


Arterial Blood Gases:
Sampling & Analysis

Dr Reza shabanloel 2 ARY
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After a pulse is found, a blood
sample is taken from the artery

FADAM.
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e Sample should be analyzed as soon
as possible

—|f iced sample can be stored

=]

~ »Glass syringe — ) hour
» Plastic syringe — ) @ minutes

er: Blood is living tissue that continues to
me OY and produce COY
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Table II: Changes in ABG every 10 minutes in vitro

37°C 4°C
pH 0.01 0.001
pCO; 0.1 mm Hg 0.01 mm Hg
PO, 0.1 mm Hg 0.01 mm Hg

* It 1s obvious that blood sample should be stored at 4°C, 1f it cannot be processed



ABG Specimen Collection/Handling

Site Selection

Inguinal
ligament

~ D.
Posterior
tibial

Dorsalis
pedis




ABG Specimen Collection

Site Selection

* Radial Artery - Y0° insertion angle
— Requires modified Allen’s test for collateral circulation

* Brachial Artery - ¥6° - 4+°insertion angle

* Femoral Artery - Y0° - 9+°insertion angle



Radial
artery

Towel

Source: Reichman EF: Emergency Medicine Procedures,
Second Edition: www.accessemergencymedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

Source: Reichman EF: Emergency Medicine Procedures,
Second Edition: www.accessemergencymedicine.com
Copyright © The McGraw-Hill Companies, Inc. All rights reserved.



Anterior
/ _ superior
liac spine

Inguinal
ligament

. Femoral nerve

Femoral artery
Femoral vein

Source: Reichman EF: Emergency Medicine Procedures,
Second Edition: www.accessemergencymedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.



temporal artery




pobliteal artery




post pedialis
artery




post tibialis artery
i




carotid arteries
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Hematoma

Arterial laceration

Hemorrhage

Vasovagal reaction

— Sympathetic nervous system response to pain

Loss of limb




ABG &Temperature

* Temperature correct specimen in

analyzer

— Increase in patient temp: TPOY, TPCOY, {pH
— Decrease in patient temp: ~LPO\‘, iPCO\‘, TpH

e PCOY Y mmHg / each degree below YV C
e POY .|, ¢ mmHg / each degree below YV C
e pH > +,+ )2 pH units / each degree below YV C
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Bicarbonate
buffer system
First line of ;
: Chemical Phosphate
defense against -
pH shift buffer system buffer system
Protein
buffer system
Respiratory
mechanism
Secondlineof o = . . . (CO2 excretion)
defense against bufy;zlros ogican _
st Renal
mechanism
(H* excretion)
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Buffering systems in the blood:
Bicarbonate (¢ + % of the total buffering
‘capacity) \

g Hemoglobin (Y% g\t

capacity)

e’ Pﬁpsphate 4
R\ \ &a [ (%ofthe total buf

S
P Isma

-




Bicarbonate Buffer System

[ ]
B I ca CARBONIC ACID-BICARBONATE BUFFER SYSTEM BICARBONATE RESERVE

........ | > NaHCOs
H i HCOy™ | Lo - i
b u ff‘ GO+ Hy0 b b e | B LT s o Hgaﬂf s m
It ne | o |

Or al Fixed acids or

organic acids:

mdd H*

COx + Hgﬂh h&:’&;:d

Pho:
Prot




Hemoglobin Buffer Syste

Heme Hemoglobin Erythrocyte

* Hemoglobin exists as a weak acid and a salt in erythrocytes, this
permits it to act as a buffer.

* Hemoglobin's buffering action occurs when its reduced form binds with
H+ ion.

e Carbon dioxide can also be transported by hemoglobln
(carbaminohemoglobin) addin capacity.

b (buffering)

CO,

ide shift

Cl



MR od

Db sl JOE) Z3al j0 G B S Ll 5y Slac

DS (e (Gae g Aland) it 6 SdlpH i b 5 250
S

coY-.CoY + HYo

Respiratory Regulation

ALVEOLAR

\ VENTILATION |<—> PaCOzl <

o1 1A :
P > | paco ] » COY s g Ay &

a8t Gl et 3L PacoY



Qo e gl ol ads diely SOl glie slaasl Gk ) e
AS e sk ) da Jleyias 4 PH &L L .

Renal Regulation

Kidneys control the acid-base balance by excreting
either a basic or an acidic urine

Renal Tubular
| rtersital Tubular cells s
. - P J
* Excretion of HCO; TE
® egeneration of HCO;- Ka'x.:”; ' _ m
with excretion of H* il,hm’f" Sz
H,CO; :
f Carbonic
------- KO anhydrase
00, e




Normal Arterial Blood Gas Values*®

pH

PaCOy

PaOy

Sa0y

HCO,
%MetHb
%COHb
Base excess

* At sea level, breathing ambient air
** Age-dependent

Y,Y8 - V,¥o

Yo -¥d mm Hg

Ye- Yoo mmHg **
Y - AAY

YY - Y% mEg/L
<Y, %
<V, %

-Y,+ to+Y,* mEqg/L




Blood Gas Report

Acid-Base Information

oPH

ePCOY

eHCOY

eBase Excess + Buffer Base - BB
eAnion Gap

Oxygenation Information

PO, [oxygen tension]

¢SO, [oxygen saturation]
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Total COY - TCOY

w0l S ug whalé ggox0 5l wwi)le CoY S Ulsuo
09> 53 39290 )S ISl Sy 9 SoiusS

oo JoSaiws wlu,Sw ug | CoY S Uliuo 51 %A 90> wg>
393> (i« Whiu,Sw wgy Hlase U uly Luyss Oluo ol ¢ ad>
owl¥e,Y mEqQ/L




Buffer Base - BB
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PATIENT SANPLE REPORT 24 MAY 2005 20:01

SYSTEM 865-08622 Analysis Date 24 MAY 2005
Analysis Time 20:01

Sequence no 1732 Draw Date %E

Accession no Draw Time

Source Operator |D j

Patient 1D Sex m

Birthdate -

Age N

SYRINGE SANPLE
ACID/BASE 37°C

pH 7.368
pCO2 3.75 00)
p02 11.28 13.33)
HCO3-std A18.
BE(B) ‘!\\<;:
:3; 13.33)
mmol/L ( 135.0 - 148.0)
mmol/L ( 3.50 - 5.30)
mmol/L ( 98 -  106)

! or | = exceeds reference range



Types of Acid-Base Disturbances

* Simple
— Respiratory
e Acidosis
» Alkalosis
— Metabolic
* Acidosis
» Alkalosis

e Mixed

— Combination of two or more of the ¥ simple
disturbances
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JUia

PaCOVY=

Normal Arterial Blood Gas with normal ¥q .
oxygenation HCOY= Ya,¥
B.E=+),)

PH= V,T4

PaCOY= : :

¥4, . Normal Arterial Blood Gas with

HCOY= YY, ¥ hypoxemia.

B E= =) y !
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PH=V,)A
PaCOVY=
FY, .

HCOV= Yo,
B.E= \Y,0

ﬁaOi =79,
PaCOY= — .
¥4, ¥ Alkalosis with normal oxygenation
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I! PH: V,0V
£ ¢

' =
/ Respiratory Alkalosis with normal ??CO
L oxyeenation HCOT'= Y 7.
B.E=+Y
PH=V,Y)
PaCOY= 0AY

HCOY= Y?%.. | | Respiratory Acidosis with hypoxemia
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JUia

PH= V, YA

AT WAV PaCOY=

~ Metabolic Acidosis with hypoxemia Yy,

‘P‘”w HCOY= Yo, .
B.E=-) Y,

PaOY=71,.

Metabolic Alkalosis with hypoxemia
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PH= V,) A
}i{ | ) PaCO Y=
;f Metabolic Acidosis with hypoxemia \ AT
K 4 v BE=-)Y,0
PaOY= 71,

Metabolic Alkalosis with hypoxemia
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pH PaCO, HCO;
Respiratory Acidosis ) 7 normal
Respiratory Alkalosis ) ) normal
Metabolic Acidosis ) normal J
Metabolic Alkalosis ) normal T
Compensation

HCO,
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Partially Compensated States

pH PaCoO, HCOy
Respiratory Acidosis ) T T
Respiratory Alkalosis T J J
Metabolic Acidosis l ! l
Metabolic Alkalosis ) ) )
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Fully Compensated States

pH PaCO, HCOy
Respiratory Acidosis normal, but <7.40 T T
Respiratory Alkalosis normal, but >7.40 J ¥
Metabolic Acidosis normal, but <7.40 ¥ ¥
Metabolic Alkalosis normal, but >7.40 T T




Jlia

pH Y,YA
p pCOY ¥Y,.
;f Uncompensated Metabolic Acidosis with | qy 14, .
. hypoxemia B.E.-\Y,0

PaOY ?qy'

HCOY ™), ¥ Uncompensated Metabolic Alkalosis with
B.E +V,d hypoxemia




Jlia

\ pH V,Y)

f./’\ 2%, pCOY 0A,0
© Uncompensated Respiratory Acidosis HCOY Y7,)
\ with hypoxemia B.E.+),7

T PaOY V¥,o

| f,} Rl

pH V,TY

pCOY 7)

HCOY Y% ¥ Uncompensated Respiratory Acidosis
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£ PH= VY, a4

o . PaCOY=

\ Partially Compensated Metabolic Y4,
' Alkalosis with hypoxemia 'HCOY ¥A,Y
l ¥ BE=+Y),?

i PaOY= OA,Y

PH= \/, Y : :
PaCOY = Partially Compensated Metabolic

VY, ¥ Acidosis -the patient is
hyperventilating, causing an elevated
B.E=-vs,y | PaOl
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Partially Compensated Respiratory
Acidosis with Severe hypoxemia
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PH=V,f¥
AR P PaCOY=
\ Fully Compensated Respiratory R
' Alkalosis with normal oxygenation 'HCOV=4,Y
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ol Pa0Y= 1A
PH=V,Y¢
PaCOY= _
Va, ) Fully Compensated Respiratory
HCOv= ¥.,5 | Acidosis with hypoxemia
B.E= +)),4
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f’ it J PaCOY=
& Fully Compensated Metabolic YA,
' Alkalosis with hypoxemia 'HCOY =YVV,7
T B.E= +V,Y
= Pa0OY= 7,7
PH =V,Y?
PaCOY= _
Yo, Fully Compensated Metabolic

HCOY =Va,. | Acidosis with normal oxygenation
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Berlin criteria for ARDS severity

S

200 - 300 mm Hg Mild ARDS
100 - 200 mm Hg Moderate ARDS
< 100 mm Hg Severe ARDS

ARDS is characterized by an acute onset within 1 week, bilateral

radiographic pulmonary infiltrates, respiratory failure not fully

explained by heart failure or volume overload, and a PaO,/FiO,
ratio < 300 mm Hg
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Some helpful hints

Acute respiratory acidosis

— For every Y * mm Hg rise in pCOY, the HCOY should
increase by ' meq/I

Chronic respiratory acidosis

— For every Y * mm Hg rise in pCOY, the HCOY should
increase by ¥,& meq/I

Acute respiratory alkalosis

— For every ) * mm Hg decrease in pCOY, the HCOY should
decrease by Y meq/!

Chronic respiratory alkalosis

— For every ) * mm Hg decrease in pCOY, the HCOY should
decrease by ¢ meq/|
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Sl slie Jsual )3 PaCOY O e Uil

Expected PCOY in metabolic acidosis =
},0 x HCOY + A (range: +/- V)



Anion Gap J) HCOY U

* Corrected HCOY = measured HCOY + (Anion
Gap - \ V).

If the corrected HCOY is less than normal (under Y YmEq/L)
then there is an additional metabolic acidosis present.
Corrected HCOY values over Y7 mEq/L reflect a co-existing
metabolic alkalosis.
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ABGs obtained in the ICU
pH V,YA
PCOY Y. mmHg

HCOY VY mEq/L



pH V,YA PCOY Y. mmHg HCOY Y mEg/L

» Step ): Acidemic, alkalemic, or normal?

ACIDEMIC

» Step Y:Is the primary disturbance respiratory
or metabolic?

METABOLIC




pH V,YA PCOY Y. mmHg HCOY Y mEg/L

» Step Y: For a metabolic disturbance, is the
respiratory system compensating OK?

* Expected PCOY in metabolic acidosis =
Y, x HCOY + A (range: +/-Y)

= Y, 0 x HCOY + A (range: +/- V)= Y,0 x YV + A =
YA, D
pH V,YA

PCOY Y. mm Hg

HOCY YmEq/L




pH V,YA PCOY Y. mmHg HCOY Y mEg/L

» Step ¥: For a metabolic acidosis, is there an
increased anion gap?

Serum sodium ‘Yo mEq/L
Serum bicarbonate v Eq/L
Serum chloride A mEq/L

Anion Gap = Serum Sodium —Serum Chloride —Serum Bicarbonate

Anion Gap =\Y¥é - sA Y mEqg/L=Y+ mEqg/L
(ELEVATED)



* Step 9: For an increased anion gap metabolic
acidosis, are there other derangements?

Corrected HCOY = Patient HCOY + (Anion Gap - ' Y)
Corrected HCOY =V + (Y - YY) = 70

/

Normal HCOY = Y Y-¥ ¢

NO OTHER DERANGEMENTS NOTED
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PH-Based Method (THE LEAST ACCURATE)

DISORDER CAUSE Expected PH
Acute respiratory disorders ~J,PaCO2 (A 10) J'pH (A 0.08)
Chronic respiratory disorders | /*.,PaC0O2 (A 10) 4 T'pH (A 0.03)
Metabolic disorders MU HCO3 (A 1) ML pH (A0.015)

Bicarb-based “Boston” method (THE MOST ACCEPTED)

o gslbll o dend Ll Js3(1-4-2-5rule)

Respiratory disorders CAUSE COMPENSATION
(CO2) (Expected HCO3)
Acute respiratory acidosis 1~ PaCO2 (A 10) 1~ HCO3 (A1)
Chronic respiratory acidosis 1~ PaCO2 (A 10) 1~ HCO3 (A 4)
Acute respiratory alkalosis J, PaC0O2 (A 10) J, HCO3 (A 2)

Chronic respiratory alkalosis

|, PaCcO2 (A 10)

1, HCO3 (A 5)




Metabolic disorders CAUSE COMPENSATION

(HCO3) (Expected CO2)
Metabolic acidosis J HCO3 (A1) J, PaC02 (A 1.2) =2 digits
Metabolic alkalosis M HCO3 (A 1) /" PaC02 (A 0.7) MAX=55

Expected CO2 - Other Equations

o Metabolic acidosis: Expected CO2 ;= 1.5 x [HCO3] + & (range: +/- 2)
o Metabolic alkalosis: Expected CO2 /*= 0.7 [HCO3] + 20 (range: +/- 5) [MAX=55]
o Metabolic acidosis: CO2 \, is the 2 digits after the decimal point of pH t 2

o Metabolic alkalosis: the weakest compensation (max PaC02 /*= 55 mmHg).




SBE-based “Copenhagen” method

o & sllll G Jeud ) 5
DISORDER DISTURBANCE fE?{EAEZEgj‘:;LO/NCOZ)
Acute respiratory disorders *J,PaC02 (A 10) Expected SBE = 0
Chronic respiratory disorders | *,PaC02 (A 10) M, SBE (A 4)
Metabolic acidosis , SBE (A1) J PaC02 (A1)
Metabolic alkalosis " SBE (A1) /> PaCO2 (A 0.6)




Potassium

Alkalosis: (Al K)assligdl J2

10.1 units in pH (alkalosis) \/0.1 units in pH (acidosis)
J,0.6 mmol/L in K+ (hypokalemia) 0.6 mmol/L in K+ (hyperkalemia)
{10 mmHg in CO2 (resp. alkalosis) 110 mmHg in CO2 (resp. acidosis)

$0.5 mmol/L in K+ (hypokalemia) 10.5 mmol/L in K+ (hyperkalemia)




Types of Acids in the Body

— Pco. is most important factor in pH of body tissues.

— Catabolism of amino acids, nucleic acids, and
phospholipids

— Byproducts of aerobic metabolism, anaerobic
metabolism , during starvation, and diabetes.

— Lactic acid, ketones
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[H*]1 =YY x (PCOY / [HCOY ])




Oxyhaemoglobin (% Saturation)

Oxygen Dissociation Curve
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