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Introduction to ABG

Basics:

» CO2 + H20 — H2C0O3—> H (+) T HCO3 () ..... (And vise versa).
By the effect of Carbonic anhydrase enzyme which acts in both directions

This equation represents the buffer system of acid base status in the body.

» H=acid (+
» HCOS3 = base (-) or alkali

> PH : is the value that reflecting acid base status

Normally the blood and body fluids are neutral (i.e the media is not acidic or alkaline)
Because there is balance between Acid and base values

Acid: represented by H" or CO2"
Base or alkali: represented by HCO3"

< So Normal PH value ranges from: 7.45 - 7.35
- PH<7.35 ----> Acidosis
- PH>7.45 ----> Alkalosis
** Control of Acid base status:
» There are 2 major systems which are responsible for Control of Acid base status:
~Respiratory System Vs Metabolic System.”
Respiratory system is "Rapid"
I- Respiratory System which is composed of:
A) Lungs (ventilation): bronchial tree + Gas exchange unit (Alveolo- capillary unit)

B) Respiratory muscles which are responsible for Inspiration & Expiration process (help lungs
mechanically).

Muscles + NMJ + Nerves.
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C) Respiratory centers:

I.  Central control ( brain stem)
Central chemoreceptors which are responsible for monitoring of CO2 level in blood.

It controls CO2 level by stimulation or inhibition of respiratory muscles, according to the state
of Acidity or Alkalinity of the blood.

% If media is acidic (1 H") ---> elimination of H+ by elimination of CO2 ----> CO2 wash --
> by stimulation of resp muscles --- >Hyperventilation or Tachypnea.

Result: | PaCO2 = induction of alkalosis by respiratory system
W\

Respiratory alkalosis

& If media is Alkaline (| H) ---> addition of H by CO2 retention ---> by inhibition of
respiratory muscles ---> hypoventilation or Bradypnea.

Result: PaCO2 1 = induction of acidosis by respiratory system
W

Respiratory Acidosis

1. Peripheral respiratory center: ( chemoreceptors in carotid bodies)

Which are responsibe for O2 monitoring in blood

& If there is | in blood O2 = hypoxia or hypoxemia ---> stimulation of respiratory muscles
---> [ncrease ventilation for O2 compensation (get more O2) to correct O2 in blood
---> |f still not corrected ---> more stimulation of respiratory muscles
--->Hyperventilation or tachypnea ---> unwanted CO2 wash ---> |PaCO2

4

Respiratory alkalosis

& Mild hypoxia --> normal PaCO2 level ( Normocapnea)

& Marked or prolonged hypoxia -- > low PaCO2 ( hypocapnea)
+ Hypoxia + respiratory alkalosis = Hypoxia + Hypocapnia

LA
[Type 1 Respiratory Impairment]
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II-  Metabolic System which is composed of : Kidneys ( mainly)+ buffer system

A) Kidneys (slow)
Kidneys are able to control acid base status by the following mechanisms

1) Bicarbonate reabsorption via tubules

I1) Secretion of H™ in urine

So,
& If there is an acidosis, the kidneys will correct this condition by induction of alkalosis

>1reabsorption of HCO3 --> 1 HCO3
W\

Metabolic alkalosis as compensation
>Secretion of H in urine to 1 acidity
& If there is an alkalosis , the kidneys will correct the condition by induction of acidosis
--->|reabsorption of HCO3 --> |HCO3
W\

Metabolic acidosis as compensation
B) buffer system ( weak)

It acts only in acute respiratory abnormalities (acidosis& alkalosis) to compensate for acidity or
alkalinity because the kidneys are slow organs
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Oxygen Status:

+ 02 is present in blood in 2 forms

a) O2 bound to HGB - expressed in O2 saturation
- Value (> 95 %)
b) Free O2 in blood - it has PaO2 (Partial pressure of arterial O2)
- value (80 - 100) mmHg

+ Hypoxia means O2 saturation < 95% and/or PaO2 < 80 mmHg.

CO2 Status:

It is the product of catabolism.

- PaCO2 (partial pressure of arterial O2)
- Value : 35 - 45 mmHg ~ median 40
- PaCo02 reflects the RESPIRATORY SYSTEM (ALL PARTYS)

+ PaCO2 = CAPNIA state

& if PaCO2 is higher than normal or expected 1 = high H+
> This means Hypercapnia or Respiratory acidosis.

& if PaCO?2 is lower than normal or expected | = low H+
> This means Hypocapnia or respiratory alkalosis.

It represents the base status
It presents in blood and in intestine

+ It reflects the Metabolic System ( kidney and Buffer system(
- Normal value (22 - 26) mmHg With median ~ 24

& 1f HCOS3 is Higher than normal or expected 1 --> excess base = alkali — metabolic
alkalosis.
& If HCO3 is lower than normal or expected | --> Low base= acid --> metabolic acidosis.

*hkkhkkkkhkkhkkkhkkhkkhkkhkkhkkhkkhkkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkikikik
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Compensation

dagd e 1N
If there is Pathology in "Metabolic system" It would be compensated by "Respiratory system"
and VICE VERSA
Examples:

A} if there is a pathological metabolic process causing low HCO3
So, it leads to acidosis (Low PH)

JHCO3 : | PH (ol (& am 5 ))
The Type of Acidosis here is Metabolic and hence it is the original problem so, it is
"primary metabolic acidosis”
< It will be compensated by respiratory system |||
Lowers Acidity (| H+) or induction of alkalinity by |||

CO2 wash or hypocapnia or Respiratory alkalosis

PH |: HCO3 |: PaCO2| (il LedS agull)
.Only abnormality J b S simple o555 Wl (primary metabolic acidosis) J 8 Jaw 4lS

+ Conclusion:
Primary simple Metabolic acidosis because it lowers PH

And compensated with Respiratory alkalosis

3% ok 3k 3k 3k 3k ok ok 3k ok ok 3k 3k ok 3k 3k ok 3k 3k ok 3k 3k ok ok 3k 3k ok 3k 3k ok 3k ok ok 3k ok ok ok ok ok ok ok %k

B} if metabolic process causes high bicarb (1 HCO3) --> high PH (alkalinity)
--- > primary metabolic alkalosis

< It will be compensated by |||
Respiratory acidosis (adding H+ or acid) ... 1PaCO2

PH1: HCO3 1: PaCO27 (G4 WS agusVY)
simple ¢S5 W primary metabolic alkalosis J) (2 3w 4IS =
+ Conclusion :
Primary simple Metabolic alkalosis as it increases PH value

And compensated by Respiratory acidosis
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C) If there is a primary pathological respiratory process that causing Excess CO2

W
Respiratory acidosis --> High PaCO2 ---> high H ---> low PH

1PaCO2 --> | PH (sbai¥l b iamy (uSe )

% It will compensated by | |

Metabolic alkalosis by adding base (high HCO3)
PH |: PaCO3 1: HCO31
(OeS HCO3 Jis PaCO3 olail LuSe PH JI (8 agall olail )

< Conclusion :

Primary simpe Respiratory acidosis as it decreases PH value and it

Compensated by Metabolic alkalosis

3% ok 3k 3k 3k 3k 3k 3k 3k 3k ok 3k 3k ok 3k ok ok 3k ok ok ok 3k ok ok ok 3k ok ok 3k ok ok ok ok ok ok ok ok ok ok ok ok ok

D} if there is a primary respiratory process that causing low CO2

%)

Low CO2 = respiratory alkalosis
-->Low H --> alkalinity = high PH
PaCO2 | : PH?

(e (sSe agul))

% It will be compensated by

Lowering base level=low HCO3
PH 1: PaCO2 |: HCO3]
< Conclusion :
Primary simple Respiratory alkalosis as it increases PH value and it is

Compensated by Metabolic acidosis
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SUMMARY (Aadilly

& To read the acid base abnormality
Look at PH
A) If itis low (< 7.35)
Acidosis

Which is the primary process?

N

Metabolic (| HCO3) Respiratory (1 PaCO2)

% IfHCO3 | and | PaCO2
Diagnosis

Primary metabolic acidosis with respiratory compensation

% if PaCO2 1 and HCO31
Diagnosis

Primary respiratory acidosis with metabolic compensation

% Finally if PaCO2 1 and HCO3|
Both causes acidity

So Diagnosis

Is mixed Respiratory acidosis + metabolic acidosis
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B) If PH is high (> 7.45)
Alkalosis
Which is the primary process?

—

Metabolic (1 HCO?3) Respiratory (| PaCO2)

% If HCO3 1 and PaCO21
Diagnosis

Primary metabolic alkalosis with respiratory compensation

% if PaCO2 | and HCO3|
Diagnosis

Primary respiratory alkalosis with metabolic compensation

& Finally If PaCO2| and HCO31 (Both cause alkalinity)
Diagnosis

Mixed respiratory alkalosis and metabolic alkalosis

C) If PH ranges from 7.35 - 7.45

& If PaCO2 is in normal range ( 35-45) and HCO3 is in normal range( 22-26)

Diagnosis

Normal ABG

& But if PaCO2 and/Or HCO3 are not in normal ranges

— T

& ifPH<74 S IfPH>7.4

Same pathway of Acidosis Same pathway of alkalosis
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Example: (1)

Patient 50 years old came to ER with confusion and rapid kaussmul breathing

His ABG shows ¥ ¥ ¥

PH: 7.21 Pa0O2: 81
HCO3: 12 SPO2: 95%
PaCO2: 25

ABG J

Tl Hed

PH: 7.21
7.35 0 B8 iy
acidosis (i

ACidosis J) sias Ca i (nysle 05 2xy
s da
Metabolic (low HCO3)
¥
Respiratory (high PaCO2)

Lia
HCO3: 12 (< 22)
Low
0l (Au
Metabolic acidosis

Js
PaCO2: 25 (< 35) low
Loss of acid = by CO2 wash ---> respiratory alkalosis

e@-u‘z’\ P
PH: HCO3: PaCO2

Lo !

[ D 4l aiy yla ) il LS gl
RPN | Y
Diagnosis: Primary metabolic acidosis compensated by respiratory alkalosis
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Example: (2)
60 years old man came to ER with confusion and cyanosis
ABG shows ¥ 7¥7¥

PH: 7.15 PaO2: 46
HCO3: 28 SPO2: 78%
PaCO2: 80

Diagnosis: Primary Respiratory acidosis with metabolic compensation
Example: (3)

47 years old man presents with repeated vomiting

ABG shows ¥ ¥ %

PH: 7.51 PaO2: 83
HCO3: 32 SPO2: 96%
PaCO2: 50

PH: 1 >7.45
HCO3: 1 >28
PaCQO3: 1 >45
25 (398 LelS agaV!
Diagnosis: Primary metabolic alkalosis with respiratory compensation

Example: (4)

59 years old woman presents with acute onset of dyspnea & cough , and diagnosed to have
COVID-19 infection by CT chest

ABG shows ¥ ¥ ¥

PH: 7.49 PaO2: 62
HCO3: 17 SPO2: 84%
PaCO2: 26

Diagnosis: Respiratory alkalosis with metabolic compensation
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Example: (5)

60 years old diabetic man with history of COPD came with rapid kaussmul breathing and
excessive urination & dehydration , confusion

ABG shows ¥ ¥ ¥

PH: 7.1 Pa02: 72
HCOS: 9 SPO2: 90%
PaCO2: 57

PH: low --> acidosis

HCO3: low --> metabolic acidosis

PaCO2: high --> respiratory acidosis

Both cause acidity
This lowers PH

Diagnosis: Mixed respiratory acidosis with metabolic acidosis
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All what you need to know bout

Metabolic acidosis

\PH (7.4): |HCO3(<22): |PACO2 (<35)

simple .08 Ll Alla 8 (4lli LIS L6 )Y ) Cnil LIS ag i)

** Causes:

Acidosis is either High Acid or low base
Hence, it is metabolic, so causes are of metabolic sources:

A) High acids (H+)

|- Endogenous :

1) DKA : ketone bodies ( acetoacetate)
2) Renal failure ( excess phosphoric acids, uric acids )
3) Lactic acidosis : ( Excess lactic acids)

[Causes of lactic acidosis: any type of shock, Sepsis, metformin toxicity].

I I-Exogenous : Toxicities
1) Salicylate toxicity.
2) Ethanol toxicity.
3) Methanol toxicity.

4) Ethylene Glycol toxicity.

Causes of High acids are the same causes of "HIGH ANION GAP METABOLIC ACIDOSIS"
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B) Low Alkali (HCO3 loss)
Causes
* GIT loss (Diarrhoea)
* Renal Tubular acidosis (Renal 10ss)
* Adrenal insufficiency (acute or chronic)

Also due to renal loss of HCO3 due to low steroids & aldosterone which control HCO3
reabsorption in renal tubules.

Causes of low HCO3are the same causes of "NORMAL ANION GAP METABOLIC ACIDOSIS"

sk sk sk st st st st st sk sk sk sie sk sk sk s sk sk sk sk sk sk sk sk skeosk sk sk skeoskeoske skeoske sk sk skeosko sk skoskeoskeososioste stk siosteo st skoskeosieoskeoskoskosieoskoskoskosk sk

A5y el ghall Jesia
s oY) o ghadl)

Compensation
Compensation: to detect if it is simple (pure metabolic) or mixed.
Waxy Mo ghaall te Al 5 e aaie agdll Cia compensation J g sa se i ol ads sl
J sl Jgha e o sha U ABG J) 4 metabolic acidosis 4 o) (adii L ang**

Compensation

Winter's Formula teeu! dalas 35k o
As we have | HCO3 due to "Metabolic acidosis"
So, compensation will be Respiratory
By change in PaCO2
So, will will calculate
Expected PaCO2.

Expected PaCO2 = 1.5x HCO3 + 8 [£2]
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(e aa Al 28l el range J) oadd B als clald AN ABG JI 8 PaCO2 Jl pd ) adla 515 (52 adabaall il
SRR PLEPA(

z 6 u\ d}s.i J.ﬁ} XS
Primary simple metabolic acidosis
With appropriate respiratory compensation

¥ partial compensation ¥ full g2 <25 e 8 v
PHJ JAe s
full 25 7.40 -7.35 (e Ll

partial &5 7.35 (e J8
Example
Patient with ABG containing

PH:7.27 HCO3: 12 PaCO2: 25
4y
acidosis2S PH | ¥y
&5 HCO3 | J) Wi

Primary metabolic acidosis

respiratory alkalosis &5 PaCO3 | QG

£ Y Y5 compensation Jad sa Ja o gll e v/

winterd Aalae Cuuala

Expected PaCO2 =12 x 1.5 +8 [+2]
=18 + 8 [+2].
=262
=24-28
28 524 omlerange J) (A rasin S 25 (i el A PaCO2 J)pd,la v
K oxic lall o)) olizaoag
Primary simple metabolic acidosis
With appropriate respiratory compensation...

€ PHU Jo ol oX oy v

compensationd! ¢ s (85 7.35 (e J8I La
Partial respiratory compensation.
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¢ e Yo €0 g yall g PACO2 JI ad ) oa JUAll 8 Jidi cula v/
Expectedd range c» e 43l slina o2
Excess CO2 sliza 03
compensationdb 483le (i slle 035 Jaally
respiratory acidosisd) <ils )3 (e 4a yoedie (ay yall ol Ao Janeag
respiratory systemd! & 4als asis

respiratory compensation ¢e s

43 gidl range J! 2 Expected PaC0O2 J) alkay o 5¥ Al

Agansi 535 s U Q) L L s La (55

Mixed metabolic acidosis + respiratory acidosis

ek e e ek ek ek ek
Respiratory acidosis 4 ¢S glie o dadde JSI ) (g jiall v
Instead of respiratory alkalosis
.. 03 JUall & metabolic acidosis g
45 x o) PaCO2 pd ) (A p Y O dedia S
PaCO3 .J g% high J! range Jis expected JI a8 » aSaiy Ual
K oxic o Alall A (g pall By

Mixed metabolic acidosis + respiratory acidosis
For Example:

Patient known COPD with baseline PaCO2 > normal, develop renal failure
¥ “5ABG
Mixed metabolic acidosis +respiratory acidosis
respiratory system J) 8 4: 4l 48 (o)) oliza 035 v/
Ot ke Zliad s (i Sile Gl Ll Jglad = 3le daalise (ESLe o)) JBYI e o) Lgallad 5 Lgallai o 3Y

Allall ¢ st s DU ventilator J) )
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¢ M Yo 02 s pall A PACO2 J) 4w il cula v/
Expected PaCO2 J range ¢» J8l Ll oliza 03
daleall 8 L L (5 ) Y€ e 81 LY
excess CO2 wash 4 () sliza 03
compensation (i« o2 (A a P (e 20y )
alkalosis o2 &n Yo Jl <a’i PaCO3 Wil o) Jidde S o ia g jiall v
compensation
adabad) (e 4pmaty M expected PACO2 JI pd s pSaiy sl W8 e (5 ¢c Lk Y
respiratory system Jl 8 4l 4lSiia olaa 63 Ay
respiratory alkalosis 4lle
Alaxi g jhe (A e ealy )
Ua ad
Mixed metabolic acidosis + respiratory alkalosis
respiratory alkalosis Jsle (U Ao ) saia Bal o slizaoay v/
S 4aallas s metabolic acidosis J e allal) 4
Example:

Patient has DKA + pneumonia (cause of respiratory alkalosis)

.L"byu-'aj elalal) ‘_Aj\ aalall :\:\AM C._,.alq DJS_U 0:0
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(123 daga) Aill) o gladl)

Estimation of Anion gap

AG = Na - [CI+HCO3]
Normal: 10 - 14

%ﬂfAG — ]

VLY iy

1) DKA: PH< 7.3

%, Suspect if
dehydration, dry tongue, skin,Polyuria , confusion ,
Rapid breathing (kussmaul), abd.pain, vomiting
Known Diabetic esp T1DM,young patient
Predisposing factor [infection, fever, Ml, stroke, missed insulin].
%, Next step
Random blood glucose > 250 + acetone in urine
Other labs & imaging according to case
Tt
1. ABC( airway, breathing, circulation)
2. ER room : give 1 L saline bolus + 10 units' regular insulin IV
Then W

3. ICU or special unit

o Fluids: 1L Nacl /1 hr, then 1 L/2hr then 1 L/4 hrs.

o K:check K
e if <3.5give 40 m.mol (4 amp
e |f3.5-5.5give 20 mmol( 2 amp)
o If>55don'tgive K
Insulin: give regular insulin by infusion( syringe pump)
e unit/ Kg/hr
e target BG reduction is 50 - 100/ hr
o When BG reaches <250 Give Glucose 5% 1 L /8 hrs
Don't give Bicarb unless PH is <7
Ttt of predisposing (infection, Ml, stroke
Improvement if PH > 7.3, HCO3 >18
Normalisation of anion gap, no dehydration--> Change to Subcut.
Insulin protocols.
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2) Renal failure

%, Suspect if
- known CKD
- chronic D like DM, HTN, Polycystic K D, CHF
- Glomerulonephritis ---> Chronic
- Oliguria, dehydration, shock, sepsis,
- Obstructive uropathy, drugs -> acute
% Symptoms
Pallor, earthy look, volume overload, HTN, Oliguria, Itching, vomiting,
hiccup.
%, Next step
Urea, Creatinine
Other labs (K, Ca, P, CBC, Abdominal U/S
Estimation of GFR.
C Tt
o IfPH>7.25
e don't give IV Bicarb
e Consider Oral Bicarb.
o IfPH<7.25
give IV bicarb
Use this equation
HCO3 deficit = [24- HCO3 value] x 1/2x Body weight.
HCO3 deficit / 25 = number of ampoules
Half of ampoules --> direct in central line or CVP slowly
Other half + 500 glucose 10% over 1 hr
o Then recheck ABG again if no improvement-> dialysis

3) Lactic acidosis

%, Suspect if
signs of shock, sepsis, fever
Cardiac, hemorrhage, severe dehydration with normal BG

% Next step

serum lactate ( high)
L Ttt
ABC, ICU
Ttt of the cause + fluids (cautious in cardiac patients)
Bicarb has no role.
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4) Toxicities
(Salicylate, ethyl alcohol, methyl, ethylene glycol)

%, Suspect if
no apparent causes, normal BG, Creat, no shock or signs of sepsis ...
History ---> very important esp in young
%, Next step
Serum toxins , osmolal gap
L Tt
ICU, ABC
toxicology specialist

tJl@b{lf Anion gap is normal ( 10 - 14) ]

OYLEAY)
1) Diarrhoea (severe acute, chronic)

%, Suspect

- History, dehydration
%, Next step

- Na, K, Urea, creat, CRP, CBC, stool culture, blood culture
L Ttt: if severe

- ABC+ICU

- Fluids (ringer's lactate) + CVP value correction ( 8 - 12)

- Blind Antibiotics
(Cefotax 2g/8hrs or Cipro 1V /12 hrs + flagyl 1V /8 hrs)
Till result of culture.
Antidiarrheal after exclusion of dysentry

2) Adrenal insufficiency

%, Suspect if
- known Addison not compliant with medications or recent infection

without change in dose

- On steroid for any disease , then sudden stop,
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% Symptoms

%, Next step

L Tt

ARTERIAL BLOOD GASES... SIMPLE AND PRACTICAL

Orthostatic hypotension, weight loss, fatigue, lethargy
vague abdominal pain ,

hyperpigmentatin( dark scars, pigment in mouth & lips)

Serum cortisol a.m
ACTH stimulation test
Na | & K 1, blood glucose ( may be low)

o If suspicious adrenal crisis

ABC, ICU, IV saline + solucortif 100 mg/6hrs
Ttt of precipitating factor.

o If Addison :

low dose prednisolone 5 morning , 2.5 evening

Astonin : fludricortisone 1x1

3) Renal Tubular Acidosis {RTA}

%, Suspect if

%, Predisposing

% Next step

No apparent cause
Mild chronic unexplained metabolic acidosis.
Unexplained glycosuria

Unexplained nephrocalcinosis

DM, multiple myeloma, Sjogren S,

Chemotherapy.

urine PH

urine anion gap ( advanced & not available)

Give oral bicarb

Ttt of the cause
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If ABG don't contain Cl
So, you can't calculate Anion Gap
Sl B Mo ) sglia 03 Lagha g
high Anion gap <Y Llle
Led sy A Clalall Sl L
severe oS

JoV il 8 oagia A La

Y Jesia v
- Random blood glucose
- Renal functions
- Serum lactate ( present in ABG)

o3 i Uin 5 Le (53 Jalatia 433 (e 2l 5 adla gl v/

W3 U calally manil) 3 S 4nsy S Caalls Jlatl) ) v/
psams (e 5 Ld ASLE ol Lehdlad Jand o

daa dlla sl agliall (8 Gy jall Jasia Lada

negative 4IS S Ll v
4l geidosis J) ds o
oAl CYLAAY) & Saia

Llgle WA W JLllasl) Jaas
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Delta - Delta gap

Delta -delta gap?
PUALS
Delta = change
20 Gl
¢l G
dand Jala Craal LeINA e adalasc 02

A Anion gap
A Bicarbonate

Delta=A
A Anion gap = calculated Anion gap - normal anion gap
A Bicarbonate = measured HCO3 - normal HCO3

Jied Juala <
A Anion gap + A bicarbonate
Oz o8 ) allasa
¢ agl 8 Lk

(e diad b B 51 o

Pure high anion gap metabolic acidosis (pure HAGMA)

Mixed {high anion gap metabolic acidosis HAGMA}
+
Normal anion gap metabolic acidosis NAGMA}

Mixed metabolic acidosis & metabolic alkalosis!!

¢ &\.A.ﬂ\ JANS CSaa Ja g o Ayl
‘_5\)'\
Metabolic acidosis + metabolic alkalosis

Lol i 8

adaliey aling (52
Hidden underlying pre-existing metabolic alkalosis with recent superimposed metabolic
acidosis
Acidosis J) & 8 il
J) e 6 LIS A6,y s e
Metabolic acidosis
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J Gkl (Sae da v
Delta Delta gap in practice?
(A ol ddpniia Ll G o ady
ce Mlan (B38y IS0 jlle (e sa Le JS (et g (oamndli e Cangll (Y
oD 2 ga e e a8 Ldie sa g
Nk jeis ezl

Delta delta gap

L ) lle ) ) i (o0 el clalall  Gaiiil (1

. Ulan ) Allad) Bl ) 5 sigd) (32l (e s (Kas Ll s
OV LA SV e canall ke 58 2l
Correction of acidosis
Delta Delta gap
o Alalally 4 68 gy (S W) o) sl Al 5 40 He V) S g (1S 1Y) Lok
Mad (50 daa Hll Clalall 8 0 jaaia s (riSaie Laa
J el Bl il 111 a) v
Delta delta gap?
¢ ABG JS A da
e Y
J el
Primary metabolic acidosis
Jb Wilaw cuadinl W ABG J e s

Compensation
&
Anion gap
Lo sy (el
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Example:

25 years old man known to have diabetic , came to ER complaining of vomiting ,
abdominal pain , excessive urination

RBG: 526
ABG

PH: 7.27
HCO3: 10
PaCO2: 22
Answer:

Metabolic acidosis with partial compensation

N.B: American diabetes Association (ADA) diagnostic criteria for DKA

- Hyperglycemia > 250
- PH <73
- HCO3<18

- Acetone in urine 2+ or more or B-hydroxybutyrate in blood
*hkhkkhkkkhkkhkkkhkihkkkhkikkhikhkhkkikkhkhkihkhkiikhkhkhhhihhkikhkhkikhkikikihkikhhkikikikiixk
Example:

20years old man known to have type 1 DM and having unexplained lethargy & dizziness on
standing with craving for salts

He came to ER with dehydration & confusion

ABG shows

PH: 7.21 PaO2: 82

HCO3: 12 SPO2: 96%

PaCO2: 27 Na: 135
Cl: 105
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Answer:

L Step 1
- PH: 7.21 | acidosis
- HCO3: 12 | metabolic acidosis
- PaCO2: 27 | respiratory alkalosis
< SO, it is Primary metabolic acidosis with respiratory compensation

%, Step 2
- Calculate expected PaCO2
- Expected PaCO2 = HCO3 x 1.5+ 8 (x 2)

=12x15+8(+2)
=18+8+2
=24-28
- Measured PaCO2 = 27
< SO, it is Appropriate respiratory compensation

- Full or partial ¢

PH: 7.21 --> below normal 7.35
< SO, it is Partial respiratory compensation

%, Step 3
- Calculate anion gap
Calculated anion gap = Na - (HCO3 + ClI)
= 135- (12+105)
=18
Normal anion gap : 10 — 14
Median: 12
- Calculated anion gap > 14
< S0, it is High anion gap metabolic acidosis

leelis DD J (i le Lk
¢ DKA & 58 aiide dlall 3hos (A g
Diabetic uas yll lic
Acetone in uring usiis oS (lic
Possitive gl 5!
DKA &
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ald ) Qi b

HAGMA La Ll cula
Delta Delta gap J) causd @ a3

LA ol
Pure or not?

Delta Delta gap = A Anion gap + A HCO3

A anion gap = calculated - normal =18 - 12 =6

A Bicarbonate = normal HCO3 - measured actual HCO3 =24 -12 =12
Delta Deltagap =12+ 6

=0.5 () oo Bl in)
olixa 22

Mixed high anion gap metabolic acidosis HAGMA
+
Normal anion gap metabolic acidosis AAGMA
DKAJ & 3 (g sall die 4plidala 48 iy

DD of normal anion gap met acidosis?

1. Adrenal insufficiency
2. Diarrhoea
3. Renal tubular acidosis

< Adrenal insufficiency

S

Addison

el
Type 1 DM

L 4ual el

Lethargy
Craving for salts
Dizziness on standing

DKA JI e Lo s UL 5

Cortisol a.m Jecla
J) pandiin ) lie
Addison's disease
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Example:

32 years old man came to ER with disturbed conscious level and fits
No lateralization at all

He was previously healthy without any medical problem «

He lives alone and he came to hospital by the help of his neighbour
MRI brain: normal

CSF exam: normal

Basic labs show

Normal CBC, LFTs, RFTs

Random BG: 126

Coagulation profile

ABG & electrolytes

PH: 7.23
HCO3: 15
PaCO2: 26
Pa02: 78%
SPO2: 94%
Na: 135
Cl: 98
Urea: 42

Measured plasma osmolality: 301

Diagnosis?!
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Answer:

L) Mas el gee g2 sl Lo bl v/

Primary metabolic acidosis
i e LIS o)l
[SONENY
Anion gap = 135 - (15 + 98) =22
S =
High anion gap metabolic acidosis
4 A¥laial o il v
DKA
ousS Sl apile e
Renal failure
oS LSl e e
Lactic acidosis & sepsis
o3 Juia¥) e oS Gia (s sl G L Jlaial
Toxicities
e oal gl (SLs o5 (male (5 singll Glams oY Vo aling (50

Mad o J 515 () 5 Jalina
e-&-ﬂ

** Toxicities
Aspirin (Salicylate)
Ethanol
Methanol

Ethylene glycol
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Toxicitiesd! S v
Leans) 4lae duiny agd yi (Saa e (52
Osmolality gap

¢ aal

Plasma osmolality ) z i sl 5 L 8 LS
Lgmind (Saa g Lol (Sae Lial
e Mlan G e &8 1) ol
) Gl dea Ve e JB (S Y agin (5 AN

Vo oe SSHGE AN S
Osmolality gap: high

4..15 u\ oliza 03 9
Hidden exogenous osmole
o) sgdall Aldlaall (80 g 50 e g anaall 7 A e sl
measured osmolality J) 253« U o2

ToxXins . 8w 03
Leale o2l 5 (e sl ¥ alaall 5 a8 Y1 & suim ga & Jmiliny W (ulill aally Ll
ABG Jl 35 s (o5 aa) Ji§ Ul &
Simple 4&
o Y alas AAUM u.'lm R
Compensation J! ¢ s s
Adibeally a3 A5 e ¢l o by ABG J1 el B (e anle) cuaty Llle oo
MD calc J' ik oe a5l dilgall g claic Lol alabaal) Jadla i
Anion gap J) s ks dmeat o 5Y A Ll
MD calc J ¢ s o
()4.\;...».1“' 'wﬂ\:\lc uﬂj%\.aaduy

S sl 5 6 sinnglly ) i (Son athlLl) 3 (s51 L il )
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All what you need to know bout

Respiratory Acidosis

PH |: PaCO3 1: HCO3?

Bicarb J! 2534 PaCO3 J) s2b) <
simple oS85 W dlla 8 PH J) Jlay
JSS respiratory system JV 2 s 3 ) 4 S daiis respiratory acidosis <l S <
aa) 5 el apdaall Clac V) 8 o) Lead alSial) CilS o) g il &Blany | 5 3 respiratory center Jsl o
g i ) B
respiratory acidosis J! bl & <
Cun hypoxia < asbas S
Impaired ventilation ---> hypoxic hypercapnic
Type 2 respiratory impairement 4sesd o35

» There are 2 Types Respiratory Acidosis

I- Chronic respiratory acidosis: due to chronic CO2 retension
%, Due to either

A) chronic lung disease : COPD

B) chronic neuromuscular
= diseases like Motor neurone
= disease & severe
= Kyphoscoliosis ( rare)

II-  Acute respiratory acidosis
L, Either due to

A) Acute on top of chronic :
- Acute exacerbation of COPD (Very Very Common.)

B) Acute on top of normal lungs :
- Respiratory center depression by drugs high dose: like Morphine& opiates,
hypnotics.
Acute neuromuscular disorder like Myasthenic crisis, Guillian Barre
Syndrome
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=>» Any disease leading to acute type 1 respiratory impairement ( hypoxia with hypocapnia)
--> If not treated rapidly, tachypnea will lead to respiratory muscle fatigue due to
hypoxia
--> Accumulation of lactic acid
--> Bradypnea--> RR starts to become slow with CO2 retention (hypercapnia)

--> Type 2 respiratory failure (hypoxic hypercapnic)

- pulmonary edema (cardiogenic & non cardiogenic: ARDS
{alveolar diseases}

- severe COVID-19

- acute massive pulmonary embolism ( perfusion defect)

> How to differentiate between
Acute respiratory acidosis and chronic respiratory acidosis?!

=» Look at PH

A) If it is between 7.33 - 7.39

It is likely to be chronic (not sure 100%)
=>» Then the next step

(s s age ) compensation J) s

o In Chronic respiratory acidosis
- Every 10 mmHg increase in PaCO2 >40
Lead to - 4 mmHg increase in HCO3 > 24

- Every 1 mmHg increase in PaCO2 >40
Lead to = 0.4 increase in HCO3 > 24

Example:

Patient has COPD on treatment
Has ABG showing:
PH: 7.34, PaCO2: 60, HCO3: 32

Is it acute or chronic?

Answer:
PH: 7.34 --> more likely chronic
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** if Not sure?

Let's check compensation
- Change in PaCO2 =60 - 40
=20
PaCO2 JI 83l ) Jaze 4pamsiy 03 slisus A o8 1)
oS el Casdi s bicarh J) b sic ded e 4duni 0.4 e )l o s
- Expected HCOS in chronic = 20x0.4+ 24
=8+24=32
A s e L
b apinill
Chronic respiratory acidosis with appropriate respiratory compensation
o Next step in therapy
- No Ventilation either Non-invasive (NIV) or invasive ventilation (mechanical)
- No admission at ICU

- Just control disease by ttt at home.

B) If PH < 7.33

It is likely to be acute
- Is it acute on top of normal?

Or
- Acute on top of chronic!¢

You will be guided by history & examination.
o Inacute on top of normal
PaCO2 is not too much (around 60)
o In acute on top of chronic
PaCO2 is high (> 80, may reach 90, 100 or more)
Because, the baseline is high unlike

Acute on top of normal (normal baseline PaCQO2)
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**1f Not sure Acute or chronic?

compensation J! cwal

In acute respiratory acidosis
- Every 10 mmHg increase in PaCO2 >40
Lead to -1 mmHg increase in HCO3 > 24

- Every 1 mmHg increase in PaCO3 >40
Lead to - 0.1 mmHg increase in HCO3 > 24
Example
Patient with ABG showing
PH: 7.18, PaCO2: 60, HCO3: 26
J) ni Lie 24 o axaniz 0.1 (8 w8l i (pday s alS Jaras 313 PACO2 J) sl aala U5l €
Expected HCO3
Expected HCO3 = [60 - 40] x0.1 +24
=20x0.1+24
=26
acute J e L ol (s 3l 2ie bicarb JI &8 (i oLl expected HCO3 Jl s ©
53 ) olina 03 g
Acute respiratory acidosis on top of normal for sure.
Gt an yd e ) L YLaiaYl
U Jhe Al S I C
Example
Patient known COPD, admitted with confusion, cough
ABG show PH: 7.12, PaCO2: 90 <HCO3: 33
Answer:
PH < 7.33 = acute for sure
COPD 2 o)) s yme s 10 (8 80 0= S e PACO2 JI il
52 (S8
Acute on top of chronic Respiratory acidosis (acute exacerbation of COPD)
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**1f Not sure?

Calculate expected HCO3
If Current HCO3 > Expected PaCO2
It is acute on top of chronic for sure.

Expected HCO3 = [90 - 40] x 0.1 + 24
=50x%x0.1+24
=29

Here, Current Bicarb in this patient > expected

And hence, PH is < 7.33

Final diagnosis

Acute On top of chronic Respiratory acidosis (exacerbation of COPD)

** Treatment:

- ABC, ICU admission
- If PH: 7.25 - 7.35 (high dependency unit)
- Give him low flow O2 with target O2 saturation: 88 - 92% by monitor
-Nebulizers / 15 minutes ( SABA or SAMA)
- IV hydrocortisone 100 mg/8rs
- IV antibiotics (infection)
Levofloxacin 750 / 24 hrs IV + fluids
- Monitoring of ABG every 1 - 2 hrs

% 1f no response and PH still 7.25 - 7.35

Consider Non invasive ventilation (NIV)
BIBAP better than CPAP

The patient must be conscious

If worsening CO2 retension & more |PH
Invasive mechanical ventilation

N.B if PH < 7.25 + confusion

Consider start of mechanical invasive ventilation from the start.
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** Treatment of the causes of acute respiratory acidosis on top of normal.
* Respiratory center depression by

-Morphine >> ICU
-Antidote >>> Naloxone
- If no response: mech .ventilation.

* Myasthenic crisis

ICU, Pulse steroids, + IVIG + plasmapheresis
If no response --> mech Vent.

* Guillian Barre Syndrome (GBS(

ICU, Either IVIG or plasma exchange
If no response --> mech .Vent.

* Transverse Ascending myelitis

ICU, pulse steroids ,
If no response --> Mech. Ventilation

kkhkkhkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkhkkhkkhkkhkrhhhhhhhiiihhiiiiiikikikx

Example

62 years old man came to you in the casualty in confusion with intermittent cyanosis

His son reports that, he has developed acute productive cough with fever over the previous 48
hours with worsening dyspnea

There was past history of chronic chest problem due to smoking for which he takes
bronchodilators

Chest: bilateral scattered insp. crepitations on the back

With expiratory rhonchi

Raised JVP

Bilateral pitting LL edema

ABG

PH: 7.18 PaO2: 53
PaCO2: 95 SPO2: 74 %
HCO3: 30
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ANSwer:

Straightforward case of
Acute respiratory acidosis on top of chronic acidosis due to COPD mostly, complicated with
pulmonary HTN {RSHF}

LSHF might be an underlying cause of cardiac symptoms, but, if there are strong certain clues
like S3 gallop, cardiomegaly with displaced apex, history of PND, this would be assessed
certainly by bedside Transthoracic ECHO

J s bk
Acute exacerbation of COPD here is pneumonia

{Bronchopneumonia} evidenced by acute onset of fever, productive cough, with scattered
inspiratory crackles on the chest which are superimposed on the exppiratory wheezes

kkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkikhkhkikikk

Example

70 years old patient came with acute progressive dyspnea with orthopnea
Clinically

Raised JVP

Pansystolic murmer on apex

Bilateral diffuse crackles on the back

ABG

PH: 7.28 PaO2: 54
PaCO2: 55 SPO2: 90%
HCO3: 25

Answer:

* Primary disorder :
Respiratory acidosis .

* Cause:
Acute pulmonary edema

* Expected compensation:
=(55-40)x04=15x0.1=15
=24+15=255

Acute compensated respiratory acidosis
Type 2 respiratory impairment
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2 Al aually
Cardiogenic pulmonary edema or non — cardiogenic?
Jdag
Focal signs on the patients can explain that is it acute heart failure or

Acute pulmonary edema on top of CHF?

% This case of acute dyspnea with type 2 hypoxic hypercapnic respiratory acidosis .

Clinically, the patient has signs from which we can suspect the cause :

#Bilateral diffuse crackles suggests severe pulmonary edema mostly with exhausted patient
with respiratory muscle fatigue that cause him to be in respiratory acidosis,

#Pansystolic murmer over apex which may suggest Mitral regurge or VSD ( we should go to
axilla and listen, if it is heared then its MR) (also we must ask about history and previous Echo
to know that this MR is acute or chronic, if acute we must suspect Infective endocarditis or
Inferior M1 if patient with chest pain or without chest pain in diabetics and elderly so ECG is
important also ) ( if murmer is of VSD and new and not in the previous Echo , then suspect
Anterior Ml.

So clinically it all points to cardiogenic pulmonary edema .

k,khkkkkhkkkkkkkhkkhkkkkkkhkkkkkkhkkkkkkkkkkkkkk

Example

56 years old man was admitted with fever associated with confusion
2 days previously, he has had frequent micturiton and dysuria

Past history was remarkable for COPD and Type 2 DM

He is on insulin mixtard and occasional inhalers

His ABG shows

PH: 7.05 SPO2: 89%
HCO3: 15 Na: 141
PaCO2: 60 K:5.2
PaO2: 64 Cl. 97

How would you interpret such ABG?
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Answer:
High gap metabolic acidosis mixed with Respiratory acidosis and metabolic alkalosis

PH
PaCo2 1
HCO3 !

*AG

—Na - (Cl + HCO3)

141- (97+15) = 29

High anion gap metabolic acidosis
* Delta ratio

(29 - 10) / (24 - 15)
=19/9

=>1

* Sepsis highly suspicious

Q urosepsis to be confirmed clinically by

Rapid gSOFA or SOFA

Also by urine analysis, culture + blood culture, CRP & procalcitonin

You have to exclude DKA, as the patient has DM, check ketone bodies in the urine

Respiratory acidosis might be chronic because PaCO?2 is not high enough to suspect acute on
top of chronic

Also SPO2 value lies at this range (88 - 92%)

Also, for more chest evaluation, auscultation, imaging
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Respiratory Alkalosis

PH 1: PaCO2 |: HCO3 |

> Ifitis simple pure Resp .alkalosis, metabolic compensation would occur by reduction in

HCO2 value ( metabolic acidosis )

N.B:

Respiratory Alkalosis = Hyperventilation

Causes:

Either
A} Hyperventilation due to Stimulation Of respiratory centers in the brain Stem
1) Central causes:

Encephalitis
Extensive Brain hemorrhage
Infarction

Extensive brain trauma

I1) Metabolic causes:
- Hepatic
- Encephalopathy
- Fever: important
111) Psychogenic hyperventilation

- Panic attacks,
- hyperventilation syn

All these causes hyperventilation and CO2 wash without Hypoxia or Hypoxemia

(02 sat > 95% & PaO2 >80).
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B} Hyperventilation due to Hypoxia

Hypoxic Hypocapnic (Type 1 respiratory impairement)
I.e (Acute lung condition)

Causes:

Pneumonia

Acute severe asthma,

tension pneumothorax

Pulmonary edema.

Acute severe asthma,

tension pneumothorax

Pulmonary Embolism ( very very Important (easily missed in practice)

primary Respiratory alkalosis & asii L (A gY) o shadll €=
Led 55 il

Pure simple resp alkalosis or mixed
Jl Gla Gk e
Compensation
daga Gia Lia YAl radh gala

% In acute resp .alkalosis
— Every 10 mmHg decrease in PaCO2
— 2 mmHg decrease in HCO3 < 24

% In chronic resp .alkalosis
— Every 10 mmHg decrease in PaCO3
— 4 mmHg decrease in HCO3 < 24

Treatment:

A} Respiratory alkalosis without hypoxia

- You have to detect the cause by taking through history and thorough examination:

- Treatment of the cause
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B} Respiratory Alkalosis with hypoxia

I. suspected pneumonia by history& Examination
- Treatment by High flow O2 with target O2 sat > 95%... If refractory hypoxia & RR > 30
- Consider mechanical ventilation

- Proper Antibiotics accordingly

I1. Pulmonary edema

- High flow O2 as before

- If cardiogenic --> 1V diuretics £ nitrates if high BP + Inotropes if low BP
- If hypoxia is refractory: CPAP

- If ARDS: Mechanical Ventilation

- If refractory: ECMO

1. Acute severe asthma

- High flow O2 + nebulizers

- IV solucortif 100 mg / 6 hrs

-If refractory: IV magnesium

If refractory: Mechanical ventilation

Iv.Tension Pneumothorax

- High O2 + urgent Intercostal tube insertion under water seal

v. Pulmonary Embolism

- Suspect if hypoxic hypocapnic pattern with normal chest auscultation
- Particularly if there are risk factors

= DVT, bed ridden,
recent surgery, cancer
= OCP,
= thrombophilia (suspect if it is unprovoked DVT/Pulmonary embolism)
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- Calculate Well's score

» [f>4 --->Dbegin LMWH ( therapeutic)
= high flow O2
= And arrange

D.dimer + CT pulmonary Angiography to confirm the diagnosis

Example

52 years old woman came to the casualty with sudden onset of chest pain and dyspnea

The chest pain was vague and was not compressing in nature and was not referred to any site...

Bed side SPO2: 91%
Auscultation of the chest: free
Heart: free

JVP: not high

ECG: sinus tachycardia

CXR: normal

ABG

PH: 7.51 PaO2: 62
PaCO2: 24 SPO2: 91%
HCO3: 16

Answer:
Respiratory alkalosis with partial metabolic compensation

Typel respiratory failure

Pneumonia

Acute sever athma
Tension pneumothorax
Pulmonary edema
Pulmonary embolism
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Most likely pulmonary embolism due to acute onset, free chest, sinus tachy

So ask about risk factor:

DVT, obese, recent surgery, tumor, OCP, vircaw triad , bed ridden ,thrombophilia
Then do:

- D dimer, ECG, CT angio

Treatment:

High oxygen
Anti coagulant
Surgery:

Filter

Catheter

sdic O SLiS (yay e (51 Ja
Pulmonary embolism
29992972777

Well's score
J) ade (a8 gl 4y

Degree of propability

Jenia Ja ol o8 )l s g
CTPA
Al Ule 43y Joh e

Pulmonary embolism

Well's score

Well is a Canadian scientist who put the famous international prestest probability for pulmonary
embolism as follow ™

Clinical symptoms of DVT --> score 3

other diagnosis less likely than pulmonary embolism --> score 3
HR>100-->15

immobilization more than 3 days or surgery within the previous 4 weeks --> 1.5
previous DVT /pulmonary embolism --> 1.5

Hemoptysis --> 1

Malignancy --> 1
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Uhaa bt L lie
JsY!
Origin: DVT symp/signs

Sl
History pattern/certain clues of PE
s <« pulmonary embolism Jb ¥ s ¥ Allad) 4. 53 laliaa (50
Unexplained acute dyspnea with normal lung auscultation + normal imaging + hypoxia

Salll)
Sign: tachycardia
1.5 W) sSu PE (8 s 5 (A0 LlLe La (lie

2 important risk factors
- Immobilization & previous recent surgery 1.5
- Previous DVT /PE 1.5
:u,u.lu\
Sign: 4xeal 8l
Hemoptysis: 1
:@L.ul\
Risk factor
bl (e aeal J8) (S
Malignancy --> 1
Total score > 4
el Llle
Pulmonary embolism

%0100 (e (S5 0 yuS dnuiy

G Gl o dgalaie 428) Jerid Joda g Lggany o shadll oS (lie
PE &u4c 8 aal o PA J) & thrombus Jebs
PE e 8 (jeh L
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4 Gl 5 (e BB ) S Jl b €
Pulmonary embolism allay 43 adlaial Ay
dac 58 Lazy Ao shadll g cc duza 001 5 815 AL
D.dimer

If positive > 500

Jazia

CT pulmonary angio

e (53 A5 Carla ol

Pulmonary embolism

Consider another diagnosis

SIREIGUTFRVERAR o
v" Origin of thromboembolism (DVT) ---> 3

v/ History pattern consistent with pulmonary embolism

Score 3 2L s25 44l 4ala 5 (e ) pulmonary embolism as 4xile Allall A€ 5 ey
oX 2y v
One symptom
Hemoptysis --> 1
PEJ! specific (s &Y
oX axy v/
One sign
Tachycardia, HR > 100
PEJ &V & common Y15 aal
s yshd Jalse ¥ ok 2y v/
2 very important risk factors
# Immobilization for > 3 days or history of surgery within the previous 4 weeks
# Previous DVT /PE
1.5 23l agd 2l 5 IS J 935
Ctlid) e oy shad J8) 45 aal g0y ghad Jule Juald v
Malignancy --> 1

items JI JS )] aead ey aclly Sl allaat g allall G s items JI (e 2550 A 4) o gty ol juaa
ale W@ M algorithm J) gt (& iy J8l Lad € Y g € fS) Led o5 5 Jadd 03 g2 gall
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Example:

22 years old girl came to the casualty with acute onset of dyspnea with rapid breathing with
sense of impending death that is associated with parathesias in the hands and legs which
started to develop carpal spasm bilaterally

She has just got separated from her fiancée

On exam

BP: 100/60 Temp: 37.2

Pulse: 140 SPO2: 99% on room air
RR: 25

ECG: sinus tachycaria

CXR: free

ABG

PH: 7.51 PaO2: 83
PaC02:23 SPO2: 99%
HCO3: 16

How would you interpret the ABG in the context of history?!

ANswer:

* Respiratory alkalosis € partial metabolic compensation
Hypocapnia éout hypoxia » hyperventilation

* Ddx:
RC stimulation

- Central "hemorrhage, infarction, infection, truma”

- Metabolic"heptic encephalopathy, fever"

- Psychogenic

Peripheral parasthesia is an important sign of psychogenic hyperventilation associated with
"PANIC ATTACKS"

The respiratory alkalosis per se with excessive CO2 wash will lead to shift of ionized CA
leading to carpal spasm

* Treatment: Sedative is enough

ABG will be corrected after the Panic attack has been treated
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Metabolic alkalosis

PH 7: HCO3 7: PaCO2 ?

If it is simple, evey thing is high
35l LelS agus)

Primary metabolic alkalosis with respiratory compensation!!

% Causes of metabolic alkalosis
Either Excess Talkali/base or | low acid
A} Excess Alkali in blood:

*EXxogenous:
- Excess bicarb infusion.

*Endogenous:
Excess renal reabsorption
high steroid ( Cushing Syndrome )
High aldosterone ( Conn's syndrome)
Channelopathies
E.g Bartter's syndrome, Gitleman's syndrome, Lidddle's syndrome
Shift of bicarb to blood in cases of hypokalemia {Diuretic use}.

B} low acid

- Loss of HCL from stomach
- Vomiting, Nasogastric tube
- Gastric fistula (important).

il Ll
Metabolic alkalosis
pure metabolic alkalosiste o i (a5 siall
mixed disorderY s
4 » compensation J) sl &k e

lebyms e U 03X U8 (6 5 4nge e L L

Expected PaCO2 =[0.6 - 0.75 x HCO3] + 40
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Treatment:

*|If severe --> PH > 7.6 (rare in practice)
> Give KCL in cases like severe vomiting.

*Vomiting & GIT losses (saline sensitive):
- give anti-emetic IV (Primperan, Zofran)
- Saline infusion

* In diuretic (stop diuretic, give K)

* In saline resistant causes (Cushing, Conn's syndrome)
- Ttt of the cause

N.B:

Saline Sensitive metabolic alkalosis: e.g Vomiting
Saline resistant metabolic alkalosis e.g Endocrinopathies like Cushing Syndrome

N.B: in Endocrinopathy, metabolic alkalosis is just a diagnostic tool
It is useful in diagnosis not treatment, and it is not specific.

Alkalosis J) 4xs o3 a spallSll i

Alkalosis J) zhaw il #3e 4
i (al eV S5 ) Adaead (il o sanllSU (6 gise an il

Example:

28 years old obese woman came to as she is recently discovered to have recurrent muscle
cramps and weakness that was found to be due to mild hypokalemia (K :2.9-3.2)

She complains of fatigue, and she is being treated from anxiety and depression

She denied diarrhoea
The workup for hypokalemia including (serum Mg, 24 hrs K in urine < 20, all labs failed to
reveal the cause.

ABG

PH: 7.47 PaO2: 86
HCO3: 29 SPO2: 99%
PaCO2: 49

How would you interpret such ABG in the context of the history?
What might be the cause?!




DR. HOSAM MOKHTAR ARTERIAL BLOOD GASES... SIMPLE AND PRACTICAL

Clue for DX:

Metabolic alkalosis with hypokalemia from non-renal source as ( 24 hrs urine K < 20)
So, it is for sure GIT loss

The most common cause of GIT loss leading to metabolic alkalosis is "repeated vomiting"
So, we have to ask specifically about it, and whether it is spontaneous or self induced
Given the history of obesity and associated Anxiety & depression

It is highly suspected to have Bulimia nervosa

Bulimia Nervosa is a psychiatric disorder Ch ch by binge eating followed by self induced
vomiting leading to

Both metabolic alkalosis and hypokalemia

L (8 Lo lim oty cpptecs 4y (JSU Ll llgiia fiag o2 ¢ snsall e o358 Lle o2 g 5l pa ) sl
daziall o Al g JSY) AlSEa g g g clile (A08 5 6 (ol (a e 00 Y ([ Lgie uad 03 ) aa i liie

¢ acid base disorders Jb assbigdl ABDle 4yl + aga J) g

Acidemia (reduced blood pH) is associated with increased plasma potassium concentration
(hyperkalemia)

.whilst alkalemia (increased blood pH) is associated with reduced plasma potassium
concentration (hypokalemia)

Mechanism

Acidosis causes potassium to move from cells to extracellular fluid (plasma) in exchange for
hydrogen ions ,

And alkalosis causes the reverse movement of potassium and hydrogen ions.




