractional oxyhemoglobin - “Fem1 B o
me (o Xy =2 an \\/\V\,ra S}qmg
Qg;uj; », > Fractional (or percent) oxyhemoglobin (FO2Hb) is the ratio of the
revey sable conc. of oxyhemoglobin to the conc. of total hemoglobin (ctHb)
SNaEF ity S —
226 3 yosm WS FO,Hb = Qb _ cO,Hb — Oxy

ctHb cO,Hb + ¢cHHb + !(—- @Q-U cde Fohe)
Neth Hb, Colb

> Where the dysHb represents hemoglobin derivatives, such as COHb,
So, +hracing) 053 024 that can’t reversibly bind with O2 but are still part of the “total”
i S U Qg;w hemoglobin measurement.

n . — Meth Hb
\}(\"’” oartlev—:9) C(‘admc%—ﬂ&e

Y s Vs

St ji;;ijﬁ> 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_? e

el

D\ &sle

» Partial pressure of oxygen dissolved in plasma (pO2) accounts for little of th aing
body’s O2 stores.

_a bSorpance

wowe \ev\@QWr Uit

»Noninvasive measurement are attained with pulse oximetry (Sp0O2). These
devices pass light of two or more wavelength through the tissues of the toe,
finger or ear.

»The gulse oximeter differentiate between the absorption of light as a result of
O2HDb 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 o jpoor perfusuon\andeevere anemia,
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> The maximum amount of O2 that can be carried by hemoglobin in a

> given quantity of blood is 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.
64.458 g/mol

> When the total hemoglobin (tHb) is 15 g/dL and the hemoglobin is
100% saturated with O2, the O2 capacity 1s: 70 15160
A7 Lot E

= 1.39 ml/g

15 g/100 mL X 1.39 ml/g
= 20.8 mL O,/100 mL of blood
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bound to Hb or dissolved in plasma J\S ¢) g aall (o mL 100 = 32 52 sall aaSY) d0aS

kilo 24 = g/mol 64,458 4l molecular weight 3 Hb ' mL 22,414 ¢S 4) volume - ideal gas -
dalton
02 1 gemL 1.39 dess Hb ) (e gram JS i) el Hb A Mwt VI e ideal gas ) puiiy 13
all 3 8 coun dlia 15 o 13 51 12 055 58 Gmsle e all S e
20.8mL O2 /100 mL blood »xie & )5S 7)) saturation 100% s total Hb ) (e 15g/dL 4xa 3 58 2l 4l
15g/dL = g/mL 1.39 1 | 52 pa

%95 (e ST 058 %100 i saturation 2 s
20.8 = 5 a5 %97 sl | yala
0.3mL O2 dissolved in 100mL of & 05 ), partial pressure of oxygen 100 mmHg ) S\ 131
plasma
35 se CanSY) (40 20.5mL alhay s saturation A laie 0.97%20.8 31 3l dissolved ) 0.3mL ) Alalaalls
&
100mL of blood
25S exchange in lung J 5 indication 13¢8 <l S 1 51S 13 pCO2 V5 pO2



Oxygen content

‘r0x¥ﬁen content is the total O2 in blood and is the sum of the 02 bound to hemoglobin
(O2Hb) and the amount dissolved in the plasma (p02)

» Because pO2 and pCO2 are only indices of gas-exchange efficiency in the lungs, they do
not reveal the content of either gas in the blood.

» If the pO2 is 100 mmHg, 0.3 ml of O2 will be dissolved in every 100 ml of blood plasma.

» The amount of dissolved 02 is usually not clinically significant. However, with low tHb or
ath gerbolic conditions, it may become a significant source of O2 to the tissue. Normally
98-99% of the available hemoglobin is saturated with O2.

» Assuming a tHb of 15 g/dL, the O2 content for every 100 mL of blood plasma becomes:
Aissete [ 03 ml] + (208 mL X 0.97) = 205 mL 0Oz /o0 ml of Rlovel
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Hemoglobin-oxygen dissociation

> 2.3-DPG@G levels increase in
patients with extremely low
hemoglobin values and as an
adaptation to high altitude.
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Spectrophotometric (Co-cimmeter) Determination, .’ 5 7 o

g

of oxygen saturation frackions = ;g;%” Covve

s
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» The actual determination of oxyhemoglobin (O2HB) can be determined A&y m&m{ o
spectrophotometrically using co-oximeter designed to directly measure the e £ A
various hemoglobin species.
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bt ains Seftwave 8
» The number of hemoglobin species measured will depend on the number angD S e

specific wavelength incorporated into the instrumentation. For example, tWo 7 gurentoge= ) \ s
wavelength instrument systems can measure only two hemoglobin species (O2Hb o=
and HHb), which are expressed as a fraction or percentage of the total

hemoglobin. 620 . \ivs oxgoeke), )2, 7,
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Spectrophotometric (Co-oximeters)
Determination of oxygen saturation

» As with any spectrophotometric measurement, potential sources of errors exist, including:
» Faulty calibration of the instrument
» Spectral-interfering substances

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

» An appropriate waiting period before the sample is redrawn should follow changes in supplemental 02
or mechanical ventilation

» All blood samples should be collected under anaerobic conditions and mixed immediately with heparin
or other appropriate anticoagulant.

» If the blood gas analysis is not being done on the same sample, EDTA can be used as an anticoagulant

» All samples should be analeed promptly to avoid changes in saturation resulting from the use of
oxygen by metabolizing cells’
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Blood gas analyzers (pH, pCO2 and pO?2)

_ > Blood gas analyzers (macroelectrochemical or microelectrochemical

== —gensors) as sensing devices e
Cuvveny QAC:JJ J/\:u@o(/:w c\w/a/\\’)\ R 2,5 Cawen b f@/j@Z/

E\ow

<L ledWetion an oxdation| X Z, » ancde + Cathod LQ%E
o Veacti on

> The pO2 measurement is amperometric (current flow) related to the
amount of O2 being reduced at the cathode

> The PCO2 and pH measurement are potentiometric (change in

_— > voltage)

\fo”"jdb@ (B> (270 A s s AW 1, Busic be Bobe Mg s acdic er & kllor I plh v cues (i 01 £ o2

> The blood gas analyzer can calculate several additional parameters,
bicarbonate, total CO2, base excess and SO2.
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Measurement of pO2

) » The primary source of error for pO2 measurement is associated with the buildup
~oydesid _ of protein material on the surface of the membrane (retards diffusion of 02)

e“*"*\&&g@/i"—"—;’f“ ) 0,0 siersss LA 59?_93‘0&3\/:&:(5:»@\ N WY
diffusion of C’““‘L"'*TL'\ ) ) ) X ‘/,_’ X . Lic o5 b2 545 0 Lt .
’ » Bacterial contamination within the measuring chamber, although uncommon, will

consume 02 and cause low and drifting values o
O 2uab2c.p

3 — oL
» It is important not to expose the sample to the room air when collecting,
transporting and making O2 measurement.

» Contamination of the sample with room air (pO2, 150 mmHg) can result in
significant error

sANIIUC : : :
we 2oy, & Even after the sample is drawn, sample should bY analyzed immediately as
WRE Tz ¢ 'm ontinue to metabolize 02 leading to low PO2 values



oxidation reduction reactions J! dulec sa 4xi fasall LiSa ¢cpaus€VL Jays sale] (s 22
arterial blood s3le &% collection of blood J!
protein will accumulate on the membrane of the electrodee I gi; diffusion of oxygen didall e il ¢S Loy I cnnsY) oS Jlly g
saic (addl) 13} hyperproteinemia J (Sas results I 45Y Uad Lesd () o, 4
Aaaall e J8) GaanslY A4S (58 A1) b 1 ST Haimy Jeas (e 5V 138 53) as bacterial contamination J) (o 456l Al
sl collection Jl JS& ¥ room air J dmsll (i y=i liay Lo lia (jLSad (panufVL llgtind (il o~ ) il 23
measurement J) | transportation
Lk Jeukocytes WBCs J) (81 JA) S S5 (pansSYT a8 g dimll 8 sl o3 JuaS 138 5 gall 8 3 52 50 contamination J!
i L O 52 anaerobic glycolysis Sbal s agie Casa 3L RBs J!
oxidative Je a3zt M mitochondria L (I LAAIL chaa Ll C0O2 (s lactate CpasmsSY) @llgiu Slal (Y

2y A Sl

invasive s infants and neonates I lelexisiy measurement of pO2 I »» A cutaneous ! 45
non invasive <ulS b transcutaneous pulse oximetry -
sl il Adae (Wi s electrode b s alby (pansY) (lie dahidly (A s electrode e s Ll
tissue perfusion with blood 4} (s 5 thickness of skin 3! (e aaiaiy allaty A a1 4S5 alall (3 a5 (Saa

=l Y infants 415 neonates Ul Gl LY () (a5l g IS A3 (e (5S35 (Saa ¢



Measurement of pO2 . .. .-

s> @ leckrod\ sz b oo

» Cutaneous measurement for pO2 also are possible using transcutaneous
(TC) electrodes placed directly on the skin.

» Measurement depends on oxygen diffusing from the capillary bed through
th% tis?ue to the electrode. Although most commonly used with neonates
and infants

» Skin thickness and tissue perfusion with arterial blood can significantly
affect the results.
APREY DA . —
» Heating the electrode placed on the skin can enhance diffusion of the 02
to the electrode, however, burns can result unless the electrodes are
moved regularly.
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Measurement of pH and pCO2
» Two electrodes (the measuring electrode responsive to thelion)of interest

and the reference electrode) are needed and voltmeter, which measures

the potential difference between the two electrodes.
N e

» The potential difference is related to the concentration of the ion of
interest.

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

» The potential that develops at the glass membrane as a result of H+ from
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
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pCO2

» 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

» As with the other electrodes, the buildup of protein material on the
membrane will affect diffusion and cause errors, pCO2 electrodes are the
slowest to respond because of the chemical reaction that must be
completed. Other error sources include erroneous calibration caused by
incorrect or contaminated calibration materials



Specimen

» Arterial blood specimen is an excellent reference

» Peripheral venous samples can be used if pulmonary function or O2 transport 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 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

» Sources 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
andldigtribution of the heparin anticoagulant, and transport and storage time before
analysis



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 data may reveal an instrument problem
(possible bubble in the sample chamber or fibrin plug)

> A possible sample handling problem (PO2 out of line with previous
results and current inspired FiO2 levels)

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



