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Neden kan gazi analizi?

e Oksijenizasyon ve ventilasyonun
degerlendirilmesi

* Asit-baz dengesini degerlendirmek
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Oksijenizasyon ve Ventilasyon



Hipoksi vs Hipoksemi

* Hipoksi:
— Aerobik metabolizma icin ihtiyac duyulan oksijenin
kullanilamamasi
* Hipoksemi
* Anemi
e Dishemoglobinemi
* Sitotoksik hipoksi
* Hipoksemi:
— kandaki oksijen miktarinda disme



Oksijenin dagitimi

Kanda ¢6zliinmus serbest %1,5 Pa02 (AKG)
oksijen
Hemoglobine bagh oksijen  %98,5 Sp02 (pulse)

Sa02 (AKG)



A-A gradiyent

P,02= [F.02(P.-PH20)] — (PaCO2/RQ)
P,02=[0,21(760-47)] — (PaC02/0,8)

P,02 = 150 — (PaC02/0,8)

P,02 = 150 — (PaCO2 X 1,25)

A-a gradiyent = P,02 — Pa02

Normal A-a gradiyent = yas/4 + 4

F.02 =0,21 +[0,3 X verilen O2 akimi (L/dk)]



* A-a gradiyent normalse
— Hipoventilasyon
— Dusuk atmosfer basinci
* A-a gradiyent artmissa
— V/Q uyumsuzlugu
— Sant (02 yaniti zayif)
— Yetersiz diflizyon



Asit-Baz Dengesi



Asit-Baz Dengesi

* Net asit Uretimi = Net Asit eliminasyonu

* Ucasama
1. Asit uretimi
2. Asit transportu (kan)
3. Asit eliminasyonu (akcigerler ve bobrekler)



Asit Uretimi (fizyolojik)

Karbonhidratlar, CO,
Yaglar (Volatil asit)
Proteinler H,S0,
(Non-volatil asit)
Fosfolipidler H,PO,
(Non-volatil asit)




Asit Uretimi (Patolojik)

Kontrolsiiz diyabet,
Aclik

Hipotansiyon,
Hipoksi

CcO
Zehirlenmesi

ilaclar/Toksinler
(Aspirin, INH, AZT,
siyanit...)

Etilen Glikol
Zehirlenmesi

Metanol
Zehirlenmesi

Y/ N N\ Y

Yetersiz O,
dagitimi

Oksidatif
Fosforilasyonun
inhibisyonu

Karaciger
Hastalig

~S

Anaerobik
metabolizma

/I

Yetersiz
laktat
klirensi

>

Asetoasetat
B Hidroksibutirat

Laktik asit

Glikolik asit
Glioksilik asit
Oksalik asit

Formik asit




Asit transportu

Karbonik Anhidraz

CO, + H,0 — H,CO, = HCO, + H*

Ekstraseliiler Intraseliiler

HCO, / CO, Organik fosfatlar
(2,3-DPG, ATP gibi)
HPO,? /H,PO,
Hemoglobin
AlbUmin



[HCO3-]
0,03 x P,CO,

pH = 6,1 + log

Anormallik Kompansasyon
HCO;™ p,CO, T
HCO; P,CO,
p.CO, ™ HCO,™ 1

P.CO, | HCO,



Arter Kan Gazi Analizi

e Adim 1: pH

— pH < 7,35 ...Asidemi (en az 1 asidoz tablosu)
— pH > 7,45 ...Alkalemi (en az bir alkaloz tablozu)

pH: 7,25 / PaCO2: 60 / HCO3: 26

Asidemi



Adim 2: P_CO,

— pH ile ayni yonde degisiklik varsa asit-baz
bozuklugu metaboliktir,

— pH ile zit ydnde degisiklik varsa asit-baz bozuklugu
solunumsaldir

pH: 7,25 / PaCO2: 60 / HCO3: 26

Solunumsal



 Adim 3: Kompansasyon

— Kompansasyon genellikle pH’I tamamen normale
getirmez

— Hicbir zaman over-kompansasyon olmaz
— Solunumsal kompansasyon 1-24 saatte

— Metabolik kompansasyon 12 saat- 5 glinde
gorular.



Primer Bozukluk Kompansasyon formiilii

Metabolik asidoz PaCO2=1,5x(HCO3) +8
(Winters’in formila)

Metabolik Alkaloz PaCO2 =40 + [0,7 (HCO3 - 24)]

4 4 (PaC02—40)

Solunumsal asidoz Akut: HCO3 = 2 -

4  (PACO2 = 40)

Kronik: HCO3 = 24 + 5

Solunumsal alkaloz Akt HCO3 = 24 2 x Eac02=40)
10

(Paco2 — 40)

Kronik: HCO3 = 24 - 5 x T




 Adim 4. Anyon acigi

— Artmis anyon acigi genellikle patolojik asit
Uretimini isaret eder

— Metabolik asidoz varliginda mutlaka bakilmahdir



[Katyonlar] [Anyonlar]

MaKf]leszlyﬁm Olgiilmeyen
P%oteitmler katyonlar , Fosfatlar
K+ 4 Olciilmeyen [y & Sulfatlar
anyonlar Proteinler
T Anyon acigi
HCO,
24
Na*
Cl-
140

Anyon acigl = [Na*] — {[CI'] + [HCO,]}

Normal araligi: = 8-12 mEq/L (lab spesifik)




* HipoalbUiminemi

AGdUzeItiImig = AGhesapIanan T 2'5(4 - [Alb])




Adim 1. pH: Asidemi

Adim 2. PaC0O2: Metabolik asidoz

Adim 3. Kompansasyon:
PaCO2 =1,5x (HCO3)+8=29
Evet kompansasyon uygun

Adim 4. Anyon acigi:
Anyon agig1 = [Na*] — {[CI'] + [HCO,]} = 10 mEq/L

Normal Anyon Acikli Metabolik Asidoz



58y, E, bilinen DM ve KBY hastasi. 2 saat 6nce ani
baslayan nefes darligi sikayeti ile basvuruyor.

pH: 7,42 / PaCO2: 20 / HCO3: 14
Na:135/ K:5,6 / Cl:114 / BUN:24 / Kr:1,9/ Glu:223

Adim 1. pH: Alkalemi

Adim 2. PaC0O2: Solunumsal alkalemi

Adim 3. Kompansasyon:

HCO3 = 40 mmHg altindaki her 10 mmHg PaCO2 icin
2 mEg/L cikarilacak = 20

Hayir kompansasyon uygun degil, ikinci bir problem
var.......... Metabolik asidoz

Adim 4. Anyon agigi:
Anyon agig1 = [Na*] — {[CI'] + [HCO]} =7 mEq/L

Solunumsal Alkaloz + Normal Anyon Ac¢ikli Metabolik Asidoz



58y, K hasta bos ilag sisesi ile birlikte bilinci kapali
bulunmus.

pH: 7,09 / PaCO2: 34 / HCO3: 11

Na:135 /K:5,3/ Cl:112 / BUN:25 / Kr:2,8/ Glu:147 /
Alb: 2,0

Adim 1. pH: Asidemi
Adim 2. PaCO2: Metabolik asidoz

Adim 3. Kompansasyon:
PaCO2=1,5x(HCO3)+8=24,5

Hayir kompansasyon uygun degil, ikinci bir problem
var.......... Solunumsal asidoz

Adim 4. Anyon acigi:
Anyon agig1 = [Na*] — {[CI'] + [HCO,]} = 12 mEq/L
AGdUzeItiImi§ = AGhesapIanan + 2'5(4 — [Alb]) =17

Artmis Anyon Ac¢ikli Metabolik Asidoz + Solunumsal Asidoz



The Delta Ratio

(Lecture 6)

Delta Ratio

AGadjusted = AG‘normal

h I"lco3-normal i l"|(:()3-measured J

Pathologic Process

Lactic Acidosis

Expected Ratio

Measured Delta
Ratio

1.6 (1.0 - 2.0)

(Initially starts at 1.0, then
increases with time)

Ketoacidosis

1.0 (0.8 -1.2)

(Unless |GFR, in which case

ratio may be higher)

Pathologic
Disorder(s)

Lower Than
Expected Range

Elevated Gap
Metabolic Acidosis
+ Normal Gap
Metabolic Acidosis

Within Expected

Kidney Disease

Variable

(Depends on extent of tubular

damage relative to | GFR)

Range

Elevated Gap
Metabolic Acidosis
Only

Methanol, Ethylene
Glycol Ingestion

Unknown
(Probably 1.0-2.0)

Higher Than
Expected Range

Elevated Gap
Metabolic Acidosis
+ Metabolic
Alkalosis




Etiologies of Abnormal Anion Gap Unrelated to a Metabolic Acidosis

High Anion Gap Low Anion Gap

Metabolic Alkalosis Hypoalbuminemia
Hyperphosphatemia T K* /1 Ca*2 | f Mg*2

. . - - + . .
Anionic Paraproteinemia Severe Li* Intoxication

Bromide Ingestion

Cationic Paraproteinemia




Patterns of Mixed Disorders with Normal pH

(Lecture 7)

Mixed Disorders

Respiratory Acidosis +
Metabolic Alkalosis

Respiratory Acidosis +
Metabolic Alkalosis +
T Anion Gap Metabolic Acidosis

Respiratory Alkalosis +
Normal Anion Gap Metabolic Acidosis

Respiratory Alkalosis +

T Anion Gap Metabolic Acidosis *
other Metabolic Disorder

1 Anion Gap Metabolic Acidosis +

Normal|iNoimal Metabolic Alkalosis




Approach to an 1 Anion Gap Metabolic Acidosis

Check ABG to confirm
presence of acidosis

Acidosis

Check lactate & ketones

Both
normal

v

Check renal function

(Lecture 8)

No acidosis | Consider causes of

T AG wlo acidosis

! Lactate Evaluate for

Systemic

Regional

Dx: Shock

hypoperfusion

I Ketones Check glucose

None

Dx: Bowel infarct. or
limb ischemia

and alcohol hx

GFR < ~40 and AG < 20

Glucose 2 250

Dx: Consider med side effect,
toxin, or malignancy

+ sig. EtOH hx

)| Dx: DKA |

)l Dx: AKA I

GFR > ~40
and/or AG >20

Check osmolal gap

Osmolal gap 2 20

Dx: Renal failure I

OG<201

Dx: Consider rare etiologies such as 5-oxoprolinemia and D-
lactic acidosis, and late presentation of methanol tox.

Dx: Toxic alcohol




Approach to a Normal Gap Metabolic Acidosis

(Lecture 9)

K* nl or low,
Urine pH <5.3,
UAG low or negative

Gl Cause

Dx: Diarrhea
Ureteral Diversion
Pancreatic Drainage
Laxative Abuse

If patient receiving saline infusion,
either stop or switch to LR.

!

Did acidosis resolve?

lNo

Is Cr clearance < 40mi/min?

Yes
—— Dx: Excess NaCl

Yes
— Dx: Renal Failure

lNo

Assess serum K*, urine pH

and urine anion gap
K* nl or low, K* nl or low, K* high, K* very high,
Urine pH >5.3 Urine pH var. Urine pH <5.3 Urine pH <5.3
UAG high UAG low or neg. UAG high UAG variable
v v v v
Dx: Type 1 RTA Dx: Type 2 RTA Dx: Type 4 RTA Dx: T K*




Approach to a Metabolic Alkalosis

(Lecture 10)

Assess Volume

Status
Low Normal or
/ \High
Assess History Assess BP and K*
BP nl BP nl
BP ’ ’
l : / LK l \ K* nl
Dx: Contraction Alkalosis Dx: Mineralocorticoid Dx: Hypokalemia Dx: Exogenous Alkali
Diuretics Excess Milk-Alkali
Vomiting
NG Suction '
Bartter / Gitelman I aldo, | renin

/ »| Dx: 1° Hyperaldosteronism
aldo, 1 renin
1 1 >

Dx: 2° Hyperaldosteronism
Measure Renin &

Aldosterone

nl aldo, nl renin

Dx: Cushing’s Syndrome

| aldo, | renin Dx: Exogenous Steroids
> Licorice Ingestion
Liddle Syndrome




Etiologies of Respiratory Acidosis
(Lecture 11)

Obstructive Lung Disease: COPD / asthma

Drugs: alcohol, narcotics, benzodiazepines, “non-benzodiazepines”,
antihistamines, gabapentin, various antidepressants and antipsychotics.

Various Brainstem Lesions
Obesity-Hypoventilation Syndrome

Central
Hypoventilation

Central Hypoventilation Syndrome (a.k.a. “Ondine’s Curse”)

Spinal Cord: trauma, infarction, transverse myelitis, multiple sclerosis
Nerves: Guillain-Barre syndrome, polio, diaphragmatic paralysis

Neuromuscular Junction: myasthenia gravis, paralytics, organophosphates,
T Mg*?, botulism

Muscles: polymyositis/dermatomyositis, muscular dystrophy, critical illness
myopathy, |K* |PO,, hypophosphatemia, hypothyroidism, malnutrition

—
T
e
S
Q
n
3
£
~
S
o
<

| Lung Compliance: ILD, ALI/ARDS, pulmonary edema
| Chest Wall Compliance: kyphoscoliosis

Poor Resp.
Compliance

Hypermetabolism (1 \°/COZ): extreme fever, prolonged seizures, hyperalimentation




Approach to a Respiratory Alkalosis

(Lecture 12)

L:V

Hypoxemia

l

Consider causes
of hypoxemia

Assess
Oxygenation

\N‘ormal

Is significant
pain/anxiety present?

Yey No
Respiratory

alkalosis still
Treat pain/anxiety present »| Evaluate for PE
and reassess
Respiratory
alkalosis
resolved PE absent PE present
Disorder Resolved B Conslder-rare Dx: Pulmonary

etiologies such as
progesterone excess
and CNS lesions

Embolism
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