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What useful information can we get from an ABG?

O

 Partial pressures of oxygen and carbon dioxide
 Acidity of the blood

» Bicarbonate levels and base excess

e Haemoglobin

» Electrolytes

e Lactate

e Glucose




How do we obtain the samples?

o Either direct stab
o From arterial line

o When taking use specific heparinised
gas syringe
o Eliminate bubbles from the sample

o Note, can use venous gas if not requmng
Oxygenat|on etc




Physiology

O

- Body depends on having strict control of acids/alkalis to
enable cellular processes to function normally

o Buf]fers = solutions that minimise changes in [Hydrogen
ion

Hydrogen ion
homeostasjs and blood .




Physiology continued

Buffers; @

o Bicarbonate — HCO3
o Haemoglobin

o Plasma Proteins

o Phosphate

o Calcium bicarbonate in
bones

JC\”

Acid/Base Blood Bu ff
‘old"HCO, C«) H,0 <> H.CO,
(Bicarbonate )/__/

emoglobin

HCO,

O Body acids; e
o Carbon dioxide (dissolve it
in acid = carbonic acid) = =

o Lactate | | ’

o
pH| 2 3 4 5 6 7 8 9 10 11 12 I

Acidic Neutral Basic




What is involved Iin acid base balance in the

body O

- The bicarbonate buffering system is especially key
as it mops up CO,;
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Compensation

O

» Ability of body to change the acid-base balance to
correct an abnormal pH

e Compensation will occur to correct a deviation

from the norm, respiratory is rapid, metabolic is
slow

Blood Acid/Base Balance ACID-BASE BALANCING BY THE KIDNEY
Henderson-Hasselbalch Equation: ApH * pH
pH = pK, + log[AT[HA] when [A] = [HA] then pH = pK, "/- .\ b
exhaled 1 t
L Pcoz ACID ALKALINE [HCO3]D
CO, + H,0 <= H,CO; «——> H'+ HCO; URINE URINE
nhydras:
Buffered by Hb
Lungs: used to regulate levels of CO, in blood.
Kidneys: used to regulated levels of HCO; in blood.
If-. Then... e el iy Red CallpH =72
respiration 7 (nyperventilation) co, ! N Ve . N . .
,eszi,ation Hicamiipenmny co 1 Thos] ™ TomM  Blood  PlsmapH=Te + The response of the kidney to acid-base imbalances is governed by
co,T H* % pH{ Bo_ mow  lmg Pama7e the relative magnitudes of proton secretion and HCO, filtration
CS',¢ Y H*d; pH T . DLESI neM) Capliry. RaiCeRph=r.s because these two factors affect the rates of acid and alkali
p! (acidic) respiration -
pH T (basic) respiration { excretion.
+If P rises, proton secretion becomes dominant and the kidney
Resplratory ac1d05|slalkaIOS|s hypoventilation = TCO2 = TH* = |pH = Acidosis excretes acid, raising blood pH.
cidc : TH* or loss of HCO, = {pH = Acidosis

+ If [HCO,], rises, HCO, filtration increases and the kidney excretes
alkali, reducing blood pH.




Lactate Production

Normally <immol/L

Produced when cells have
no oxygen - anaerobic
metabolism

In shock, poor perfusion of
cells leads to cellular
hypoxia - lactate as source
of energy

Good marker of
hypoperfusion and
resuscitation

Cellular Respiration Diagram

Anaerobic Respiration

Cytoplasm
LA / Alcoholic fermentation
CI6H1205 —{glycolysis — Bacteria, Yeast 2 ATP
glucose Lactic acid fermentation
Muscle cells 2 ATP

Aerobic Respiration

Mitochondria




Changes In acid base balance in pregnancy

O

o Increased respiratory rate causes
decreased PaCoO,

o Causes an alkalosis

o Alterations in bicarbonate levels and
chloride levels to compensate

o Reduced haemoglobin levels have a
minimal effect




Normal Ranges

opH = 7.35-7.45

o PCO, = 4.5 - 6.0kPa (35-45mmHg)

o Pa0O, = 11.0-13.1 kPa (in normal room
air)

o HCO; = 22-26mmol/L

oBE =-3-+43




How do we interpret ABG's

1. How is the patient?

Will provide useful clues to help with the interpretation
of the results

2. Assess the oxygenation
Is the patient hypoxaemic?

The PaO2 should be >10kPa (75mmhg) breathing
air and about 10kPa less than the % inspired
concentration (oxygen cascade)

PAD2 - Pa02 = A-a gradient

35-11= 24
35kPa
A-a gradient of (35%02)
mui::h >10 indicates .
AP twea NN
="




O

3. Determine the state of the pH
>7.45 = alkalaemia; pH<7.45 (H+ >45nmol 1)
<7.36 = acidaemia; pH>7.45 (H+ <35nmol 1 ~1)

Regulating Acid-Base Balance

oH
68 735 TAS e

Death Ackicsis MNormad Alkakasis Daath

pH scale
T T T T T T2 T T T 1T Thal

Ackix MNoutial Alaine
solution solution
(high H*) {low H*)




How do we interpret ABG's

4. Determine the respiratory component

PaCO, = >6.0kPa (45mmHg) respiratory
acidosis

< 4.5kPa (35mmHg) respiratory
alkalosis

5.Determine the metabolic component
HCO; = <22 mmol/l = metabolic acidosis (base excess <-2mmol)
>26 mmol/l = metabolic alkalosis (base excess>+2 mmol |)

Respiratory CO, increased CO, decreased
Metabolic HCO,/BE decreased HCO,/BE increased




Scenario 1

A 21-year-old G1 has had a fight with her boyfriend and has been hit
on the head. On the way to hospital she has become increasingly
drowsy and the paramedics have inserted an oropharyngeal
airway and given high-flow oxygen via a face-mask. An arterial
blood gas sample has been taken.

Step 1: How is the patient?

A SV 40% 02

B RR 8, Sats 99% on NRB mask

C brady at 46bpm, BP slightly raised 140/96, CRT normal
D Pain response only

E large bruise on right side of head with boggy mass beneath it;
fundus not yet measured, no PV loss

O O O O O O



O

» Arterial blood gas analysis reveals:

Inspired oxygen 40% (Fi0, 0.4)
normal values
PaO, 18.8 kPa > 10 kPa (75 mmHg) on air
pH 7.19 7.35 =745
PaCoO, 10.2 kPa 4.7 — 6.0 kPa
Bicarbonate 23.6 mmol 1! 22 — 26 mmol 1!
Base excess -2.4 mmol 1™ +/- 2 mmol I

e What are you going to do now?
e Step 2: Assess oxygenation
o Is the patient hypoxaemic?
o The PaO, should be about 10 kPa less than the % inspired concentration




O

Step 3: Determine the pH (or H* concentration)

o Isthe patient acidaemic; pH < 7.35?

o Isthe patient alkalaemic; pH > 7.45?

Step 4: Determine the respiratory component

o Ifthe pH < 7.35, is the PaCO, > 6.0 kPa (45 mmHg)? — respiratory acidosis

o Ifthe pH > 7.45, is the PaCO, < 4.7 kPa (35 mmHg)? — respiratory alkalosis

Step 5: Determine the metabolic component

o Ifthe pH < 7.35, is the HCO," < 22 mmol 1" (base excess < -2 mmol 1) — metabolic acidosis
o Ifthe pH > 7.45, is the HCO, > 26 mmol I"* (base excess > +2 mmol 1) — metabolic alkalosis

In summary, an acute respiratory acidosis with impaired oxygenation




An 18 year old G1, 35/40 pregnant who is an
insulin dependent diabetic is admitted to the day
unit. She has been vomiting for 48 hours and
beca}_use unable to eat, she chose to omit her
insulin.

How is the patient?

A Patent

B RR 35bpm Sp02 96% 4| O2 via mask

C 90/65 Pulse 130 bpm CRT 4 seconds

D CBG 30mmols. Her GCS is 12 (E3, M5, V4).

E Fundal height 34cms, long lie, ceph, free, Nil PV
Loss




Scenario 2 ABG
O

- Arterial blood gas analysis reveals:

- FiO, 0.3 (30%) estimated Normal Values

- pH 6.79 7.35 - 7.45

« PaCoO, 1.48 kPa (11.3 mmHg) 4.7 - 6.0 kPa (35-45 mmHg)
- Pa0O, 17.0 kPa (129.2 mmHg) > 10 kPa (75 mmHQg) on air

- HCO5 4.7 mmol I? 22 — 26 mmol |1
- BE -29.2 mmol Il +/- 2 mmol [-1
- Lactate 3mmol/I <2mmol/I

-« The blood glucose is 30 mmol I'1 and there are ketones+++ in
the urine

- What treatment is indicated?




- Breath Smells Like...
Gum

g )f - Tachycardia
/ - Hypotension
- Acidosis

IABETIC KETO-

- Kussmaul Respirations

- Thirsty, Dehydration

ACIDOSIS

Lack of Insulin

Onset Over ﬁ'“@

4_10 HOUI"Q Gl Upse;; Febrile lllness

Hydration

Insulin
: —3 Electrolyte
- High Blood Sugar (>240 mgl/dl) Replacemcnt
- Hyperkalemia
- Polyuria

‘!da ©2007 Nursing Education Consultants, Inc.




G2 P2 Post NVD with 2000mI| EBL.

6 hours postnatal, reported increased PV loss,
syntocinon infusion complete and fluid replaced.

A- SV on air

B- Resps 28 per minute Sa02 (air 96%)

C- Pulse 134bpm BP 88/54 CRT greater than 3
mins

D- AVPU (alert) CBG (BM) not done

E- Feels warm (temp 38.3C) PV loss moderate,
fundus well contracted, Urine output greater than
50 mls per hour



ABG 3

FiO2 Air

pH 7.12

PaCO2- 2.3.0kPa
Pa0O2- 16.0 kPa
BE -2

Lactate 1

O O O O O O

o Normal Values

pH = 7.35 - 7.45

PCO, = 4.5 - 6.0kPa (35-
45mmHg)

PaO, = 11.0-13.1 kPa (in
normal room air)

HCO; = 22-26mmol/L
BE = -3 - +3




o Although PV loss is stable she continues to
deteriorate on the next review (10 hours
postnatal)

o A- SV on 28% via humidified O2

o B- Resps 30 per minute Sa02 96% on O2 (had
gone down to 90%

o C- Pulse 140 bpm (sinus tachycardia on ECG)
BP 80/46 CRT 4 seconds

o D- Responds to voice

o E- Despite IVAB's, paracetamol (post septic
screen) Temp 38.6C Urine output 35mlis/hour



ABG 3

O

o Current ABG: o (Four hours earlier)
o FiO2 (28%) 102 Air

o pH 7.0 o pH 7.12

o PaCO2- 1.6kPa o PaCO2- 2.3.0kPa

o Pa02- 18.0kPa o Pa02- 16.0 kPa

o BE- -4 o BE -2

o Lactate 4 o Lactate 1




Sepsis physiology and changes

O

SEPSIS CLINICAL CRITERIA
INFECTION CHANGE IN:

@ E + gEPSlS-RELATED n“Y RED Fl“GS,“ T“l“k SEPS|S!
e —>- ¢ /ﬂﬁ\ Heart rate ("}
) f\;’s'-:sﬁdsm ) >2 ‘\,-\;}{ ,;’ HR >130 9
X Lactate Purpuric rash Supplemental O2

requirement - to
maintain Sa02
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Treating sepsis: the latest evidence

@ Vasopressors @ Enteral @ Insulin
1-6 hours after feeding therapy © Deep
@ Antibiotics onset sedation
Early administration ® Norepinephrine
(@ Epinephrine
_ © Molecular
S i
everal liters initially therapies
@ Colloids
@ Crystalloid
© Lung
€ High chloride protective
ventilation
@ Goal oriented
therapy
Designed by:
Will Stahl-Timmins
© EGDT .

Early goal directed
therapy




Hyperventilation Picture

O

* Seizures o Lethargy & Confusion

* Deep, Rapid
Breathing (8 ’ * Light Headedness
* Hyperventilation | o Nausea, Vomiting
. Tachycaruiar = ‘
¢ dor Normal BP SIS e sl © Cauvses;
® Hypokalemia v J :x :g.‘::.-}

Mechanical Ventilation

* Numbness
& Tingling of Extremities

-C.‘l."ho—g'w L— e -




Resp and metabolic alkalosis




In summary

O

e Use a systematic approach to interpretation of ABG’s
assessing the respiratory and renal component.

ABG pH PaCO2 |HCO3
Respiratory normal
Acidosis ‘.' '
Respiratory normal
Alkalosis I l

Metabolic normal

Acidosis l lv
Metabolic normal

Alkalosis I I




