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Learning Objectives

• Identify underlying causes of pediatric metabolic acidosis. 
• Select appropriate management options for critically ill children 

with metabolic acidosis. 
• Solve challenging cases that fall outside of the typical causes of 

metabolic acidosis.
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Which of the following BEST describes the following arterial blood 
gas? 
pH 7.25, PCO2 28, PO2 105, HCO3 12
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Overview of Metabolic Acidosis

• Primarily a decrease in serum bicarbonate (HCO3)
• Compensation leads to decreased arterial carbon dioxide (CO2)
• This causes a reduction in blood pH
• Impacts cellular function
• Serum electrolytes obtained to calculate anion gap
• Goal is to determine the cause and reverse it

(Zaki & Shanbag, 2023)

5

Metabolic Acidosis

• pH 7.10/ PCO2 30/ PO2 96/ HCO3 10
• Compensation with hyperventilation

• causes low CO2

• Bicarbonate losses occur because buffer system is imbalanced
• other cations must accompany loss in the kidneys 
• subsequently causing a loss in electrolytes

• Typically, K and Na
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Expected Anion Gap 

Calculation:
Cations – Anions

OR
Na  - (Cl + HCO3) 

Normal range 
>= 12 + 2 mEq/L

Calculate the anion gap
Na 140, Cl 110, HCO3 25
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Calculate the anion gap.
Na 140, Cl 108, HCO3 15
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Causes of Non-Gap Acidosis

• Diarrhea
• Renal Tubular Acidosis
• Adrenal Insufficiency
• Chronic Kidney Disease
• Intestinal, pancreatic, biliary fistula
• Hypoaldosteronism
• Spironolactone, prostaglandin inhibitors, triamterene, amiloride, 

trimethoprim, pentamidine, cyclosporin

Causes of Anion Gap Metabolic Acidosis

• M: Methanol
• U: Uremia
• D: DKA/AKA/Starvation ketoacidosis
• P: Paraldehyde/phenformin/paracetamol
• I: Iron/inborn errors of metabolism/isoniazid
• L: Lactic acidosis
• E: Ethylene glycol/Ethanol (lactic acidosis)
• S: Salicylates
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M & U

Methanol
• Methyl alcohol
• Fuel source
• Colorless with a strong odor
• Poisonous
• Absorbed through eyes, 

skin, lungs, and GI system
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Uremia
• Elevated urea, creatinine, 

and other nitrogen.
• End products of amino acid 

and protein metabolism
• Normally excreted in urine
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D & P

DKA/AKA/Starvation ketoacidosis

• Diabetic ketoacidosis
• Alcoholic ketoacidosis
• Poor intake or incompetent 

absorption

13

Paraldehyde/Phenformin/Paracetamol

• CNS depressant, hypnotic, 
sedative, anti-convulsant
• Used to treat diabetes. More 

potent/toxic than metformin
• Acetaminophen

I & L

• Iron toxicity
• Usually have GI s/s (N/V/D)

• Isoniazid – antimicrobial used to treat TB
• Inhibits conversion of lactate to pyruvate
• Can cause metabolic acidosis in smaller doses than expected

• Inborn errors of metabolism
• A talk all in itself

• Lactic Acidosis
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E & S

• Ethylene Glycol (antifreeze)
• Odorless, colorless, thick/viscous, and sweet in taste

• Ethanol (grain alcohol)
• Volatile, colorless, slight odor

• Salicylates
• Aspirin and aspirin-containing compounds
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What is the MOST recent mnemonic for determining the cause of 
metabolic acidosis?
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GOLD MARK

Glycols (ethylene and propylene)

Oxoproline (pyroglutamic acid)

L- lactate

D-lactate

Methanol

Asprin

Renal failure

Ketoacidosis (Mehta et al., 2008)
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Gap Acidosis: CAT MUDPILES
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CAT

Congenital Heart Failure

Carbon Monoxide

Cyanide

Aminoglycosides

Theophylline

Toluene (glue sniffing)
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Case #1 (Adapted from Bonadio, 2023)

• A 2-year-old girl presents to urgent care with difficulty breathing
• “The whole family, including 3 school-age siblings, have been sick 

with URI symptoms”
• T-100F, HR 120, BP unable to obtain, RR 34, SpO2 96% (crying)
• Drinking a lot, not eating much, was potty training – on hold now
• No other significant PMH or FMH
• Exam – tachycardia, tachypnea, wheezing?
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Case #1 continued

• Acetaminophen given
• Duoneb administered
• Respiratory pathogen panel +rhinovirus
• Drank juice, ate a popsicle, and kept it down
• Crying, settled, HR and RR improved
• Discharged to f/u with PCP
• Diagnosis: viral respiratory illness, +rhino/entero
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Cas #1 continued

• The next day: presents to the pediatric ED with vomiting & fatigue
• In triage noted to have tachycardia, tachypnea, dry mucous 

membranes
• Labs: Fingerstick glucose – too high to read, urine +4 ketones
• VBG: 7.1/14/11/-12
• Remarkable labs: Na 152, K 5.3, Cl 110, HCO3 11, glucose 610
• What is her anion gap?
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What is her diagnosis?
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Case #2 (Adapted from Hoshitsuki et al., 2020)

• 7-yr-old boy with relapsed AML – admitted on day 22 of treatment 
for febrile neutropenia 
• Blood culture + Candida krusei (micafungin -- amphotericin B --

voriconazole)
• Fevers refractory to oral acetaminophen
• Day 2 of admission, acetaminophen IV 75 mg/kg/day divided Q4
• By day 10: the condition deteriorated

• BUN/Creatinine rose 
• Compensated high anion gap metabolic acidosis

• Worsened despite acetate and bicarb fluid administration
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Case #2 continued

• Day 11: Voriconazole supratherapeutic,  INR critically increased
• No anticoagulation given during hospital course 

• FFP and phytonadione were administered + dc acetaminophen
• Developed acute heart failure (Ejection fraction 35%-40%)
• Acetaminophen level 8 and 29 hours after dc below lower 

reference range
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What is the MOST likely cause of anion gap metabolic acidosis in 
case #2?
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Case #3 (Adapted from Greenky et al., 2021)

• 8-day-old female presents to pediatric ED
• Several hours of labored breathing, decreased intake, pale, limp
• 38 wks, induced vaginal delivery – maternal hypertension
• Group B strep + (antibiotics given), home on day 2 of life
• Taking formula, voiding well, regained birth weight
• T-37, BP 76/37, HR 143, RR 38, SpO2 100%
• Alert, calm, labored breathing, accessory muscle use
• Clear lungs, normal cardiac (including pre/post ductal pressures)
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Case #3 continued

• Mild hypotonia and pale
• Broad differential – evaluation to exclude sepsis
• Ampicillin and cefotaxime initiated
• Labs: CBC normal, UA 1+ protein & trace ketones, CSF normal
Respiratory panel negative. Na 160, Cl 128, K 6.8, HCO3 3, Ca 12.5, 
glucose 68, renal/liver panel normal. Ammonia 147. Lactate 3.3
• ABG: 7.21/14/-19
• What is the anion gap?
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Case #3 continued

• NS bolus + D10 bolus and maintenance fluids with dextrose
• Ampicillin and cefotaxime given
• Oxygen by nasal cannula and admit to PICU
• Notified newborn screen negative
• Genetics consult: genetic metabolic profile sent

• Glycine level 893

• Blood, urine, CSF cultures negative
• Repeat UA revealed calcium oxalate crystals
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What is the MOST likely cause of this infant’s anion gap metabolic 
acidosis?
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Case #4 (Adapted from Nathan et al., 2024)

• A 3-year-old boy with autism and delayed speech presents to the 
ED with general malaise and PO refusal x 2 days
• History of food aversion 
• Normal diet – toddler formula mixed with whole milk. No solid 

foods
• Also constipated with small, hard, round stools for a few days
• Deny vomiting, fever, sore throat, URI, trauma, and the possibility 

of ingestion
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Case #4 continued

• He was seen in the past day at another hospital system ED, 
admission was advised for dehydration, mother refused
• T- 37.1, HR- 138, RR- 28, BP- 109/56, SpO2- 100% (RA)
• Growth: wt- 44% and ht- 37% 
• Alert but tired. 
• HEENT, cardiac, respiratory, abdomen, MSK exams all negative 

except dry oral mucosa
• No gross neuro deficits, normal gait
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Case #4 continued

• Labs: 
• CMP: HCO3 6, BUN 28, Creatinine 0.62, glucose normal
• CBC: WBC 23.1, hgb 13.6, plt 454
• Beta-hydroxybutyrate 97.6, serum acetone 25 (elevated)
• UA 4+ketones, pH 5, spec grav 1.017
• CBG: 7.14/18/6/-20
• Lactate 3
• CRP 7.6, procal 0.27
• Abdominal radiograph: large stool burden
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Case #4 continued

• Serum drug screen: 
• negative for acetaminophen, salicylate, ethanol, ethylene glycol, 

methanol, isopropanol, and tricyclic antidepressants.

• Urine drug screen:
• negative for amphetamines, barbiturates, benzodiazepines, 

cannabinoids, cocaine metabolites, methadone, and opiates. 

• Bolus 40 mL/kg crystalloid. Admit to PICU for severe ketoacidosis
• Maintenance fluids with D10 at twice maintenance x 7 hours, 

then reduced to maintenance rate. 
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What is the MOST likely diagnosis for case #4 (assume he has an 
anion gap metabolic acidosis)?
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Case #5 (Adapted from Kharayat & Munkwitz, 2024)

• 17-year-old male, previously healthy
• Body aches, headaches, nausea, vomiting, poor PO intake x 5 

days 
• Seen at a referral hospital
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Initial Evaluation

• CBC: 25/15.9/45.6/224, 63% neutrophils  

• BMP: 134/4.1/98/8/21/1.4/78

• AST-54, ALT-125, Alk Phos-129

• UA: negative nitrite/LE, rare bacteria, no WBCs

• Lipase 550, (upper limit of nl 350)

• Covid, flu-A, Monospot neg

• CT Abd/Pelvis: Impression: Abundant stool in the colon consistent with 
constipation. Heterogenous nephrograms of both kidneys without 
hydronephrosis or hydroureter. The findings could represent 
pyelonephritis. 

Acute care admission after transfer
• CBC significant for Leukocytosis, Bands 8% 

• Elevated lipase and transaminases

• MRI abdomen: Renal parenchymal enhancement concerning 
pyelonephritis

• Inflammatory markers: Normal 

• VBG: pH 7.13

• Anion gap acidosis with Lactic acid 12.2 

• Intervention: Fluid resuscitation, antibiotics, bicarb added to fluids

• Continued anion gap metabolic acidosis because lactate elevated

Transfer to PICU

• Vital signs: BP 127/81, Temp 37.2C, HR 116 bpm, RR 24/min
• Physical exam: no global/local signs of hypoperfusion 
• Reviewed all possible differential diagnoses for lactic acidosis 

• MUDPILES, CATMUDPILES, GOLDMARK
• Toxicology, Nephrology, and Oncology consulted 
• Nephrology recommendation for HAGMA

• Continue bicarbonate containing fluids

Case #5 continued

• Fluids with buffer (bicarb or acetate) improved acidosis
• Lactic acid peaked at 18

• More history:
• Involved in 4H club
• Feeds horses and gives injections of vitamins, etc.
• Recently worked at a grain mill
• Urine drug screen, GCMS, and serum toxins were all negative
• Continues to deny other ingestions
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What is the next BEST option?
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Case #5 continued

• Chest CT obtained: 
• 6.1x 3.0 cm transaxial, hypodense anterior mediastinal mass

• Oncology had signed off, now re-engaged
• We all refreshed ourselves on the physiology of lactate 

metabolism 
• Biopsy of lymph node confirming  diagnosis 

• T cell lymphoblastic leukemia

42

Types of lactic acidosis 

Type A: Secondary to marked tissue hypoperfusion/ hypoxia
Type B: Evidence of systemic hypoperfusion is not apparent 
1. Diabetes Mellitus 
2. Liver disease 
3. Drugs: Epinephrine, Albuterol, Metformin, NRTIs, Salicylates, Propofol
4. Toxins/poisonings: Methanol, Ethylene glycol, diethylene glycol, propylene 

glycol
5. Thiamine deficiency
6. Inherited mitochondrial disorders
7. Cancers

D- lactic acidosis (GOLD MARK)

- Rare form of lactic acidosis
- Usually seen in patients with short bowel 

syndrome or GI malabsorption 
- Humans metabolize D lactic acid slowly 
- Not normally detected when lactate level is 

obtained
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(Kraut et al, NEJM 2014) 

Management of elevated lactate

• Optimize oxygen delivery 

Oxygen delivery = cardiac output × arterial oxygen content

DO2 = CO × CaO2

CaO2 = (1.31 × Hb × SaO2 × 0.01) + (0.0225 × PaO2)

 Treat underlying cause 

Warburg Effect 

Vaupel et al., 2019

• Discovered by Otto Walburg in 1920’s 

• In cancer cells:
• glucose metabolism transitions 

from an oxidative pathway to a 
glycolytic pathway

• causes the accumulation of lactic 
acid

• Also called aerobic glycolysis 

• Cancer cells have a high metabolic rate

• Lactic acidosis prolongs cell survival and 
inhibits apoptosis 

Case #5 Management

• Most promising treatment: 
• Immediate chemotherapy 

• Sodium bicarbonate as a bridge 
• Thiamine: Cofactor of PDH
• Unclear role of hemodialysis 
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Case #5 Diagnostics Case #5 Outcome 

• High lactic acidosis 
• Consider high tumor burden

• Induction 
• Minimal residual disease (MRD) was positive at 0.46%
• MRD at the end of consolidation therapy was 0% 

• Patient is now in remission
• Treatment for 3 years 

Take Home Points

• Metabolic acidosis negatively impacts cellular function
• Associated with high morbidity and mortality

• Determine anion gap or non-gap metabolic acidosis
• Once anion gap metabolic acidosis is confirmed

• Using mnemonics can help quickly eliminate common causes

• Reverse the cause of acidosis quickly for the best outcome
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