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Objectives

_Review Components of blood gas

/&e\/lew normal PIeod gas
Rev ew acid base halance

Interp et blood gas
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Whny is It necessary 0 Jrr er
aJ,-\jQ ArieLysis f

AEsHn establishing diagnosis

~Guides treatment plan

X r\ flJ N ventilator mrlrlfl"'w—ﬁrrl%rl}f

|mp c%—‘H ent 1n acid/pase
anagement -

gsermlne oxygenatlon status Ml




OBTAININGABLOOD GAS




Yo wrong patient/sample

dentification

.+Use of 1incorrect type or amount of E!fIE]CO:_é
“ Dilution due to/use o liguid heparin 1
.l..I_C]%‘I'IZ amount off heparin
" 6 " electrolytes to heparin
‘ dequate removal of flush solution in arterial
lines prior to blood collection
* Inadeuate mixing of the sample

* Air bubbles in the sample
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Obtaining Bloge Cei

LATENOUE ‘Capillary.
xINot 1dezl < Url HE O) slightly
AP SUGHHYNOWET, e
O) I-E,"n A HIGHES: At=0; “O:_}‘

“i

*POZ valual L '\( 5¢'|fl’" alize”




_Artery

Aldérll Most
Us all g geifeffle

*Loca on

*Umbilical;

* radial,

* posterior tibia,

*femoral,
* axillary

|
WWw.netterimages.com/.../000/000/69-150x150.jpg
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Differenc BLNEE

LA EOUS W EIREREINS(COS 8 roughly
"rh'e SEINE
€ VENGUSHCOZNSISNEEhigher then
the arterialpeoz (5’ 10) Because
_ “ddition COZHs pick from the
- tissues
* The.venous P02 is substantially lower
than the arterial.




Obtaining a blogdhezt

2

{'-

e syringe needs to nave rlr‘prlrln l‘l it to
prevent clotting of the sample
FUO much can change the pH

Air bubbles need'to be removed or hey can

lssolve ito the specimen and e fect the Pa02

Ifina glass syringe place ir if in plastic do
'-fﬁoutlnlce

* must be analyzed within 30 minutes




Proper way €o mu

K Imwurl nt mixing can
cause c lc*',= in the sample
* Invert the sy ringe 10 times

and roll it fg tween the
RIS
- Th LJ ms';zi e arterial

antlcoagulant in two
dimensions

* Proper mixing prevents
stacking of the red blood
cells.
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| -~ o R
rleparin
100" gas syringes rln(l capiiary Fllur‘ are coated
Wi ;iJ various types of heparin to rJrr“/ nt coagulation
n the syringes and «-nflly/er
A Typa:

- Liguid non-balanced heparin

* Dry non-balanced heparin
* Dry electrolyte balanced heparin
. % Dry Ca?*

* The binding effect of Calcium to heparin results in
falsely low values.

* Using electrolyte-balanced heparin reduces
binding

X

™~
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Anzicoaguizzion s

=4

IHeNsesos liguid heparin as the anticoagulant causes a
diution of sample;
" Dilutes the plasma but ot the contents of the red

l
cells

Dlluti 1 can effec 2 fL tes

~ A Dilution does ct the e, pO2, pH
b ositive ions bind to hep
" A Ca?

* K*

*Na

Q.
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CONRONENTE OF A E 'OOD




ABG rneasugess

g

VIezstres 3 components i
“pH
- pCo2 1
Y
.\ \Il o ther numbers are L«;I_.U,I.cli‘—‘d
¢ The HCO3 value is calculated based on measured

,.. r;
pH and pC02 using t 'ne_ derson-Hasselbalch
~_equation
¢ Oxygen saturation is calculated based on the

assumption that normal adult Hg is the dominant
Hg in the sample.

X

™~
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Blood Gas Norrrel Vel

( saturation 05- 100%
*Base Excess= -2 to + 2 mekEqg/L




DL

PHESENGTarithmic scale of the concentration of
Iydnegen ions in a solution. B rjgg.ll;;e'&:i_ e numbers
are so small 3

| T:)_‘AU es of H*

'-_: - log (H7)

*PH"' (il°) = 10

n can be confus ng the numbers are

inverse (reversed)

*When the H + concentration increases the pH
decreases




__ RGOS and C02

W As HcoD3 increases the pH goes up -alkaline
HA s pCO2 increases the pH goes down-acidosis




- R

prl CORNE
‘e pCO2 aetermines he ._
f";f_:ijpif'%.!;()f“y COmponenc - of ; S pH

- Hco3 determines the meta
component _(:f?_ '[je pH




Cornparing -ROMES
maltiblood gas pH and . r_) AC02

o e

aspiratory opposite- Me A,I.Ufﬁ iC equal)

mIAcm)osm 1003

‘fl

0
Q|

Co, ™




Aonorrnew

el Glhio PeCo? (n(lnf'é n the

Gl direction
" The primary problem is iric tabohc

/i 7112 HCO3 and Paco2 (nrln"’
~0pposite cfeeiior

* Thenieusranic:o. dlsor
* Check the percent difference

- w* The one w1th the greater % change is
‘the dominant disorder




Cornpensations

rlova e gaely regeorelss

)‘fl urgs A

~ A Resp felidsy sysieis \

oM _

*Kidneys
*Metabolic response
* Bicarbonate




tory/ Excretosne ponse

H + + HC()3

Hyperventilation
removes H + ion Kidney eliminates or

Hypoventilation retains H+ or
increases H + Bicarbonate ions.

CO n Ce ntratl O n S ().\:‘[\“I I\l)-\‘ ,U\_I\,,IV]:M Y

LDREN’S HOSPITAL




kaconlz

Wy controlied to mrlll’lf',!Jf range of

g " iracellular IUI

* Phosphate

* Hemoglobin
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~
-

Ol effac

e most general effect of pH changes is on
EHZINESTURCHOIS

e Also effEct EXCILERTNAIEIVEIENd m,u‘* cells

B Excuta ility



-

OS'E? S IS

v Acld pal
Friirefin) i JIESEROU ‘. or death.
\/ rJ 0N CONCENALIOIIET ny. Iular
jurisiions o of J“
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AOEENRENSIONIEd OXyeen ;ration
< Oydaiianslon 5 easlice of the

-tmosp ere pressure- water Sssure X
iz, R
* The Oxygen Tension will determine

how mueh oxygen will be dissolved in

blood and will be able to bind to Hgb .




‘:)

pAVETCEnoE SURVIVEGn d]ssolv oxygen

2lonE:

~We needisomeMmingiorcarnty Im Ol’e
Oxyger ..__rls'moglomn IS the pe erfect

- molecule for that.

#*Ca02 = (Sa02 X Hg X 1.34) + 0.003 (Pa02)




Oxygern seillfel

CAVEEsUEmENBOMhaE })Qrcerf of
HEMOGICRINMESIOXACEN rnccgngn‘
itjrattior) zfiel r)rlo/ Al

‘oxyaen dissociation




\

LAt 1S aimeasure.
dErcent OXYOEN
bmdlng \IL;—)_)..

.__f* Pa02 and/se: turation:

are related

% 0Once Pa02 reaches
100.there is a steep
increase in %
saturation
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_aturatio INEIEINS
100 %

" Pa0, 50- Sat 85%
% Pa0, 60-Sat 90%

10 20 30 40 50 60 70 80 90 100
PO, (mmHg)
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What Is Base Excessab Sficit

<Base excess=D= izl oy il éf“ ount of
Jigogle) zlejel ziclc/ac) o) o lcce] ro nake the
6]y ---7,’!- et el PaCOZ 40, |

R SELCH [ SHIEIMOUNTof strong base
needed. —

is determined from an eguation.
x|t is based on amount of Bicarbonate




Li'_ alkalosis

om,.)er Jerlor) for orleley c!(.ldf is

. K Excess SIVENOSSI01 r]YdfOC'r‘ﬁ Chloride in
' gastricac d by vemiting

“%Renal overproduction of bicarbonate

b %




DEWCIE

;3;-

o r

LOow levels of

e.l.r_:lr_lual';

Jicarbonat rnr* ab0|lC

‘Compensationior primary re;juii':'
alkalosis
. % *Diabe' Acldosis
. Lactic acidosis
*Chronlc CHERELTE




ﬂ

LQQ( cf\

o . &

Steps In Analysis

SISRHENS MBIl =aCidesis or a alOSlS?
MISHIENCOZ rienal?
3. Is 'Ehf—) HCOS ORI
4. I~'~_-’=-"' ar gomr)er Selbl O
5. hlch 1€ Miaic i'ru C o/ orF ICo3 with pH?
6 Does the CO2 or F go in the opposite
7. Are Pa02 and 02 saturation normal




\\ g'or ‘_;v‘_)ry |O f‘]\—‘ JO . I 't'ﬂf:‘ : ShOUId
P ange 0,08 ) zleit

| *60 IIO 5/0 {10=2
ﬂ=*zxoos = 0.1
e 4 — 0. 16': 1.24

*Therefore this is pure acute respiratory acidosis
without compensation




Chronic respiratoryele ,Sis

L INEREYSTHOIAGHEONF(C0S !

7« Does COZIHERChICHoNnIcC Qrmm ?

,.o, 0 =20/40EPHIN0B=0,06:
57.4-0.06=7.34"
Hc03 30 Be +4

*Therefore this is respiratory acidosis
with metabolic compensation




Casea.ail

L ANIZ2 K 2 yearreldiias b 2N rm mltted
vvlrn ,)n:*umomgn SANSHREURE d and
| rnrnmd |

The patients vermlrlror settil gs are

" APiP 24, PEEP'5, Rate 20, 50% Fi02 TV

*pH 7.28, PCO2 is 55 Pa02 70 HCO3 25




Ihis 1s acute respiratory acidosis
% This Is respiratory acidosis with
metabolic compensation

The patient has nyuu“m and
resplratorya




CASE TWO

LI 6 imonthiold male from the
iome Venuigerproegieniis admitted
o the no,.r)l_.gll WIBRGESaRUrations.

Vent settings: PIP 22 EEH D, rate

O F102 i" Mo U

8. blood gas is a follows:

*7.32, PCO2 66, PaO2 80







Conventiona. Ven: "L:r“rc '
changes <o er)rov' €0

1. Increase the ventilator res lratory

¥ e
Ir_l- ar:‘J

7. Icrease he tidal volume

+3. Change the I:E ratioc

Decrease the ventilator rate

~ xWhen there is breath stacking and
hyperinflation

* Example asthma patients




Blood Gas with Verislliidss

| Hjij L0O2
- Obstructed ET Tube
2 Hrlé‘llmf) orax I

-- e P tent Ductus niiale
L Arterp zdncrease expiratory
e pe——— ‘..r
¥ Correct underlying
problem

¢+ Right Main stem
~intubation




Respiratory ac]d IS

LJICOZNSHNUICERIVEIGIHIE min te
\/en”r]lrn”rion

\

»Tidal VelumENSESpIator / rrl
AS the'r InuLe venrngn_r.lor creases the
- pCo02 decrease |

*A iigh pC02 signifies a decreased
minute ventilation




Cio.ogy Respiratory ‘\ 40515

L ACINSIAEPNESSION
2 OBPSTIUCHVESIEEREPNER
ie_)jr/ Meoverit]eitiof)
¥ Lung and .-urw,-u / dl ase >
ARDS
Chronic lung disease of newborn




Respiratory audoJ

2 A High g€, s €og Usle O th a low
07 SUBEESEIIXEN rrur)lrgn_r.or\ failure
¥ Pa0, <C0IPECO/EE0
The rg!._r.lr*n e\ ePpPeal Ie 5 rglc, with
. poor respiratory effort.

. \

#The patient requires posutlve pressure
ve tilation by bag mask and may need
intubation with mechanical ventilation




Casedlilfs

| presents

»\,‘(,l_\ ']_)a'jpr'r \/\/]"jL "/']_)Q ] d Ebdﬂ
al r)am and

L0 the EDAVIEIres e
a_l__l_r.ng

h A’ﬁ il 27 Pa Oz 25 Pal 10

..... 1432, K 6.0, Cl 93, HCo, 11 glucose
730
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Choose frorm the 'foLLj: g

" This is primary respiratory |kaIOSIS
rfll',; S primary. metapolic ,ldOSlS
HJ S anion Q;«h ) me rl_.'UU..]__?;
_ 4 The aCo, matches tr
5. 2, 3, 4.
*6. 2,3




IS

Blrc.

VeV eEduIneENTionE i & Bﬂod Gas

2 ,'-\n'ion SapIINEEObE included

% Serum electioaesivillineed to be
 detern ned: -




Acidosis Cub

L </.2 3
zdCanproudicescadioyaseular, e splratory ;
CINSISYITIPLOIS

\A/oc.glrdlrll romragzm / ]:; im',f and
can Progressit y shock

*Respira IS WECOIME xeep and slow
"""" A CNS depress can lead to coma
*Hyperkalemia is potential complication




MetabolicyiElEl OS’-a"\'
» Dafirlition el Flegd g (o) )4 usually

gejeiiaeyyiin) oy ol
< Ca.u:,es IrEENNZIN/PES
LJ33 of rJ( 05

* rl_rf fleel

* Gain of
*Ingestion of acid

" *Ketoacidosis
“*|actic Acidosis
* Failure to excrete acid
* Renal failure \
A

L ]
™
LOMA LINDA UNIVERSITY




‘reat unaertlying cause

= Va I
- Fluids

'.ui"i‘rr)()]r' agents
_ '"t'b otics
HcOS —controversial




Metabolic alkalo-’;

Slvietanolic Alkalosis
- Excess alkali- cironic antacids
- Potassium depletion |
¢ Lo ss of Chiloride and retaining HCO3 J

>- there res Ulmury compensation?

~ ¢ Rare but patients can hypo ventilate and become
. ¥ pneic
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Anion Gag

ﬁ

Leseniim anion gap st useiul to eterrnlne
WHETHERE l)rl dEficiiIS caused by
addition Gl 8CiuIGIIGSS G bica rhonate.

Anion Gap: goJ HVENons 1 us the

egative 10ns ‘

¥ (Ne) - (CF + HCD;) = 6-12 mea/L




|..-

High anion gap metabolic acidos 511

M frierieigle]

U gepp) el

D DKA; AIUFEHES

L ‘”r'fr'ldr‘ﬂ\d e, proepoiol
kL lactate
*E ethanol
xS salicylates




Non anion gap meataboLiceefdssi

LAY PErENITIEEEEGN
,(,t_ g(\—Wg ZO1ININE:

YR 51 iugileir ciejeogis
P dla

wu Ul‘etOSlngid fistual- colon waste
CO;

*P pancreatic secretes bicarbonate

" ‘1




C

f\CJ 132- (93 +11) :
- This is metabolic acidosis with COor pensated
' eleva ‘anion gap acidosis p

~ Since the PC0, and HCO, are abnormal in the
~ same direction this is most likely a
metabolic problem




Casaul

10 year old CHD patient Wri
r,l.r..lmlura(_l for fever. Home medications
.."n'd./i(,lf': f_II"-HQ ic and (_Il';_«,'q_ in
pH7 8 PCO, 32 HCO, 19 Pe 0, 82
'-,\f a132K2 co3 19




Choose from the fdlloigs

I. This is a primary me 2&'.@0.];_
2. This 1s a acute respiratory

' al{,ﬁrl 0S1S
3 Thi 1s anion gap metabc ic acidosis
w ThlS is chronic respratory alkalosis
1,3,4
*6. 1,3,4




CaselBldE

JA'8 year old female with r;'rlr;_ renal
"'rll ure. Presented to the ED with
]/()nr A and fever.
pH 7.26 PaC o, 32, Pa0, 85, HCO, 16
. a 131 cl 1 .
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Metabolic acidosis with respiratory alkalosis,  non- anion gap acidosis 


e

Choose from the 'IOLLO_).\"-"@

LamIsNSTeNmixed metabolic 51 idOSls
A Espiretonelkelosis

2. ThiS;amiXEUNTIERaBNE ac OSIS and

| Fur)lrrrrory ciejelosis

3. This is ar 10N gap metalo [¢ aCIdOSIS

kﬁ[hus is non-anion gap metabolic

acidosis
*5. 1 and 4 above




r)

Choose fromataEnisll

IISHISTESPIRELOR acl dosis
2. rrllJ [STHESPINELOLY rlhwloJlJ

N r

% 3. This isimeteboliciacidosis
4 The ¢l angen rlQO matches CO,
" 3 i / above




Respiratory '\M«—llq; S

\)r/-\cu':_‘ ESPIREOT eIkl GSIS WI h PCO2
~~~~~ =305 pHE7E50ERKESENTS ac ll" alveolar
lYPEVERUIEEION

*US Iy increased Workior __hing
kSeenin —
" *Response to hypoxemia
#*Response to metabolic acidosis

CO2= (HCO3 X 1.5) + 8 (+ or - 2)
*CNS malfunction




|._.

Blood Gas with VeraltTdsEi

e Loy € yees] - Ireat
ZBI00UIGESIIE " Increase
~ #Venious/Cepiiany 0P

- # Low FiO2 » PEEHS

% Low/No PEEP Increase Inspiratory

| * - time
- XARDS




s et

11 7. 247 COZIGI 9028705 rlro 24 Be -3
pH iS aC ]dOJlJ '

CO2 is elevated |
espiratory failure

* Respiratory acidosis with a normal
Hco3

of




Respiratory acidodig

n i€ patient is not m_uoglzj the
ollowing ABG 1S seen
: Url /.04 PCO2 60 P02 70 HC 03 16 BE -13
' Due to tissueh ywm 2 patient changes
~ to ane eropic metanol un and generates
- lactic acid. S—
¢ NaHc03 decreases.

+ Now is metabolic and respiratory
acidosis







Other Gaus

Kerorlr Ido_)l
lo ver:

- * Dehydratio
“kSepsis
*Shock
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