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CASE A

• 10 year old female child

• Vomiting - 2 days, Breathing difficulty – 1 day, Pain abdomen – 1 day ,H/o recent
onset increased thirst, increased urination, weight loss, No significant past illness.

• O/E HR 140/min, RR 40/min, BP 90/50mmHg, SpO2 98% RA, minimal WOB, chest
b/l clear, cold peripheries, feeble peripheral pulses, lethargic but conscious



Initial Investigations 

pH 6.98

pCo2 9.4

pO2 54 

HCO3 2.2

BE -12

Lactate 0.74

CBG 394mg/dL

Blood ketones 7 mmol/dL

VBG



All in same direction (metabolic )

HCO3CO2pH



Investigations 

CBC
15 /16000/ 3.2 lakh

Urea/Cr 40/1

Na: 133 meq/l

K: 5.1meq/l

Cl: 104meq/l

pH 6.98

pCO2 9.4

pO2 54 

HCO3 2.2

BE -12

Lactate 0.74

C .Na = M. Na + 1.6 ( Glu – 100/100)
138.9

For every 100 change in Glu 1.6 change in Na  (moves in 
opposite direction) 

Osmolality =  2x Na + glucose/ 18 
299.8 mosm/KgH2O

Anion Gap: 32

∆ AG: 20

∆ HCO3: 21.8

∆AG/ ∆HCO3 = 0.91

VBG



Step wise approach 

• Acidosis , metabolic, expected CO2 11±2

• AG 32 (ketoacids) , Delta ratio ∆AG/ ∆HCO3 = 0.91

• Delta gap : (AG-12)+ Hco3 = 22

<18 additional NAGMA

18-30= No additional metabolic disorders

>30 = Additional metabolic alkalosis



DKA with HAGMA with complete respiratory compensation 

Delta ratio 

DELTA RATIO = AG-12/ 24- HCO3-

Delta ratio Type of  acidosis

< 0.4 Pure NAGMA

0.4-0.8 Mixed NAGMA+HAGMA

0.8- 2.0 Pure HAGMA

> 2.0 Mixed HAGMA+ Metabolic
alkalosis



Role of soda bicarbonate

Harm Cautious uses



Course in hospital …

• Diagnosis: Severe DKA  

• Management: fluid bolus 10ml/kg NS over 1 hr, insulin infusion started at 
0.05U/Kg/hr, fluid correction started based on ISPAD guidelines

• 24 hours later ABG 7.16 / 20.2 / 115/ 15.1 / -12 / lactate 1.3 

• First look: Metabolic acidosis with resp. alkalosis… is it still HAGMA? 

• Glucose – 180 mg/dl

• Sodium - 142  ,  Sodium© - 143.6

• Osm – 298 

• Cl 122, Cl/Na – 0.85

• AG: 6 {143- (122+15)}

• Delta gap :  12-6/24-15(6/9)= 0.66 (NAGMA+HAGMA)



STRONG ION DIFFERENCE (Stewart concept)

Decreased SID after NS 
infusion 



Strong ion gap interpretation

SID N 38-42
SID< 38 Acidosis
SID> 42 Alkalosis
Atot increased acidosis
Atot decreased alkalosis



CASE B 

• 2 year old child admitted with 3 days of fever, vomiting multiple episodes,
decreased UO, increased dullness with fast breathing with weak peripheral
pulses. Received 40ml/kg fluid bolus

• o/e HR 180/min, RR 50/min, BP 70/30 (40) mmHg, CRT >3 sec,SpO2 98% RA, no
WOB, chest b/l clear, air entry equal. peripheral pulses weak, altered sensorium,
bedside echo suggest moderate LV dysfunction EF 45%, IVC collapsible, lung USG
Normal



Investigations

pH 7.20

pCO2 34

pO2 110

HCO3 15

BE -9

Lactate 4.3 mmol/L

•Interpretation: Acidosis, metabolic, compensation (winters formula) comes to 30±2.
•Metabolic acidosis with partial respiratory compensation
AG 20. Delta ratio ∆AG/ ∆HCO3 = 8/9=0.9. Pure HAGMA.

Cause : Lactic acidosis (hypoperfusion/anerobic glycolysis/ septic myocardial

dysfunction)

Na 135

K 4

Cl 100

Hco3 15

CBC 9/22000/80,000

CRP 90

SGOT/SGPT 500/200

Urea/Creat 30/0.4

ABG



• Provisional diagnosis: Septic shock (unknown focus)

• Broad spectrum antibiotics given. Patient started on vasoactive drugs
(adrenaline, Noradrenaline). Intubated for further shock
management.

• Metabolic acidosis . Are we done?



Correct the AG 

• Important question S. Albumin level 2.5.

• Corrected AG= AG+ (4-S.Alb g/dL)x 2.5

• Patient Alb 2.5g/dL

• Here corrected AG is 20+4= 24 

Fallacies of AG: false Low AG

• Reduced anions (hypoalbuminemia): common in critical illness

• Hypercalcemia and hypermagnesemia

• Unmeasured cations (lithium and hyperglobulinemia)



CASE C

• 4 months old infant

• low grade fever, refusal to feed, persistent vomiting, and lethargy developed over
2 to 3 days. His family history is significant for consanguinity and previous one
sibling death due to short febrile illness during infancy.

• O/E HR 160/min, RR 60/min, Systolic BP 70mmHg, CRT 2 sec, SpO2 96% RA, Chest
b/l clear, no WOB, no murmur, peripheral pulses well felt, drowsy sensorium,
minimal response to pain.



Investigations

pH 7.05

pCo2 12

Hco3 6

BE -15

Lactate 3 mmol/L

Glu 70 mg/dL

Nh3 600 mg/dL

•Interpretation : Acidosis , metabolic, expected CO2 17±2.
•Less than expected CO2 (17) = added respiratory alkalosis (common in early sepsis)
•AG 24/ HAGMA with respiratory alkalosis Delta ratio= 24-12/24-6= 12/8=1.5
•Cause: accumulation of unknown anions? Sepsis ? IEM
•Underlying cause of lactic acidosis: hypoperfusion due to poor feeding and increased
losses/ metabolic cause

Na 126

K 5

Cl 96

Hco3 6

CBC 8/2400/30,000

SGOT/SGPT/Alb 30/20/3.5

Urea/Creat 40/0.7

VBG



Osmolar Gap

• Useful in unknown intoxication

• Cosm = 2(Na+) + Glu (mg/dL)/18 + BUN/2.8 + 1.25(Ethanol)

• Osm Gap= Osm(measured) - Osm( calculated)

• Osmolality (Normal)= 280 to 300 mosm/KgH20. 

• High osmolar Gap  > 10mosm/KgH20. 

• High Osm gap  causes: Methanol, Ethanol, severe alcoholic/Diabetic 
ketoacidosis, Lactic acidosis



Further work up 

• Urine organic acids: propionic academia

• Presented with metabolic crisis triggered by a viral infection with
hyperammonemia with sepsis features and shock. Pancytopenia, encephalopathy
vomiting are common features.

• Management: NPO, 10% Dx ivf, sodabicarb infusion (to correct pH in metabolic
crisis), RRT for hyperammonemia (PD/CRRT), antibiotics, IEM cocktail, special
formula.

• IV SODABICARB Correction (7.5%)= 0.3-0.6 x Wgt x BE



Lactate pathway..gluconeogenesis..



Lactic acidosis classification (cohen and wood)

B3 (Metabolic)
D- lactate, MELAS 

Hypoglycemia 

B2  Malignancy, 
thiamine deficiency
NRTI (ART), β
agonists

B1 Systemic 
diseases



CASE D

• 2 year old child

• H/o fever, cough 7 days, difficulty breathing 3 days, decreased feeding 2 days,
decreased UO last 12 hours, 6 year elder brother had URI a week ago.

• o/e vitals HR 150/min, RR 80/min, BP 80/50(55)mmHg, Severe respiratory
distress, increased WOB, SpO2 60% Room air, peripheral pulses felt, irritable and
confused look, On NRM SpO2 improved up to 86%.

• Respiratory failure ? Severe pneumonia



Investigations

pH 7.18

paO2 50

pCO2 48

HCo3 18

BE -6

Lactate 2.5

Glu 100mg/dL

Na 135

K 3.8

Cl 100

HCO3 18

CBC 10/8000/3,00,000

CRP 80

SGOT/SGPT 100/40

Urea/Creat 20/0.3

•Interpretation : Acidosis, metabolic? Expected CO2 35±2
Patient CO2 higher : coexisting respiratory acidosis
•AG: 135- 118= 17 (HAGMA)
•Delta gap: 5/6 =0.85 (Pure HAGMA)
•Cause of mixed acidosis: prolonged hypoxia and poor compensation from diseased lungs.

ABG



• Diagnosis: Severe pneumonia with ARDS ?viral pneumonia

Throat swab : positive for H1N1 
Management: mechanical 

ventilation- lung protective 
strategies

Oral oseltamivir, antibiotics



Suspect mixed disturbance 

• Clinical history is important 

• -- pH normal, abnormal PCO2 n HCO3

• -- PCO2 n HCO3 moving opposite directions

• -- Degree of compensation for primary disorder is inappropriate



Henderson Hasselbach equation

H+= 24 x pCo2/HCO3

1. Look at pH?

2. Who is the culprit ?...Metabolic / Respiratory

3. If respiratory…… acute and /or chronic

4. If metabolic acidosis, Anion gap ↑ or N ,if high calculate delta gap, correct for Alb

5. Net gain endogenous or exogenous load, loss of bicarb, impaired acid excretion

6. Is more than one disorder (mixed) present?

7. Correlate clinically

Consider the clinical settings! Anticipate the disorder
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Conclusion 

• Clinical correlation is important

• Lactic acidosis is not always due to hypoperfusion or circulatory failure

• Mixed disorders are not uncommon

• Step wise systematic approach will avoid errors in interpretation

• Both Boston (Henderson Hasselbach equation) and stewart approach are useful

• Pick up lab and sampling errors- Treat the patient and not the blood gas !!



Be ready with a calculator !!

Life stands on a fine balance !!  

Thank you!!


