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Oh my God, “ Give me our daily 

bread, air, sunshine, normal 

pH, and fast WIFI ”



Pediatrician and metabolic 

acidosis
1) Diarrheal dehydration

2) Renal tubular acidosis – first presentation

3) Diabetic ketoacidosis

4) Poisoning  - INH, salicylate, methanol, ethylene glycol 

5) Inborn metabolic disorders – MMA, Mitochondrial disorder

6) Septic shock – AKI 

3

Severe metabolic acidosis occurred in 1.5% of the patients in the ICU. The ICU and hospital 

mortality rates of these patients were 43.5% and 48.3%, respectively - Yagi and Fujii Critical 

Care   Management of acute metabolic acidosis in the ICU: sodium bicarbonate and renal replacement 

therapy   (2021) 25:314 https://doi.org/10.1186/s13054-021-03677-4

https://doi.org/10.1186/s13054-021-03677-4


Stepwise approach to Metabolic Acidosis

1) Suspect clinically based on effortless tachypnea and confirm by ABG

2) Is it respiratory or metabolic acidosis?

3) Whether it is NAGMA or HAGMA?

4) Is it uncompensated or compensated (older way of categorization)?

5) Is it a simple or mixed disturbance (current way of categorization)? 

6) Is it a mixed disturbance - metabolic and respiratory?

7) Is it double metabolic, such as a) Pure HAGMA, b) HAGMA with NAGMA                        
c) HAGMA with metabolic alkalosis - delta/delta ratio , 

8) Management is treating the primary illness in all causes and in a few replacement 
of HCO3, antidotes for primary problems     (e.g Pyridoxin, Fomepizole)

9)   Severe acidosis is a definite indication for CRRT

10) Risks and contraindications of HCO3 limits use of HCO3 
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Sources of acid     - why pH has to be in the optimal range?

Non volatile (fixed) acids 

1.  Lactic Acid = Anaerobic 
Metabolism in shock, IEM

2. Acid PO4 & Sulfate = Protein 
breakdown

3. Ketoacids -Fat Breakdown in DKA 

4. Ingestion acid salts: Salicylate 
ingestion

Volatile acids

Carbonic acid in Respiratory failure

H20 + CO2  = H2CO3

pH Variation

• Disturbs electrical charges of 
chemicals

• Alters serum level of potassium

• Affects myocardial contractility

• Leads to Arrhythmia

• Causes tetany
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Clinical suspicion of metabolic acidosis
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       Schematic Diagram of H+ Ion Balance

PCO2 Non-Volatile acids

Each day approximately 15,000 mmol of CO2 (respiration)                                  
50 -100 meq of non volatile acids are produced (protein digestion)    

Buffer – MD/DNB PG
Lungs – Registrar/AP
Kidney – Consultant 

8

40 nmols/L



Child with breathlessness

10/12 old girl

Second child of  2º consang.
parents with developmental   
delay, fever,  vomiting, 
breathlessness
Tachypnea, drowsy, comp 
shock.  

Initial clinical Dx: 
Bronchopneumonia, sepsis
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From respiratory to IEM CXR: Normal
CBC, urea, creat, Na, K: Normal.
HCO3 low
ABG: Metabolic acidosis
AG: high
CBG: Hypoglycemia
Urine Ketones: Present
Diagnosis: IEM probably OA
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• Plama AA & Urine organic acid chromatography- IEM 
METHYLMALONIC ACIDEMIA 

• Improved after supportive management



Mixed disturbances are like                               
coalition Government.                                     
Anything can happen in politics 
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Metabolic
Acidosis

HAGMA/NAGMA

Metabolic 
Alkalosis 

Respiratory 
Acidosis 

Respiratory
Alkalosis

ACUTE AND CHRONIC
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3.  Clue:  Under or over compensation
• E.g Rules for compensation predict the expected pCO2 for a given HCO3. 

Reduced or excessive (inappropriate) compensation - mixed disorder. If the 
PaCO2 is higher or lower than expected, then there is mixed disturbance
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3. Double metabolic

• Eg. CRF patient (Chronic metabolic acidosis) develops vomiting , loss 
of chloride leads to rise of HCO3  & M.Alkalosis.  But AG remains 
high.

This discrepancy - High AG and Normal HCO3 indicates associated  
M.Alkalosis

HAGMA + NAGMA = CKD with diarrhea

NAGMA + MET. ALKAL = Barters  + Diarrhea
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Delta/Delta ratio or Delta/Delta gap need to be calculated 
……… to identify this problem.



DELTA GAP or DELTA RATIO 
If there is HAGMA, Evaluate for additional metabolic 

disturbances like double metabolic. 

Step 1: Calculate the AG

Step 2: Calculate the AG – how much 
it is raised >12 (delta AG)

Step 3: Check the serum HCO3 level

Step 4: How much HCO3 is fallen 
below 24 (delta HCO3)

Step 5: Delta AG / Delta HCO3

• Determine the delta anion gap/delta 
HCO3 ratio

=  (AG -12)/ (24-HCO3) 

• (1) Pure HAGMA  (2) Pure HAGMA + 
NAGMA  (3) HAGMA + METABOLIC 
ALKALOSIS

Delta AG :       HOW MUCH EXCESS AG > 12                                     
Delta HCO3:   HOW MUCH LESS HCO3 < 24 17



The delta ratio is a ratio comparison of the change in AG to the change in HCO3.
= (change in anion gap) / (change in bicarbonate)
(The normal AG is assumed to be 12, and the normal HCO3 is assumed to be 24.)

Delta ratio Assessment Guidelines

< 0.4 < 0.4 = pure normal anion gap acidosis (Pure NAGMA)

0.4- 1 High AG & Normal AG acidosis (HAGMA + NAGMA)

1 to 2

Pure High Anion Gap Acidosis (Pure HAGMA)

Lactic acidosis: average value 1.6

DKA more likely to have a ratio closer to 1 due to urine ketone loss

> 2 High AG acidosis and a concurrent metabolic alkalosis                                

(HAGMA + METABOLIC ALKALOSIS) 18



CASE SCENARIO
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CASE SCENARIO

pH 7.44

pCO2 12

HCO3 8

Na 136

Cl 106

IMPRESSION

HAGMA + Respiratory 
alkalosis

History
Any diarrhea? tachypnea?

Clinical conditions
1. IEM with diarrhea

dehydration
2. DKA on day 2 

3. CKD with fever and 
diarrhea
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AG = 136 – (106+8 =114) = 22
Exp PCO2  =12+8 =20 (18 – 22) 



CASE SCENARIO

pH 7.44

pCO2 12

HCO3 8

Na 136

Cl 106

STEPS INTERPRETATION

pH Normal. But ??

Exp PCO2 1.5 x 8=12+8=20 (18 –22) 

Anion gap AG- 136-114 =22

∆ AG 22-12 = 10

∆ HCO3 24-8= 16

Delta/delta 
ratio

10/16 = 0.62
HAGMA + NAGMA

Exp pCO2 15 + 8 = 23

pCO2 Actual (12) < EXP (23)

IMPRESSION

HAGMA + NAGMA 
Respiratory alkalosis

DELTA GAP: 10-16 = -6 21



ALBUMIN LEVEL AND AG
• Anion gap measurement: Albumin contributes about 75% to the total 

AG value, which means hypoalbuminemia should result in a smaller 
anion gap. 

• For this, there are multiple possible equations, but the easiest to 
remember is the 4:1 rule: for every 0.4g/L decrease in serum albumin, 
the normal expected anion gap decreases by 1. 

• If serum albumin level 3.2, the expected anion gap is 10 instead of 12                 
( 2 LESS)

• If serum albumin level 2.8, the expected anion gap is 8 instead of 12              
( 4 LESS)
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Risks HCO3 therapy: 

• High osmolar solution, 2000 MOSM/L

• Risk of hypernatremia, hypokalemia & worsening of IC/intracranial acidosis

• Precipitation when combined with calcium

Indications (as infusion): 

• Hyperkalemia with Acidosis.

• Freely given: Cyanotic spells even without any lab test initially

• Initial treatment: Poisoning, IMD

• In cases of severe acidemia (pH < 7.0), IV  bicarbonate may be 
considered

• Continuous therapy: In chronic HCO3 loss as in renal tubular disorders

• Never needed: Diarrheal dehydration with metabolic acidosis

• Sodium bicarbonate is used occasionally & no robust evidence

Contraindication: Diabetic ketoacidosis

Sodium Bicarbonate therapy 
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How to administer bicarbonate therapy?

• Very limited & selective role except in Poisoning, IEM, chronic loss

• IV HCO3 therapy is generally used when a rapid response is necessary in 
the presence of cardiac impairment. Given as a bolus, at a dose of 1 
mEq/kg, mixed with equal volume of D5 over 15-30 mins  in an emergency. 

• Followed by 1-2 mEq/kg as an infusion over 4-6 hrs

• Formula: 0.3 x base deficit x kg BW or 1 mEq/kg 

• Further therapy after careful monitoring of electrolytes and blood gases

• Patients with severe metabolic acidosis and stage 2 or 3 AKI might be a 
possible target population for Na HCO3 administration.
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Metabolic acidosis

Calculate AG

Wide AG Normal AG

DKA, Sepsis
Renal failure

Salicylate poisoning
IEM

1. Diarrheal disease
2. Renal Tubular Acidosis

UAG POSITIVE – DISTAL RTA
UAG NEGATIVE – PROXIMAL RTA

IEM
1. OA (High Ammonia)

2. GSD (Hypoglycemia, high lact)
3. FAO defects (Hypoglycemia, No ketonuria)

Glucose, Urea, creatinine N,
No H/O poisoning/Toxidrome

25

DX TREE 



METABOLIC ACIDOSIS

DR L K PREMKUMAR

CONSULTANT PEDIATRICIAN 

DR MEHTA’S HOSPITAL 
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Diagnostic evaluation of primary metabolic 
acidosis
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CASE 1

• 6 month old female infant with failure to thrive presents 
to your clinic. Mother gives history of increased diaper 
weights and increased thirst. The child's weight is <3rd 
centile for age. The kidney ultrasound shows hyperechoic
medulla. Blood gas analysis and serum biochemistries are 
as follows:

• pH 7.18, pCo2 - 19 HCo3 – 11.2
• Na – 133
• K – 3.05
• Cl –109
• HCO3 – 12
• Serum creatinine – 0.5 mg/dl, serum albumin 4.0 g/dl
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• pH 7.18, pCo2 – 19, HCo3 – 11.2, 

• Na – 133, K – 3.05, Cl –109, HCO3 – 12

STEP 1 - pH

Acidemia

STEP 2 – Direction of pH and pCo2

Metabolic (same direction)

29



STEP 3 – Compensation (Winter's formula)

PCo2 = 1.5(12)+8 ± 2 = 26 ±2 (24-28)

Metabolic acidosis with adequate respiratory 
compensation 

STEP 4 - ANION GAP
Na - (Cl + Hco3)

133 –(109+12) =12 (normal AG)
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DIAGNOSIS

• METABOLIC ACIDOSIS WITH ADEQUATE RESPIRATORY 
COMPENSATION

• NORMAL ANION GAP METABOLIC ACIDOSIS

• Probably – Renal Tubular Acidosis
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TREATMENT

• Treatment principle includes potassium supplementation 
followed by alkali supplements.

• Correct hypokalemia 1st with KCl ( 20%)- 2mEq/ml or oral 
potklor- 20 mEq in 15ml. 

• Once serum potassium is > 3.2, correction of metabolic 
acidosis using potassium citrate (alkali supplement of 
choice) should be initiated .

• Daily requirement for alkali to target normal bicarbonate 
levels is 3-6mEq/kg/day in infancy and early childhood 
to 1-2mEq/kg/day during adulthood.
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CASE 2
• A 2-year-old boy was brought to the ER 2 hours after ingestion of 9 

tablets of amitriptyline. He was pain responsive, pupils dilated. He 
was tachycardic, had normal BP, and needed O2.

• Airway secured and gastric lavage performed, charcoal administered. In 
PICU treated with IVF sodium bicarbonate. Serum electrolytes, CBC Normal.

• ABG – metabolic acidosis. ECG shows sinus tachycardia, with VPCs 
and ORS duration 0.15.

• The sensorium improved in the next 24 hours. ECG did not show any 
cardiac arrhythmia. In approximately 24 hours, he became alert and 
accepted oral feeds.

• 1) Cause of metabolic acidosis?

• 2) What is the antidote and the objective of treatment?
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• Overdose of TCA 

Signs of toxicity occur within 2 hrs of ingestion

Cardiovascular, anticholinergic, neurological manifestations are 
common 

Respiratory depression may occur 

Toxicity usually lasts for 24-48 hrs

• ECG should be obtained early in these patients 

34



• It is due to multiple-impaired mitochondrial function, leading 
to the production of lactic acid and ketoacids, and a resulting 
disruption in normal cellular energy production.

• QRS duration of > 0.10 seconds has been associated with 
increased incidence of seizures and > 0.16 on an ECG in 
conjunction with acidosis is a critical indicator of impending 
fatal cardiac arrhythmias. 

Treatment: 

• Effort should be made to minimise the formation of acidosis
• Acidosis may increase cardiac/ neurological toxicity
• Objective is to keep the pH between 7.50- to 7.55
• IV Sodium bicarbonate acts like a chemical antidote here

35



• IV sodium bicarbonate is given as a bolus of 1mEq/kg followed 
by IV infusion

• Aim of this therapy is to narrow the QRS and to keep pH bw
7.5-7.55

• Other supportive treatments as per the clinical conditions 
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CASE 3

A male baby born to primi mother with birth wt of 4.0 kg was 
brought on D15 of life with poor feeding and lethargy for one 
day. The baby is on EBF and there is no history of diarrhea. No 
wet diapers for last 14 hours. Examination- irritable and 
lethargic and has severe dehydration. His current wt is 2. 5 kg , 
loss of 37%. HR was 160/min with feeble pulses.

Tests including ABG is as below:

• pH 7.29, pCo2-28.5, HCo3 – 13.5, Na – 165, K – 5.95, Cl –124, 
HCO3 –13.5

• Serum creatinine – 1.9 mg/dl, serum urea- 156 mg/dl
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• pH 7.29, pCo2 28.5, HCo3 13.5, Na 165, K 5.95, Cl 124, 
HCO3 13.5

STEP 1 - pH
Acidemia

STEP 2 – Direction of pH and pCo2

Metabolic (same direction)

STEP 3 – Compensation (Winter's formula)

PCo2 = 1.5(13.5)+8 ± 2 = 28 ±2 (26-30)
38



• Metabolic acidosis with adequate respiratory compensation

STEP 4 - ANION GAP

Na - (Cl + Hco3)

165 –(124+ 13.5) = 27.5 (high AG)
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Diagnosis and further management

• Hypernatremic dehydration – high anion gap 
metabolic acidosis

• Treatment:

Aim is to slowly normalise the serum Na level by 
giving sufficient amount of free water 

 Fluid resuscitation – newborn with anuria and  
hemodynnamic instability should receive bolus

fluid of NS before correcting the free water deficit 

Maintenance fluid- 0.45% DNS, 0.9% DNS is usually 

used 
40



CASE 4

• 1 and a half yr old female child brought to the hospital with c/o 
vomiting and loose stools for the past 2 days associated with 
fever and abdominal pain 

• h/o of poor oral intake and child last voided urine 6 hrs back 

• O/E child conscious, lethargic, tachypnoea with tachycardia 
with signs of moderate dehydration 

• Investigations done showed normal CBC and negative CRP. 
Serum electrolytes showed Na- 135, K-3.8, HCO3- 16, Cl- 102. 
RFT was normal 
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• VBG done showed pH of 7.38, pCo2- 40mm/Hg, 
HCO3-16 mEq, PaO2- 95mm/Hg 

What is the interpretation of the above values?

Clinical diagnosis?

Treatment? 

42



• Serum HCO3 was low and ABG showed normal pH, Pco2 and 
PaO2- metabolic acidosis

• Acute gastroenteritis with some dehydration

• Correct the hydration status with appropriate IV fluids. No 
need of HCO3.

43



CASE 1. MODERATOR COMMENTS

1) DX: Cause? HAGMA , TCA poisoning

2) SOURCE & TYPE: Seizures, mitochondrial dysfunction leads to lactic 
acidosis

3) INDICATION OF NAHCO3: Used as a chemical antidote with an 
objective to keep the pH between 7.50-7.60, which will prevent all the 
complications

4) SUPPORTIVE TRT: Fluid therapy, lidocaine, lipid emulsion therapy

5) SPECIFIC: HCO3 infusion
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THANK YOU

45



Metabolic acidosis
Dr T S Ekambaranath
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Case 1

• 2year old boy previously normal, admitted with c/o fever, 
breathlessness 2 days. No cough/rhinorrhoea. H/o polyuria + for 10 
days.

• O/e conscious, alert, tachypneic, dehydration +. RS -clear,CVS -
tachycardia+, no gallop. Abdomen soft, no organomegaly.

• Inv- Blood sugar 540mg/dl,urea 40, creatinine 0.5,urine ketones +ve

• Initial ABG shows pH 6.6, PO2 92, PCo2 14, Hco3 3, Na 139, K 4, Cl-96.

• Repeat ABG after 24hrs shows pH 6.9, PO2 90, PCo2 16, Hco3 4, Na 
142, K 3.7,  Cl-116
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Case 1

Interpret the ABG

• pH-<7.35 acidemia

• Cause of acidosis ?

• Metabolic 

• Is it compensated ?

• Winter’s formula

• Expected paCO2=(1.5XHCO3)+(8±2)

• (1.5X3)+(8±2)=10.5 -14.5

ABG  pH 6.6, PO2 92, 
PCo2 14, Hco3 3, 
Na 139, K 4, Cl-96
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Case 1

• What type of metabolic problem is it?

• Anion gap 

• Na+ –(Cl- +HC03
-)

• 139-(96+3)=40

• High anion gap metabolic acidosis

ABG  pH 6.6, PO2 92, 
PCo2 14, Hco3 3, 
Na 139, K 4, Cl-96
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Case 1

• Is there any other metabolic abnormality present?

• What is delta/delta ratio?

• Ratio of delta anion gap by delta bicarbonate

• Anion gap/     HCO3 

• (40-12)/(24-3)=28/21=1.3

• Pure HAGMA

ABG  pH 6.6, PO2 92, 
PCo2 14, Hco3 3, 
Na 139, K 4, Cl-96

<0.4    :      Pure anion gap acidosis 
0.4 - 1 : HAGMA +NAGMA 
1 to 2  : Pure HAGMA 
> 2       : HAGMA + metabolic alkalosis
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Case 1

• Identify the clinical condition-DKA
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Management

• IV fluids – rehydration

• Insulin infusion 

Resolution of acidosis by insulin

• Promotes metabolism of ketoacid anions which generate HCO3

• Lipolysis

• Rehydration promotes ketone excretion, reduces lactate
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Case 1-contd

Interpret the  2nd ABG

• pH-<7.35 acidemia

• Cause of acidosis ?

• Metabolic 

• Is it compensated ?

• Winter’s formula

• Expected paCO2=(1.5XHCO3)+(8±2)

• (1.5X4)+(8±2)=12 -16

ABG  pH 6.9, PO2 90, 
PCo2 16, Hco3 4,
Na 142, K 3.7,  Cl-116
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Case 1

• What type of metabolic problem is it?

• Anion gap 

• Na+ –(Cl- +HC03
-)

• 142-(116+4)=22

• High anion gap metabolic acidosis 

ABG  pH 6.9, PO2 90, 
PCo2 16, Hco3 4,
Na 142, K 3.7,  Cl-116

54



Case 1

• Is there any other metabolic abnormality present?

• What is delta gap?

• Ratio of delta anion gap by delta bicarbonate

• Anion gap/     HCO3 

• (22-12)/(24-4)=10/20=0.5

• HAGMA+NAGMA

ABG  pH 6.9, PO2 90, 
PCo2 16, Hco3 4,
Na 142, K 3.7,  Cl-116

<0.4    :      Pure anion gap acidosis 
0.4 - 1 : HAGMA +NAGMA 
1 to 2  : Pure HAGMA 
> 2       : HAGMA + metabolic alkalosis
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HAGMA +NAGMA -DKA

• Large amounts of NS

• Preferential renal excretion of ketones than chloride

56



Case 2

• One and half year old child presents with h/o vomiting, abdominal pain, 
diarrhoea for 6 hours.Child was apparently normal before that. No h/o 
fever. Suddenly develops these symptoms.

• Family h/o: this is the first child. Mother is 5 months pregnant now
• O/e child is alert, tachypnea +, tachycardia +. Epigastric tenderness +.
• RS, CVS normal.
• Inv: Leucocytosis +, blood sugar 240 mg/dl, HbA1c normal, urine ketones -

negative
• ABG: Ph 7.1, Po2 98, pco2 36, Hco3 18.
• Na 137, K 3.8, Cl 100
• Xray abdomen shows small round multiple radio opaque shadows
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Case 2

• 2.Interpret the ABG

• pH-<7.35 acidemia

• Cause of acidosis 

• Metabolic 

• Is it compensated ?

• Winter’s formula

• Expected paCO2=(1.5XHCO3)+(8±2)

• (1.5X18)+(8±2)=35±2

ABG: Ph 7.1, Po2 98, 
pco2 36, Hco3 18.
Na 137, K 3.8, Cl 100
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Case 2

• What type of metabolic problem is it?

• Anion gap 

• Na+ –(Cl- +HC03
-)

• 137-(100+18)=19

• High anion gap metabolic acidosis 

ABG: Ph 7.1, Po2 98, 
pco2 36, Hco3 18.
Na 137, K 3.8, Cl 100
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Case 2

• Is there any other metabolic abnormality present?

• What is delta/delta ratio?

• Ratio of delta anion gap by delta bicarbonate

• Anion gap/      HCO3 

• (19-12)/(24-18)=7/6=1.16

• Pure HAGMA

ABG: Ph 7.1, Po2 98, 
pco2 36, Hco3 18.
Na 137, K 3.8, Cl 100
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Case 2-management .Iron poisoning

• Gastric decontamination

• IV fluids for hypovolemia

• Chelation 
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Case 2-management

Antidote :chelation with desferrioxamine

Indications :

• Symptomatic

• Metabolic acidosis

• Xray abdomen +ve

• Serum iron >350µg/dl

• Ingested dose,of elemental iron >60mg/kg,(20-60mg/kg consider)

• Vinrose urine with desferrioxamine challenge
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Case 2-management

Chelation –end point

• Stable clinically, no symptoms

• No urine colour

• Serum iron <100µg/dl
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MODERATOR COMMENTS

In DKA no role for Sodium Bicarbonate

1) DX: Cause? Iron poisoning, because of mitochondrial impairment

2) SOURCE & TYPE: Seizures, mitochondrial dysfunction leads to lactic 
acidosis

3) INDICATION OF NAHCO3: Used as a chemical antidote with an objective 
to keep the pH between 7.50-7.60, which will prevent all the complications

4) SUPPORTIVE TRT: Fluid therapy

5) SPECIFIC: Desferroxamine
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• NaHCO3 - its clinical effectiveness is inconsistent, and it is not 
recommended for out-of-hospital management of iron poisoning 
according to evidence-based guidelines.



Metabolic acidosis Nephkids 2025 
Muthiah case scenarios 
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Case  

• 3 year old (weight 12 Kg) 

• High fever x 4 days with excessive vomiting, 
pain abdomen, poor oral intake and increased 
lethargy for last 2 days, 1 episode of bloody 
vomiting to ER.

• HR 140/min, RR 40/min, BP 90/50mmHg, 
SpO2 96% RA, chest b/l clear, peripheral 
pulses were felt, with a tender hepatomegaly.

• History also revealed frequent use of Syp P 
250 simultaneously with paracetamol -
mefenamic acid combinations. 

• CBC Hb 14g/dL,WBC 3000/μL, plt 70,000/μL, 
Dengue Ns1 positive

• LFT: SGOT 4000, SGPT 1500, S. Alb 2.3, T.bil
1.2 , D. Bil 0.8, PT/INR/APTT 30/2.5/60

Parameter Value 

pH 7.25

pCO2 28

HCO3 15

BE -8

Lactate 5 mmol/L

Sodium 128 mEq/L

Potassium 4.5  mEq/L

Chloride 102 mEq/L

66



• Blood gas : metabolic acidosis with compensation 

• Cause:  Acute Liver failure causing lactic acidosis. Inability to scavenge the 
ongoing lactate production by the failing liver. As perfusion is maintained shock 
not the cause.

• Treatment: supportive care. Fluid correction, NAC infusion can be tried. Vitamin 
K, iv PPI, Syp lactulose

• CRRT if hyperammonaemia >160 and clinically progressive worsening MODS. 
PLEX may also help by clearing inflammatory mediators and free Hb
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Lactic acidosis classification (cohen and wood)

B3 (Metabolic)
D- lactate, MELAS 

Hypoglycemia 

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

B1 Systemic 
diseases
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Case  

• 5 year old male child 20 Kg , admitted to 
PICU with septic shock received 30 ml/kg 
NS bolus, Now on inotropic support

• HR 150/min, RR 40/min, BP 74/34 mmHg. 
Temp 101 °F, SpO2 98% with room air.

• Bedside echo suggests moderate LV 
systolic dysfunction EF 45%, IVC 
collapsible, lung USG Normal

• urine output is 5ml/hr for last 6 hours. 

Parameter Value 

pH 7.25

pCO2 28

HCO3 14

Lactate 5 mmol/L

SpO2 98% room air

Sodium 142mEq/L

Potassium 4 mEq/L

Chloride 108mEq/L

serum albumin 2.0 g/dL
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• Blood gas interpretation: metabolic acidosis, compensated 

• AG : 16 , Corrected AG= AG+ (4-S.Alb g/dL)x 2.5 

• 16+ 2.5 *(4-2)=21

• Delta ratio ∆AG/ ∆HCO3 =  9/10=0.9. Pure HAGMA.

• Corrected calcium formula = serum calcium [mg/dL] + 0.8 * (normal albumin - serum 
albumin [g/dL])

Fallacies of AG: false Low AG

• Reduced anions (hypoalbuminemia): common in critical illness

• Hypercalcemia and hypermagnesemia

• Unmeasured cations (lithium and hyperglobulinemia)
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• Cause : Lactic acidosis (hypoperfusion/anerobic glycolysis/ septic myocardial  
dysfunction)

• Soda bicarbonate infusion will not correct this acidosis. Correcting shock and 
improving tissue perfusion will be the treatment goals 
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Henderson Hasselbach equation

H+= 24 x pCo2/HCO3

1. Look at pH?

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

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

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

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

6. Correlate clinically

Consider the clinical settings! Anticipate the disorder
st
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Treatment Considerations

• Treat the underlying cause first. 

• Dosing of bicarbonate is unpredictable and are often empirical. 

• Monitoring: Frequent monitoring of ABG is essential to assess the 
effectiveness and need for continued therapy. 

• Individualized Therapy: Treatment is tailored to the patient's clinical 
situation, particularly in conditions like lactic acidosis or ketoacidosis, 
where the body can convert lactate and ketones back to bicarbonate. 

• In summary, bicarbonate infusion is a treatment reserved for specific 
situations of metabolic acidosis and should not be used routinely. 

73



• Introduction

• Metabolic acidosis is a process caused by an increase in weak 
acids or a decrease in strong ion difference (SID) [1]. Serum 
proteins, albumin, and inorganic phosphate are considered as 
weak acids. Strong ions, such as Na+,K+,Ca2+,Mg2+,and Cl−, 
exist at a fully ionized status in body fluids. 

• SID is the presence of an excess of strong cations over strong 
anions, and the normal value in plasma is 42 mEq/l. 

• The method to quantify metabolic acidosis using SID and weak 
acids was introduced by Stewart in the 1980s and still creates 
debate in its clinical application [2]. 

• Plasma base excess is widely used to identify a metabolic 
component of acidosis in clinical practice. The base excess 
approach was shown to be equivalent to Stewart’s SID 
approach in quantifying acid–base status incritically ill patients 
[3].
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• Urine AG = (urine Na + urine K) – urine Cl

• THAM: Tris hydroxy methyl Aminomethane. It doesnot produce CO2. 
Can cause hypoglycemia and hypokalemia and can decrease serum na
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Metabolic Acidosis

1. TOTAL TIME: 1 hour 

2. MODERATOR: 10 min–Approach and 10 min – Interaction with only practical points to 
be covered (10 +10 =20)

3. PANELIST: 13 min discussion of case (10 min panelist and 3 min for the delegates to 
answer). 3 x (10+3=39)

4. AUDIENCE: Pediatric PG (Majority) & Pediatric practitioners. Pediatric Intensivist, Adult 
Nephrology PG, Pediatric Nephrology PG. 77


