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Electrolytes imbalance and 
acid-base disorder

Objectives: 

1. To be able to identify the type of hyponatremia 
(euvolemic-hypovolemic-hypervolemic) based on clinical presentation and 
laboratory finding.

2. Recognize true and pseudo-hyponatremia.
3. To be able to manage a patient with hypokalemia/ hyperkalemia.
4. To be able to Interpret arterial blood gases.
5. To be able calculate respiratory and metabolic compensation for acid/base 

disturbances.
6. To be able calculate anion gap with correction for serum albumin.
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To be able to identify the type of hyponatremia 
(euvolemic-hypovolemic-hypervolemic) based on clinical 
presentation and laboratory finding.

Hyponatremia

 

A) Hyponatremia with hypovolaemia

➢ This is due to sodium loss in excess of water loss
➢ Causes:

○ Renal sodium losses: diuretics ( especially thiazide), Adrenocortical failure
○ Gastrointestinal sodium losses: Vomiting, Diarrhea 
○ Skin sodium losses: burns

B) Hyponatremia with euvolemia

➢ This is due to excess body water (no change in total body sodium)
➢ Causes:

○ Primary polydipsia 
○ Glucocorticoid deficiency
○ Excessive electrolyte-free water infusion 
○ SIADH (Syndrome of inappropriate ADH)
○ Hypothyroidism 

Hyponatraemia (Na <135 mmol/L) is the most common biochemical abnormality in 
hospitalized patients, with up to 35% of inpatients developing hyponatremia during their 
stay.
The cause depends on the associated changes in extracellular volume:

Definition

C)     Hyponatraemia with hypervolaemia

➢ This is due to excess water retention that is associated with sodium retention and volume 
expansion

➢ Causes:
○ Congestive heart failure 
○ Cirrhosis 
○ Nephrotic syndrome 
○ Chronic kidney disease (during free water intake)



To be able to identify the type of hyponatremia 
(euvolemic-hypovolemic-hypervolemic) based on clinical 
presentation and laboratory finding.



Recognize true and pseudo-hyponatremia.

Rarely, hyponatremia may be a ‘pseudo-hyponatremia’. This occurs in hyperlipidaemia (either high 
cholesterol or high triglyceride) or hyperproteinemia where there is a spuriously low measured sodium 
concentration, the sodium being confined to the aqueous phase but having its concentration expressed 
in terms of the total volume of plasma. In this situation, plasma osmolality is normal and therefore 
treatment of ‘hyponatremia’ is unnecessary. Note that artifactual ‘hyponatremia’, caused by taking blood 
from the limb into which fluid of low sodium concentration is being infused, should be excluded.

Assessment of the Urine Sodium and Urine Osmolality can be used to separate most causes of 
hyponatremia. However, the clinical scenario often gives the answer. This is especially true on a 
vignette, where there can’t be a mystery to have a single correct answer. If a urine sodium is 
decreased, the kidney is working and there’s poor perfusion to it. If the urine osmoles are 
concentrated, ADH is activated.

True Hyponatremia (Hypotonic)

Pseudo-Hyponatremia (Isotonic)

Definition: 
Increase in plasma solids lowers the plasma sodium concentration . But the 
amount of sodium in plasma is normal (hence, pseudohyponatremia). If you 
measure the plasma osmolality it will be normal.

Causes:
➢ Any condition that leads to elevated protein ex: multiple myeloma
➢ Any condition that leads to elevated lipids ex: severe dyslipidemia

Definition: 
It is  when you have a low serum sodium concentration, associated with low 
osmolality and low tonicity. If you measure the plasma osmolality it will be low.



To be able to manage a patient with hypokalemia/ 
hyperkalemia.

The most common cause of chronic hypokalemia are diuretic treatment (particularly thiazides)

Management:
Repletion is performed with oral or intravenous potassium. Oral replacement is preferred. 
If IV is to be used, the rate must be <10 mEq / hr if by peripheral IV (PIV), or <20 mEq/hr if by 
central line.

The most common cause of hyperkalemia is acute kidney failure/ chronic kidney disease

Hypokalemia <3.4 mmol/L

Hyperkalemia >5.5mmol/L 

Emergency management Acute management: Subacute management:

ECG monitor and i.v. 
access

ECG changes
1. Peaking of the T 

wave
2. widening of the 

QRS complex 
3. prolonged PR 

interval

Protect the myocardium
10 mL of 10% calcium 
gluconate i.v. over 5 min
 
Effect is temporary but 
dose can be repeated 
after 15 min

Drive K+ into cells 
Insulin 10 units+50 mL 
of 50% glucose i.v. over 
10–15 min, followed by 
regular checks of blood 
glucose and plasma K+. 

Consider correction of 
severe acidosis (pH <6.9)
infuse NaHCO3 
(Sodium Bicarbonate) 

Stop all potassium 
supplements, and drugs 
reducing urinary 
excretion of potassium

Deplete body K+ (to 
decrease plasma K+ over 
the next 24 h) 

Novel potassium binders 
(Patiromer or sodium 
zirconium cyclosilicate) – 
May have faster action of 
onset/may be better 
tolerated 

Older potassium binders 
–Polystyrene sulfonate 
resins (e.g. calcium 
resonium)

Haemodialysis or 
peritoneal dialysis if the 
above failed



1- Blood Buffers:

Bicarbonate
-Carbonic

acid system
53%

Hemoglobin 35%

Albumin 7%

Phosphate 5%

H2O + CO2 = H2CO3 = H + HCO3

➢ Very quick reaction
➢ PCO2 and H have a potent stimulatory effect
➢ on the respiratory centre

2- Respiratory mechanism:

3- Renal mechanisms:

➢ Increase of HCO3: Absorption, Generation
➢  H acid secretion: NH3 synthesis 

Acid
➢ Exogenous

○ Physiological: Diet
○ Pathological: toxins (Methanol, Ethylene Glycol)                                                              

➢ Endogenous  
➢ Physiological: metabolism (volatile & non-volatile acids)
➢ Pathological: Ketoacids and lactate

Base
➢ HCO3 is the kidney favorite’s player
➢  Liver produces HCO3 from some precursors (Lactate, Citrate)

Doctor’s slides 

Components of Acid - Base physiology

Protective mechanisms that keep us alive



Doctor’s slides 

Response to Acid load

 If 10 mmol/l of Acid is added to the blood
pH = 6.1 + log ( Bicarb/carbonic acid)
 pH = 6.1 + log (26-10)/(1.3+10)
          = 6.1 + 0.15

pH = 6.25 (if no protective mechanism exists)

How things can go wrong

➢ Impaired respiratory response
➢ Impaired renal response

Acid base interpretation

Major tools:

pH
[H]
[HCO3]
PCO2
Clinical data

Supplementary tools:

The GAPs !
Anion Gap
Delta Gap
Plasma osmolar Gap
Urine anion Gap 
Urine osmolar Gap

To be able calculate anion gap with correction for serum 
albumin.

Anion gap calculation:
➢ AG= Unmeasured anions - Unmeasured 

cations
➢ AG= measured Cations – measured anions
➢ AG = Na - ( Cl + HCO3 )
➢  Elevated Gap indicates excess acids in the 

blood = metabolic acidosis
➢ Watch out for hypoalbuminemia!
➢ For each 10 point drop in albumin, add 2.5 

to the calculated AG

Delta Gap mystery
➢ In metabolic acidosis, the drop in HCO3 

should match the elevation in AG 
➢ Delta gap= ΔAG/ΔHCO3 = 1
➢ Delta gap < 1 = the drop in HCO3 is 

more than expected= 2 metabolic 
acidotic processes !

➢ Delta gap > 1 = the drop in HCO3 is less 
than expected= additional metabolic 
alkalotic process is present !



To be able to Interpret arterial blood gases.

ABG interpretation

➢ Describe the pH
➢ Identify the primary drive for pH
➢ Predict the compensatory response
➢ Assess the actual compensatory response
➢ Calculate the Anion gap (AG)
➢ Correct the AG for albumin

Steps:

pH
(7.4)

PCO2 mmHg
(40)

HCO3 mmol/L
(24)

A 7.32 28 14

B 7.47 20 20

C 7.51 49 38

D 7.08 49 14

Normal values:

➢ pH= 7.4
➢ HCO3 = 24 mmol/l
➢ PCO2 = 40 mmHg
➢ Anion Gap = 12
➢ Albumin = 40 g/l

A- Metabolic Acidosis
B- Respiratory Alkalosis
C- Metabolic Alkalosis
D- Respiratory Acidosis + Metabolic acidosis (decompensated) NOT SURE

Examples:



Steps in Acid-Base Analysis

Step 1 | History & physical examination

➢ Vomiting: causes loss of acid and gastric contents, which suggests development of alkalosis
➢ Diarrhea
➢ Hypoventilation
➢ Respiratory disease
➢  Medications (laxatives, diuretics, etc)
➢ Diabetes

look for clues that may lead to the abnormalities in pH

Determine if it is
➢ Normal 7.35 – 7.45 (No abnormality or presence of mixed acidosis and alkalosis)
➢  Low <7.35 (acidemic)
➢  High >7.45 (alkalemic)

Note: Compensation will not return the pH to the normal range, it’s just a mechanism which the body 
trying to reduce the impact

Step 2 | Look at the pH

Step 3a | Determine the primary abnormality that is causing the 
abnormal pH
➢ If the pH is acidemic (<7.35), then look for Low HCO3 (Metabolic) or High PCO2 (Respiratory)
➢  If the pH is alkalemic (>7.45), then look for High HCO3 (Metabolic) or Low PCO2 (Respiratory)

Step 3b | If pH is normal, that doesn’t rule out mixed acidosis and 
alkalosis (Determine what is being mixed1)

1: Sometimes you may have mixed diseases ( Metabolic Alkalosis AND Respiratory Acidosis )

➢ Look for high or low PCO2= Low PCO2 suggests respiratory alkalosis/High PCO2 suggests 
respiratory acidosis

➢ Look for high or low HCO3= Low HCO3 suggests metabolic acidosis/High HCO3 suggests 
metabolic alkalosis

How to determine Is the respiratory disturbance acute or chronic?
● Acute respiratory acidosis: HCO3 increase by 1 mEq/l for every 10 mmHg increase in PaCO2.
● Chronic respiratory acidosis: HCO3 increase by 3-3.5 mEq/l for every 10 mmHg increase in 
PaCO2.
● Acute respiratory alkalosis: HCO3 decrease by 2 mEq/l for every 10 mmHg decrease in PaCO2.
● Chronic respiratory alkalosis: HCO3 decrease by 4-5 mEq/l for every 10 mmHg decrease in 
PaCO2.



Step 4 | check for compensation

Compensation is the mechanism by which the body adapts to either acidosis or alkalosis, 
it will not fully correct the abnormality
example:
● A patient has diabetic ketoacidosis, pH is 7.29, HCO3 is 15 (hence, it is metabolic acidosis)
● Use the metabolic acidosis formula: Expected PCO2 by using Winter’s formula PCO2 = 1.5 x 
HCO3 + 8 ( ±21 ) = 1.5 x 15 + 8 = 30.5
● So: you expect the PCO2 in this patient to be in the range of 28.5– 32.53

● Now, determine whether there is a compensation or an additional disorder:
-  If the PCO2 in this patient is higher than 32.5 → consider additional2 respiratory 

acidosis.
-  If the PCO2 in the patient is lower than 28.5 → consider additional respiratory 

alkalosis.

1: gives you a range
2: Please make sure that you differentiate between additional and compensated.
3: Memorize one compensation equation for each acid base abnormality. Example:
-If the PCO2 of this patient was 35, then the patient’s acid-base status will be : Metabolic Acidosis AND Respiratory Acidosis.
-If the PCO2of this patient was 30, then the patient’s acid-base status will be : Metabolic Acidosis Compensated by Respiratory Alkalosis. .
 4: The normal range is up to 14. It is Especially important in Metabolic Acidosis, crucial for the differential diagnosis.

Compensation calculation

Primary disorder Expected compensation

Metabolic acidosis ● PaCO2= 1.5 x HCO3 + 8 ± 2
● ↓PaCO2= 1.2 x ∆HCO3
● PaCO2~ last two digits of pH

Metabolic alkalosis ● ↑PaCO2= 0.7 x ∆HCO3

Respiratory acidosis
Acute ● ↑HCO3= 0.1 x ∆PaCO2

Chronic ● ↑HCO3= 0.35 x ∆PaCO2
● ↓pH = 0.003 x ∆PaCO2

Respiratory alkalosis
Acute ● ↓HCO3= 0.2 x ∆PaCO2

Chronic ●↓HCO3= 0.4 x ∆PaCO2

Step 5 | Calculate the anion gap

anion gap (AG): AG = Na – (Cl + HCO3)

● Normal anion gap = 6-124

● Albumin is the main unmeasured anion. To overcome the effects of hypoalbuminemia on the AG, the
corrected AG can be used which is AG + (0.25 X (40-albumin)) expressed in g/L.
● An increase in anion gap that means there’s additional acids like lactic acid and keto acid.
● Get back to pages to check for high AG metabolic acidosis vs normal AG metabolic acidosis



To be able calculate respiratory and metabolic compensation 
for acid/base disturbances.

Compensatory mechanisms

Acid base defect Primary defect pH Compensation

Met acidosis Low Bicarb Low Low PCO2

Met alkalosis High Bicarb High High PCO2

Resp alkalosis Low PCO2 High Low Bicarb

Respiratory
acidosis

High PCO2 Low High Bicarb

Acid base disorder Primary defect Compensation

Metabolic acidosis HCO3 1.2 drop in PCO2 for each
1 mmol decrease in HCO3

Metabolic alkalosis HCO3 0.7 rise in PCO2 for every
1 mmol rise in HCO3

Acute resp acidosis PCO2 1 mmol rise in HCO3 for
every 10 point increase in

PCO2

Chronic  resp acidosis PCO2 3.5 mmol rise in HCO3 for
every 10 point increase in

PCO2

Acute resp alkalosis PCO2 2 mmol drop in HCO3 for
every 10 point fall in PCO2

Chronic  resp alkalosis PCO2 4 mmol drop in HCO3 for
every 10 point fal in PCO2



Interactive Cases - 1

❖ 15 year old boy with abdominal pain

Case Normal

pH 7.1 7.40

PaCO2
17 40 mmHg

HCO3
5 24 mmol/L

Na+ 130 136-145 mmol/L

Cl- 105 96 - 106 mmol/L

A. What is the acid base disorder? Metabolic Acidosis, adequately compensated

B. What else do we need to know ? Anion gap= 20
130 - (105+5) = 20
C. What is the clinical diagnosis? High anion gap metabolic acidosis (DKA)

Interactive Cases - 2

Case Normal

pH 7.28 7.40

PaCO2
26 40 mmHg

HCO3
12 24 mmol/L

Na+ 135 136-145 mmol/L

Cl- 110 96 - 106 mmol/L

K+ 3.2 3.6-5.2 mmol/L

❖ 23 year old man with a 3 day history of diarrhea.

What is the acid base disorder? Metabolic Acidosis ( normal anion gap), adequately compensated 



What is the acid base disorder? Acute Respiratory Acidosis (adequately compensated) 

❖ 55 yo man k/c of BA. In ER with SOB and cough for 2 days

Case Normal

pH 7.32 7.40

PaCO2
50 40 mmHg

HCO3
25 24 mmol/L

Na+ 134 136-145 mmol/L

Cl- 100 96 - 106 mmol/L

K+ 4.5 3.6-5.2 mmol/L

Interactive Cases - 3

Interactive Cases - 4

❖ 55 yo man with COPD. Admitted for elective hernia repair. Pre operative ABG showed :

Case Normal

pH 7.37 7.40

PaCO2
55 40 mmHg

HCO3
31 24 mmol/L

Na+ 136 136-145 mmol/L

Cl- 96 96 - 106 mmol/L

K+ 3.5 3.6-5.2 mmol/L

What is the acid base disorder? Chronic respiratory Acidosis (adequately compensated) 



❖ 40 yo woman with repeated vomiting for 1 day.

Case Normal

pH 7.49 7.40

PaCO2
48 40 mmHg

HCO3
35 24 mmol/L

Na+ 130 136-145 mmol/L

Cl- 85 96 - 106 mmol/L

K+ 2.8 3.6-5.2 mmol/L

What is the acid base disorder? Metabolic Alkalosis (adequately compensated) 

Interactive Cases - 5

Interactive Cases - 6

❖ 28 yo man with abdominal pain and diarrhea. He is clinically volume depleted ( low BP, 
tachycardia..)

Case Normal

pH 7.29 7.40

PaCO2
21 40 mmHg

HCO3
8 24 mmol/L

Na+ 133 136-145 mmol/L

Cl- 105 96 - 106 mmol/L

What is the acid base disorder? Combined anion gap and non-gap metabolic acidosis (Diarrhea 
induced HCO3 loss and lactic acidosis), adequately compensated 





















Lecture Quiz
1:C / 2:A / 3:B

Q1: A 32-year-old builder presents in accident and emergency in a 
distressed state. He reports suffering from chest pain for the last 2 weeks, 
the pain is sharp and only occurs when he moves heavy objects. He has a 
family history of cardiovascular disease and is worried about a heart attack. 
His blood gas findings are as follows: pH = 7.47; PCO2 = 3.3; PO2 = 15.3; 
bicarbonate = 17.53. The most likely diagnosis is:

A. Respiratory acidosis with metabolic compensation
B. Respiratory alkalosis with metabolic compensation
C. Acute respiratory alkalosis
D. Metabolic Alkalosis

Q2: A 47 y/o male presented to the ER with 2 days history of diarrhea. His 
vitals are BP=75/45, HR=113 , RR=23. How would you manage this patient?

A. Normal saline 
B. Half normal  saline
C. Quarter normal  saline
D. 5% Dextrose

Q3: Calculate the anion gap, Na=132 , HCO3=16 , Cl=96

A. 24
B. 20
C. 12
D. 15


