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ACID-BASE DISORDERS

• Frequently encountered in clinical practice
• Significant impact on patient morbidity and mortality

• Clinical history
• GI symptoms, other medical conditions, ingestions of substances

• Physical examination
• Volume depletion, neurological signs

• Blood gas parameters
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Na 143
K 4.5
Cl 106
HCO₃ 18

ACIDOSIS OR 
ALKALOSIS

pH 7.51
PCO₂ 31
PO₂ 74

RESPIRATORY
ALKALOSIS

3 ESSENTIAL PARAMETERS:
• pH
• HCO₃¯
• PCO₂



Difference between arterial and venous blood 
sample

Arterial blood Venous blood
pH 7.40 7.36
pCO2 40 48
HCO3 24 26

Difference is insignificance  
Exception:

Low cardiac output
septic shock
Mechanical ventilation



REGULATED BY LUNG
RESPIRATORY ACIDOSIS ( HIGH PCO₂)
RESPIRATORY ALKALOSIS (LOW PCO₂)

[H⁺] DEPENDS ON
THE RATIO    

______PCO₂

HCO₃

REGULATED PRIMARILY BY KIDNEY
METABOLIC ACIDOSIS (LOW [HCO₃] )
METABOLIC ALKALOSIS (HIGH [HCO₃] )

• Simple acid base disorders are either metabolic or respiratory
• Mixed acid base disorders are more than one acid base disturbance

Henderson-Hasselbalch Equation



COMPENSATORY RESPONSES
PCO₂

HCO₃¯
_______

LUNG (within minutes)

KIDNEY (within 3 to 5 days)
Any change in ratio

COMPENSATORY RESPONSES

• In simple acid-base disorders, compensation returns the pH towards, but seldom 
completely to ,  normal level

• A normal pH may be a clue to mixed acid-base disorders with compensation in opposite 
directions

In simple acid-base disorders

COMPENSATORY RESPONSES

_______
PCO₂    

HCO₃¯
Same direction

In mixed acid-base disorders
PCO₂

HCO₃¯
_______ Opposite 

directions



Determine pH
Reduced pH

Elevated pH

Acidaemia

Alkalaemia

Primary disorder : Disorder pH Hᶧ Primary 
disorder

Compensatory
Response 

Metabolic acidosis ↓ ↑ ↓ HCO3¯ ↓pCO2
Metabolic 
alkalosis

↑ ↓ ↑ HCO3¯ ↑pCO2

Respiratory 
acidosis

↓ ↑ ↑pCO2 ↑ HCO3¯

Respiratory 
alkalosis

↑ ↓ ↓pCO2 ↓ HCO3¯

Systematic approach



Compensatory responses : METABOLIC ACIDOSIS

[HCO₃] is low 
• increased extracellular buffering of an increased acid load
• loss of [HCO₃] in urine /Gut

PCO₂_______
[HCO₃]

Compensation to restore the ratio by reducing PCO₂ 
Increase alveolar 
ventilation

Decrease PCO₂
WINTER’S FORMULA:  PCO₂ = (1.5 X [HCO₃] ) + 8 ± 2 mmHg

FOR EXAMPLE: [HCO₃] DROPS TO   16 meq/L

Expected   PCO₂ = 1.5 x 16  = 24 + 8 = 32 ± 2 = 30--34 mmHg 



Compensatory responses : METABOLIC ALKALOSIS

PCO₂
_______
[HCO₃] 

Compensation to restore the ratio by increasing PCO₂ Decrease alveolar 
ventilation

Increase PCO₂Expected pCO2 =0.7x(measured HCO3¯ — normal HCO3¯)+40 ±2 mmHg

[HCO₃] is high
• Addition of alkali to the body when they 

cannot be removed by kidney
• Loss of acid (in vomiting)

Example: Serum HCO3¯ 34 mmol/L
Expected pCO2 ={ 0.7x (34—24) } + 40=47 mmHg



Compensatory responses : RESPIRATORY ACIDOSIS

PCO₂
_______

[HCO₃]
Compensation to restore the ratio by increasing [HCO₃]

1. Rapid cell buffering (In Acute)
2. Renal  compensation by increasing net acid excretion (In Chronic)

In Acute: HCO3¯ increases 1 mmol/L for each 10 mmHg increase in pCO2
In Chronic : HCO3¯ increases 3 mmol/L for each 10 mmHg increase in pCO2

Dissolved CO₂ + H₂O <—> H₂CO3
• H₂CO3 cannot be buffered by HCO₃― in the extracellular fluid
• HCO₃― levels do not fall in respiratory acidosis
• H₂CO₃ + Hb‾ HHb + HCO₃¯ ( buffered by intracellular buffers
• Buffering reaction produces HCO₃¯. Therefore plasma [HCO₃] 

increases in contrast to metabolic acidosis

Hypoventilation
↑CO2



Compensatory responses : RESPIRATORY ALKALOSIS

PCO₂

[HCO₃]
_______ Compensation to restore the ratio by reducing [HCO₃]

1. Rapid cell buffering (In Acute)
2. Renal  compensation by reducing net acid excretion (In Chronic)

In Acute: HCO3¯ decreases 2 mmol/L for each 10 mmHg  fall in pCO2
In Chronic : HCO3¯ decreases 4 mmol/L for each 10 mmHg fall in pCO2

Hyperventilation
↓CO2



Respiratory 
compensation

Metabolic acidosis Winter’s formula:
PCO₂ = (1.5 X [HCO₃] ) + 8 ± 2 mmHg

Metabolic alkalosis Expected pCO2 =0.7x(measured HCO3¯—normal HCO3¯)+40 ±2 mmHg

Metabolic 
compensation

Respiratory acidosis In Acute: HCO3¯ increases 1 mmol/L for each 10 mmHg increase in pCO2
In Chronic : HCO3¯ increases 3 mmol/L for each 10 mmHg increase in pCO2

Respiratory alkalosis In Acute: HCO3¯ decreases 2 mmol/L for each 10 mmHg  fall in pCO2
In Chronic : HCO3¯ decreases 4 mmol/L for each 10 mmHg fall in pCO2

If calculated compensation 
within expected range = simple acid-base disorder
more or less than expected = mixed acid-base disorder



METABOLIC ACIDOSIS

Calculation of various gaps can be helpful in differential diagnosis 

1. Anion gap for diagnosis of metabolic acidosis
2. Delta  gap for diagnosis of high anion gap metabolic acidosis
3. Urine anion gap for diagnosis of non-anion gap metabolic acidosis



Anion gap Metabolic acidosis

Normal anion gap = 12±2 mmol/L

• If the anion of the acid added to plasma is Cl- , the anion gap will be normal
HCl + NaHCO₃               NaCl + H₂CO₃             CO₂ + H₂O  ( decrease in [HCO₃-] is matched by increase in [ Cl-] )

• In Hyperchloremic acidosis , anion gap is normal
• GI loss of HCO₃             Diarrhoea
• Renal loss of HCO₃                   Renal Tubular Acidosis

• If anion of the acid is not Cl- (eg lactate, β hydroxybutyrate) , the anion gap will increase
• HA+ NaHCO₃             NaA + H₂CO₃                CO₂ + H₂O ( A is the unmeasured anion)



Anion gap

1. high anion gap
Accumulation of unmeasured anions

2. normal anion gap
Related to high Cl¯ level

3. Low anion gap
Substantial increase in unmeasured cations 

or
Decrease in unmeasured anions

Hypoalbuminemia

• Albumin is the single  largest contributor to the AG. Therefore adjust AG for hypo  or 
hyper albuminemia 

• Decrease AG 2.5 mmol/L for every  10g/L decrease in serum albumin  from 40 g/L



High Anion gap metabolic acidosis (KULT)

•Ketoacidosis Diabetic KA
Alcoholic KA

•Uraemia eGFR < 20 ml/min
•Lactic acidosis
•Toxin Ethylene glycol (colourless, odourless)

Antifreeze

Methanol (Wood spirit)
Windshield wiper fluid, Varnishes, Dyes

Salicylates
Paraldehyde
Carbon monoxide



Points to remember:

1.  Dipstick for detection of ketones reacts only with acetoacetate and not β
Hydroxybutyrate. The dipstick may significantly underestimate the degree of ketosis 
in Diabetic and Alcoholic KA because of marked increase in 
β Hydroxybutyrate/Acetoacetate ratio

2. The  presence of an increased anion gap is a 
powerful clue to the diagnosis of metabolic acidosis

3. If anion gap is ≥ 30 mmol/L , then there is a high anion gap metabolic acidosis regardless 
of pH and HCO3¯

4. If anion gap is > 20 mmol/L , then there probably is a high anion gap metabolic acidosis, 
regardless of pH and HCO3¯ 



High Anion gap metabolic acidosis

1. Osmolal gap
2. Delta gap/ratio

Osmolal gap: 

• Helpful as an indicator of intoxication
• Calculated osmolality: 

• 2xNaᶧ + Urea in mmol/L + Glucose in mmol/L
• Osmolal gap = Measured osmolality — Calculated osmolality
• An OG >10 mOsm suggests the presence of an osmotically active substance

• Ethanol,
• Methanol
• Ethylene glycol

K
U
L
T



Relationship between AG and Osmolal Gap

HAG MA Osm gap Comments
Ethylene glycol + + * Double gap
Methanol + + * Double gap
Ethanol - +

Acute Kidney Injury
Oxalate crystal in 
urine

Blurred vision, 
Photophobia, 
Blindness



Delta gap:

• Gap between the increase in AG 
(anion gap) and decrease in HCO3¯

• ↑ AG= patients’s AG (corrected for 
hypoalbuminaemia if present) —
normal value 12

• ↓HCO3¯ = normal value 24 mmol/L 
— patient’s HCO3¯

• For each unit INCREASE in AG 
(above normal), HC03 should 
DECREASE one unit (below normal))

HAGMA HCO3 Diagnosis

18 ( 6) 18 ( 6) Appropriate; pure HAG 
acidosis

18 ( 6)     22 ( 2) HCO3 has  less than
predicted, so HCO3 is too 
high; 
A clue to hidden  Metabolic 
alkalosis

18 ( 6)     12 ( 12)         HCO3 has  more than
predicted, so HCO3 is too 
low; 
A clue to Hidden normal AG 
acidosis



Normal anion gap metabolic acidosis

• Diarrhea
• Pancreatic fistula
• Urinary diversion

1.Proximal RTA

2. Distal RTA

Defect in Hᶧ secretion

Loss of HCO3¯ and Naᶧ

Volume depletion

NaCl reabsorption in 
proximal renal tubule

Hyperchloraemic acidosis 
with normal anion gap

3. Aldosterone 
deficiency or resistance

↓ acid secreƟon and
Low NH3 production

Loss of HCO3



Common causes of NORMAL AG Metabolic Acidosis

Cause Mechanism

Diarrhoea Loss of HCO3¯ in stool

Ureterosigmoidostomy, Ileal conduit Loss of HCO3¯ in stool

Proximal RTA (Type 2) Loss of HCO3¯ in urine

Distal RTA (Type 1) Decrease renal acid secretion

RTA (Type 4) Decrease renal acid secretion and low NH3 
production

Carbonic anhydrase inhibitors Loss of HCO3¯ in urine









Differential diagnosis of normal AG metabolic acidosis

• Urine anion gap 
• Urine Osmolal gap

• Urine anion gap: (Naᶧ + Kᶧ) —Cl¯
• (indirect way of estimating NH₄ᶧ excretion)

• Negative Urine AG = GI loss of HCO3¯
• (appropriate elevation of urinary NH₄ᶧ )

• Positive Urine AG =  RTA
• (indicates impaired excretion of Hᶧ)

Caveats:   Less accurate in patients with volume depletion (low urinary Na); and in patients with increased 
excretion of unmeasured anions (e.g. ketoacidosis), where there is increased excretion of Na and K to maintain 
electroneutrality)



Metabolic Alkalosis
• Generation : Loss of Hᶧ through GI tract or kidney or addition of 

alkali
• Maintenance : Failure of kidney to eliminate  HCO3¯  by usual 

manner
• ↓ECF volume
• Hypokalaemia
• ↑MineralocorƟcoid acƟvity

HCO3¯ excretion by 
kidney

Late distal tubule and collectingduct

Principal cell Intercalated cell

Kᶧ

Increase aldosterone:
• ↑sƟmulaƟon of Hᶧ ATPase pump
• ↑Na reabsoption



One Hᶧ loss = one HCO3¯ gain

Hypokalaemia
Angiotensin װ ↓ ECFV

↓
RAAS activates

↓
Angiotensin װ

Renal 
Aminogenesis

Hypokalaemia

Recovery: correction  Kᶧ depletion and volume depletion
Correction of underlying cause



Use of Spot Urine Cl and K

Urine Chloride Low
(< 10 mEq/L)

 Vomiting,
 NG suction
 Postdiuretic

> 20 mEq/L

Urine Potassium

> 30 mEq/L

Diuretic phase of diuretic Rx, Bartter’s, 
Gitelman’s, primary aldo, Cushings, 
Liddle’s,  secondary aldosteronism

Low (< 20 mEq/L) Laxative abuse

Saline/Chloride 
responsive alkalosis

Saline/Chloride 
resistant  alkalosis



Evaluation of a patient with Metabolic alkalosis

Step 1: ↑pH and ↑HCO3¯

Step 2: Respiratory compensation
Expected pCO2 =0.7x(measured HCO3¯—Normal HCO3¯)+40 ±2 mmHg
Compensation is not appropriate

Respiratory acidosis ( if pCO2 is higher than expected)
Respiratory alkalosis (( if pCO2 is lower  than expected)

Step 3: Assess anion gap

Step4: If high anion gap acidosis
Delta gap : (For each unit ↑ AG (above normal), 

one unit ↓ HC03 (below normal)

if ↓ HCO3¯ > ↑ AG = both HAGMA  and Normal anion gap 
metabolic acidosis



Approach to Acid-Base Disorders : A systemic approach 

• 1. Consider the clinical setting
• 2.  Is the patient acidemic or alkalemic?
• 3.  Is the primary process metabolic or respiratory?
• 4.  Is compensation appropriate?
• 4.  If metabolic acidosis, gap or non-gap?
• 5. If high anion gap

• Delta gap 
• Osmolal gap

• 6. If non-gap
• Urine anion gap

• 7.  Is more than one disorder present?



CASE  # 1

A 65 yrs old alcoholic with history of repeated vomiting
Naᶧ 137 mmol/L
Kᶧ 3.8
Cl¯ 90
HCO3¯ 22

pH 7.40
pCO2 41
PO2 85

Anion gap = 137 —(90+22) =25  ( Normal 12±2 ) High AG Metabolic acidosis

Respiratory 
compensation

Winter’s formula = (1.5x 22) + 8 ± 2= 41 ± 2 Appropriate

Delta Gap Anion gap increase = 25—12= 13
HCO3¯ decrease = 24-22= 2 {expected HCO3¯= (24—13)= 11}

Metabolic 
alkalosis

Diagnosis= Mixed acid-base disorder

Apparently normal



Case 1

• Why HAGMA
• Urine ketone
• Blood ketone
• Serum lactate

• Why Metabolic alkalosis
• Urine Cl¯

• Management
• Thiamine
• Normal saline
• D5W



Case # 2
A 40 year old man with long history of iv drug abuse was admitted with lethargy 
and decreased urine output . His respiratory rate was 24/min

Naᶧ 136 mmol/L

Kᶧ 5.1

HCO3¯ 14

Cl¯ 100

Urea 36 mmol/L

Creatinine 750 µmol/L

Glucose 6.4 mmol/L

Albumin 31 mg/dL

Lactate 1.2 mmol/L

pH 7.28

pCO2 30 mmHg

pO2 97 mmHg

Step 1: 
Identify the primary disorder Metabolic acidosis

Step 2 : 
Calculate expected compensation 
WINTER’S FORMULA:  PCO₂ = (1.5 X [HCO₃] ) + 8 ± 2 mmHg

(1.5x 14) +8± 2= 27-31

Step 3:  Calculate AG { Naᶧ—(HCO3¯+ Cl¯)} = 136 —(14+100)= 22 

Step 4 : Delta Gap   Anion gap increase = 22—12= 10;   HCO3¯ decrease = 24—14= 10

Step 5: Identify the cause and determine treatment 

HAGMA



Case 3#
A 42 year old man with history of type 1 diabetes and pancreatitis was admitted with nausea, 
vomiting and severe abdominal pain for the last 4 days . He missed his insulin. 

pH 7.47

pCO2 23 mmHg

pO2 97 mmHg

Naᶧ 120 mmol/L

Kᶧ 3.9

HCO3¯ 17

Cl¯ 60

Urea 18 mmol/L

Creatinine 272 µmol/L

Glucose 40 mmol/L

Albumin 31 mg/dL

Ketone >0.1 mmol/L (+ve)

Step 1: 
Identify the primary disorder Respiratory alkalosis

Step 2 : 
Calculate expected compensation 
In Chronic : HCO3¯ decreases 4 mmol/L for each 10 mmHg fall in pCO2

Step 3:  Calculate AG { Naᶧ—(HCO3¯+ Cl¯)} = 120 —(17+60)= 43 High anion gap MA

Step 4 : Delta Gap    Anion gap increase = 43—12= 31;   
HCO3¯ decrease = 24—17= 7

Metabolic alkalosis



Triple acid-base disorders: Respiratory alkalosis   Hyperventilation
Metabolic alkalosis vomiting
Metabolic acidosis DKA

Step 5: Identify the cause and determine treatment 

Correction of  Naᶧ for hyperglycaemia when calculate AG

Treatment with NaHCO3 in DKA  

No need

• Avoid  as ketones will convert to HCO3
• Indication of HCO3 if pH < 7.1 and HCO3 < 

10 mmol/L
Treatment:
• Isnulin
• IV normal saline
• IV potassium



WATER MOVES

S. Na⁺ FALLS BY 1.6 mmol FOR EVERY 5.6 mmol/L INCREASE IN PLASMA GLUCOSE



Case 4#
A 66 year old female presented to A&E with SOB, nausea and unwell feeling. Back ground 
history of COPD,  CKD, Hypertension and  Arthritis.  BP 138/78 mmHg, Pulse 76/min, 
afebrile. Medications are bronchodilator, CCB,  paracetamol 2 tab qid for pain. 

pH 7.20

pCO2 28 mmHg

pO2 91 mmHg

Naᶧ 138mmol/L

Kᶧ 4.6

HCO3¯ 8

Cl¯ 112

Urea 9 mmol/L

Creatinine 119 µmol/L

eGFR 55 ml/min

Glucose 4.8 mmol/L

Albumin 38 mg/dL

Ketone Negative

Lactate Negative

S. Osmolality 293

Step 1: 
Identify the primary disorder Metabolic  acidosis
Step 2 : 
Calculate expected compensation (1.5x8)+8±2 =20±2 Respiratory acidosis

Step 3:  Calculate AG { Naᶧ—(HCO3¯+ Cl¯)} = 138 —(8+112)= 18 High anion gap MA

Step 4 : Delta Gap    Anion gap increase = 18—12= 6;   
HCO3¯ decrease = 24—8= 16

Normal  anion gap MA



Glucose 4.8 mmol/L

Albumin 38 mg/dL

Ketone Negative

Lactate Negative

S. Osmolality 293 mOsm/Kg

Naᶧ 138 mmol/L

Urea 9 mmol/L

Calculated osmolality=2x Na+ urea + glucose
2x138 + 9 + 4.8 = 289.8

Exclude:
Ethylene glycol
Methanol

Salicylates poisoning

What is the diagnosis ?

: No
Respiratory alkalosis followed by high AG 
metabolic acidosis



Or pyroglutamic acid
High Urinary and blood pyroglutamic acid 

Diagnosis : Pyroglutamic 
acidosis due to paracetamol

Flucloxacillin

Clinical conditions associated with:
Sepsis
Malnutrition
Pregnancy

Medications:
Paracetamol
Flucloxacillin

Clinical clue: unexplained high anion gap metabolic acidosis with normal osmolal gap 

Treatment:
stop the offending agent
N-acetylcysteine (NAC)



Case 5 ±
A 29 year old overseas student presented to emergency department with confusion. Vital 
signs were normal and clinical examination was unremarkable except GCS 13/15. Envelope 
like crystals on urine sediment.

pH 7.219

pCO2 35.2 mmHg

pO2 78 mmHg

Naᶧ 140 mmol/L

Kᶧ 5.3

HCO3¯ 18

Cl¯ 100

Urea 3.3 mmol/L

Creatinine 82 µmol/L

eGFR >90 ml/min

Glucose 4.7 mmol/L

Calcium 2.23 mmol/L

Mgᶧ 0.86 mmol/L

Albumin 42 mg/dL

Step 1: 
Identify the primary disorder Metabolic  acidosis

Step 2 : 
Calculate expected compensation (1.5x18)+8±2 =35±2 Appropriate compensation

Step 3:  Calculate AG:  { Naᶧ—(HCO3¯+ Cl¯)} = 140 —(18+100)= 22 High anion gap MA



High anion gap 
metabolic acidosis 

KULT
Ketoacidosis
Uraemia
Lactic acidosis
Toxins

Glucose 4.8 mmol/L

Albumin 38 mg/dL

Ketone Negative

Lactate Negative

S. Osmolality 382 mOsm/Kg

Calculated osmolality:  2xNa + Urea + Glucose
2x140 + 3.3 + 4.8 = 288

An OG >10 mOsm suggests the presence of an osmotically active

• Ethanol,
• Methanol
• Ethylene glycol

Osmolal gap

<0.1



Ethanol

Oxalic acid

Treatment
Ethanol
IV NaHCO3
Haemodialysis

7/3/2016 05:56 am

pH 7.395

pO2 96.1 mmHg

pCO2 45.1 mmHg

SpO2 97.7%

HCO3 27.0 mmol/L

Cr 71 umol/L

Na 138 mmol/L

K 4.0 mmol/L

Cl 106 mmol/L

Glucose 4.9 mmol/L

On Discharge

Osmol Gap = 5.8



Case 6#
A 38 year old man was  admitted with vomiting , dizziness and weakness. BP was 128/76 
seated and 102/60 standing.  

pH 7.53

pCO2 63 mmHg

pO2 89 mmHg

Naᶧ 129 mmol/L

Kᶧ 2.5

HCO3¯ 58

Cl¯ 58

Glucose 4.7 mmol/L

Albumin 42 mg/dL

Urea 18 mmol/L

Creatinine 105 µmol/L

eGFR 78 ml/minStep 1: 
Identify the primary disorder Metabolic  alkalosis

Step 2 : 
Calculate expected compensation 

Expected pCO2 =0.7x(measured HCO3¯—Normal HCO3¯)+40 ±2 mmHg

0.7x(58-24) + 40 = 63.8 ± 2      Appropriate compensation

Step 3:  Calculate AG:  { Naᶧ—(HCO3¯+ Cl¯)} = 129 —(58+58)= 13 Normal anion gap



Diagnosis : simple metabolic alkalosis

Next Step Urine Cl¯  < 10 mmol/L Chloride responsive

Treatment : IV 0.9% NaCl 
Kᶧ supplement



Case 7 #
A 32 year old  man  presented with history of  diarrhoea for 2 weeks. BP was 115/57 mmHg supine and 105/ 
55 standing.  Pulse was 110/min and regular.

pH 7.32

pCO2 30 mmHg

pO2 98 mmHg

Naᶧ 139 mmol/L

Kᶧ 2.5

HCO3¯ 15

Cl¯ 115

Glucose 6.2 mmol/L

Albumin 42 mg/dL

Urea 11 mmol/L

Creatinine 132 µmol/L

eGFR 61 ml/min

Urine
pH 6.4
Naᶧ 20
Kᶧ 15
Cl¯ 55
Osmolality 600

Step 1: 
Identify the primary disorder Metabolic  acidosis

Step 2 : 
Calculate expected compensation (1.5x15)+8±2 =35±2 Appropriate compensation

Step 3:  Calculate AG:  { Naᶧ—(HCO3¯+ Cl¯)} = 139 —(13+115)= 11 Normal anion gap

Step 4 : Urine anion gap:  (Naᶧ + Kᶧ ) — Cl¯ = (20+ 15) — 55 =  — 25

Diagnosis : HCMA due to diarrhoea 



Case 8#
A 49  year old lady with  history of COPD and recurrent pancreatitis presented with lethargy 
and muscle weakness.  She takes NSAID regularly for back pain.

pH 7.26

pCO2 39 mmHg

pO2 55 mmHg

Naᶧ 139 mmol/L

Kᶧ 2.8

HCO3¯ 12

Cl¯ 115

Glucose 5.8 mmol/L

Albumin 37 mg/dL

Urea 11 mmol/L

Creatinine 143 µmol/L

eGFR 38 ml/min

Urine

pH 6.6

Naᶧ 75

Kᶧ 23

Cl¯ 65Step 1: 
Identify the primary disorder Metabolic  acidosis

Step 2 : 
Calculate expected compensation (1.5x12)+8±2 =26±2 Respiratory acidosis

Step 3:  Calculate AG:  { Naᶧ—(HCO3¯+ Cl¯)} = 139 —(12+115)= 12 Normal anion gap

Step 4 : Urine anion gap:  (Naᶧ + Kᶧ ) — Cl¯ = (75+ 23) — 65 =  33

Diagnosis : HCMA due to RTA 



Renal Tubular Acidosis

Type 1 (distal) Type 2 (proximal) Type 4

Defect distal acid.     prox HCO3 reab aldo

HCO3 May be < 10 12-20 > 17
Urine pH > 5.5 <5.5 in chronic phase < 5.5

>6.5 in early phase
Plasma K Usually low Usually low High
Response Good Poor Fair
to HCO3 Rx

Neprocalcinosis
Nephrolithiasis

YES NO NO



Treatment of RTA

• NaHCO3 tablet to correct acidosis
• Potassium supplement  before correcting acidosis

• HCO3 increases Kᶧ loss in urine
• Kᶧ Citrate
• KHCO3 tablet ( normal renal function)
• Amiloride (Kᶧ sparing diuretic) (in normal renal function)
• Treatment of underlying cause



Case 9#
An afebrile 25 year old gentleman with no past medical history  was brought to A&E  because 
of confusion for 3  hours and vomiting. He was tachypneic , BP 125/67 mmHg

pH 7.5

pCO2 20 mmHg

pO2 55 mmHg

Naᶧ 143 mmol/L

Kᶧ 3.1

HCO3¯ 16

Cl¯ 100

Step 1: 
Identify the primary disorder Respiratory alkalosis

Step 2 : 
Calculate expected compensation 

In Acute: HCO3¯ decreases 2 mmol/L for each 10 
mmHg  fall in pCO2 Metabolic  acidosis

Step 3:  Calculate AG:  { Naᶧ—(HCO3¯+ Cl¯)} = 143 —(16+100)= 27 High anion gap MA

Step 4 : Delta Gap    Anion gap increase = 27—12= 15   
HCO3¯ decrease = 24—16= 8 Metabolic alkalosis



Triple Acid-Base problems

Respiratory alkalosis Tachypneic

Metabolic alkalosis Vomiting

High anion gap MA

Ketoacidosis Diabetic KA
Alcoholic KA

Uraemia eGFR < 20 ml/min
Lactic acidosis

Toxin Ethylene glycol
Methanol
Salicylates
Paraldehyde
Carbon monoxide

Salicylate poisoning Lactic acid and ketoacid production

Ventilator: pCO2 <20 mmHg
Serum alkalinisation 
Early Haemodialysis

Clinical deterioration
Renal failure
pulmonary edema
Intractable acidosis
Coma and Seizure
ASA level >100mg/dl (acute)
ASA level >70 mg/dl (chronic)



Case 10#
A 50 year old woman presented with protracted vomiting and abdominal pain. Abdominal x-ray revealed an ileus. 
Temp 37.6, BP initially 130/86 and later dropped at 86/54 mmHg. Abdomen was tender and no bowel sound. 
Given Nasogastric suction and IV fluid 

pH 7.40

pCO2 39 mmHg

pO2 88 mmHg

Naᶧ 144 mmol/L

Kᶧ 4.5

HCO3¯ 23

Cl¯ 91

Does she have any acid-base disorder ?
Step 1: 
Identify the primary disorder

Step 2 : 
Calculate expected compensation 

Step 3:  Calculate AG:  { Naᶧ—(HCO3¯+ Cl¯)} = 144 —(23+91)= 30  High anion gap MA

Step 4 : Delta Gap    Anion gap increase = 30—12= 18   
HCO3¯ decrease = 24—18= 6

Metabolic alkalosis



A 64 old man presented with, vomiting, diarrhoea, confusion and vision loss. Background history of insulin 
treated DM for 20 yrs and hypertension and CKD with baseline eGFR 43 mi/min. He does not drink alcohol.  
His medications were Metformin 500mg/sitagliptin 50 mg one tablet bd, lercanidipine 10 mg, Lantus 20 
units. Haemodynamically stable on arrival in A&E dept. His pupils were dilated with sluggish light reflex. He 
collapsed within few hours and intubated.

pH 6.64

pCO2 15.5 mmHg

pO2 77 mmHg

Glucose 7.7 mmol/L

Albumin 41 mg/dL

Ketone Negative

Lactate 19 mmol/l

S. Osmolality 360 mOsm/kg 

Naᶧ 145mmol/L

Kᶧ 6.8

HCO3¯ 2

Cl¯ 90

Urea 35.5 mmol/L

Creatinine 1113 µmol/L

Ethanol <0.01%

Urine

Ketone + +

Glucose + + + +

Protein + +

Step 1: 
Identify the primary disorder Metabolic  acidosis

Step 2 : 
Calculate expected compensation (1.5x2)+8±2 =11±2 Respiratory acidosis



Step 4 : Delta Gap    Anion gap increase = 53—12= 41   
HCO3¯ decrease = 24—2= 22

Step 3:  Calculate AG:  { Naᶧ—(HCO3¯+ Cl¯)} = 145 —(2+90)= 53  

Calculated osmolality=2x Na+ urea + glucose
2x145 + 7.7 + 35.3 = 333

Measured Osmolality 360

• Ethanol <0.01%
• Methanol Undetectable
• Ethylene glycol Undetectable

Diagnosis  MALA



MALA - Mechanism



Transient vision loss in MALA



MALA

• Treatment: 
• Supportive care: ICU admission, vasopressors, ventilation 
• IV HCO3 
• Renal replacement therapy – usually CRRT given haemodynamic compromise 

in most patients 

• In hospital mortality 35-45%:
• Major predictor of mortality is pH 



THANK YOU


