
 
 

Sodium Bicarbonate in Diabetic Ketoacidosis: When (If Ever) Should We Use It? 

Introduction 

1. Diabetic ketoacidosis (DKA) is defined by hyperglycemia (≥200 mg/dL or known diabetes), elevated ketones (≥3.0 
mmol/L or 2+ ketonuria), and metabolic acidosis (pH <7.30 or bicarbonate <18 mmol/L). The 2024 multi-society 
consensus (ADA / EASD / JBDS / AACE / DTS) stages severity by acidosis: mild (pH 7.25–7.30), moderate (7.0–7.25), 
severe (<7.0). 

2. Sodium bicarbonate has been used historically to correct severe metabolic acidosis in DKA. The biological rationale 
(raising pH to improve cardiac contractility, vasopressor responsiveness, and prevent hyperkalemia) is intuitive — 
but six decades of clinical evidence have failed to demonstrate clinical benefit, while documenting consistent 
harms. 

3. The 2024 consensus recommendation is unambiguous: "Routine bicarbonate administration is not 
recommended." Even in severe DKA (pH <7.0), the language is permissive — "may be considered" — not a 
recommendation. Adequate IV fluid resuscitation and insulin administration resolve the metabolic acidosis of DKA 
in nearly all cases. 

4. Documented harms of bicarbonate administration in DKA include hypokalemia (K+ shifts intracellularly with 
alkalinization), paradoxical CSF acidosis (CO2 crosses BBB faster than HCO3

−), increased pediatric cerebral edema 
risk, hypernatremia, decreased tissue oxygen unloading, and increased insulin and fluid requirements. 

5. Other buffer agents (THAM / tromethamine, Carbicarb) have been investigated for severe metabolic acidosis in 
critical illness, but no controlled trials have studied them in DKA. Sodium bicarbonate remains the only buffer 
agent with any randomized data in DKA, and that data does not support its use. 

6. This pearl synthesizes the available adult evidence — 2 RCTs, 2 retrospective cohorts, 1 systematic review, and 1 
editorial — focused exclusively on sodium bicarbonate use in DKA, including the rare scenarios where it may still 
be considered and how to dose it correctly when it is. 

 
 

 
 

 
 

 
 

 
 

 
 



Pharmacology 

Pharmacology — Sodium Bicarbonate 

Mechanism of Action Alkalinizing agent. NaHCO3 dissociates into Na+ and HCO3
−; bicarbonate buffers excess 

hydrogen ions, raising serum and arterial pH. 
CO2 generated by buffering crosses the blood-brain barrier rapidly while HCO3

− crosses slowly 
— producing transient paradoxical CSF acidosis. 

Dose (per 2024 
consensus) 

Only consider if pH <7.0: 100 mmol (100 mEq) sodium bicarbonate diluted in 400 mL sterile 
water (yielding ~1.4% isotonic solution) infused over 2 hours. 
Reassess arterial pH after each dose. Repeat q2h until pH >7.0, then stop. 
Do NOT use: if pH ≥7.0, in pediatric DKA (cerebral edema risk), or as routine first-line therapy. 

Administration IV infusion over 2 hours via dedicated line. 
NEVER push undiluted 8.4% (1 mEq/mL): risks severe hypernatremia, extravasation injury, 
and rapid pH overshoot. 
Always co-infuse potassium replacement; monitor serum K+ q1–2h. 

Formulation 4.2% (0.5 mEq/mL); 8.4% (1 mEq/mL — concentrated, must be diluted for DKA) 
For DKA: 100 mEq of 8.4% (100 mL) in 400 mL sterile water = 500 mL of ~1.4% isotonic 
solution 

PK/PD Onset: minutes (immediate buffering of extracellular pH) 
Duration: variable; depends on acid load, ventilation, and renal regeneration 
Elimination: renal HCO3

− excretion; CO2 eliminated via lungs (requires intact ventilation) 

Adverse Effects • Hypokalemia — alkalinization shifts K+ intracellularly; required ~2× more K+ 
replacement (Viallon 1999) 

• Paradoxical CSF acidosis — CO2 crosses BBB faster than HCO3
− 

• Cerebral edema — pediatric DKA (significant safety signal in observational studies) 
• Hypernatremia and volume overload (esp. elderly, HF, CKD) 

• Decreased tissue oxygen unloading (left shift of oxyhemoglobin curve) 
• Increased insulin and fluid requirements in first 24 h (Duhon 2013) 
• Delayed ketone clearance and prolonged hospitalization (observational) 

Drug Interactions 
and Warnings 

Incompatible in same line: catecholamines (epinephrine, norepinephrine — inactivation), 
calcium-containing solutions (precipitate), insulin (binding/inactivation) 
Alkalinizes urine — increases excretion of weak acids (salicylates, phenobarbital), decreases 
excretion of weak bases 
Pediatric DKA: CONTRAINDICATED outside cardiac arrest protocols (cerebral edema risk) 

Compatibility Compatible: sterile water, 5% dextrose (avoid LR — calcium precipitate) 
Y-site INCOMPATIBLE: regular insulin, calcium gluconate, ciprofloxacin, midazolam, 
vancomycin, dobutamine, norepinephrine 

Comments Adequate IV fluids and insulin therapy correct DKA acidosis without bicarbonate in nearly all 
cases. 
Other buffer agents (THAM, Carbicarb): no controlled trials in DKA. Sodium bicarbonate 
remains the only buffer with randomized data, and that data does not support its use. 



Overview of Evidence — Sodium Bicarbonate in DKA 

Author, year Design / 
sample size 

Intervention & comparison Outcome 

Morris LR, 1986 Prospective 
RCT (n = 21 
adults, pH 
6.9–7.14) 

Variable-dose sodium 
bicarbonate (escalated by initial 
pH) vs no bicarbonate 
Both groups received standard 
insulin + fluid resuscitation 

NO difference in rate of decline of glucose or 
ketones 
NO difference in time to pH 7.30 or bicarbonate 
≥15 mEq/L (in either blood OR CSF) 
Concluded: bicarbonate does NOT affect 
recovery in severe DKA at this pH range 

Gamba G, 1991 Double-blind, 
randomized, 
placebo-
controlled trial 
(n = 20 adults, 
pH <7.15) 

Sodium bicarbonate (n = 9) vs 
0.9% saline placebo (n = 11) 
Both groups received standard 
insulin + fluids 

Transient pH increase at 2 hr in bicarbonate 
group only (7.05 → 7.24 vs 7.04 → 7.11; p <0.02) 
NO clinical or metabolic differences between 
groups beyond 2 hr 
NO difference in heart rate, mental status, 
glucose, K+, or hemodynamics 

Viallon A, 1999 Retrospective 
cohort (n = 39 
adults, pH 
<7.10) 

Group 1: bicarbonate ~120 ± 40 
mmol (n = 24) 
Group 2: no bicarbonate (n = 15) 
Both groups received standard 
insulin + fluids 

NO difference in clinical or biological parameters 
or normalization time 
Bicarbonate group required ~2× more potassium 
(366 ± 74 vs 188 ± 109 mmol; p <0.001) 
Authors concluded: data do NOT favor 
bicarbonate at pH 6.90–7.10 

Latif KA, 2002 Editorial / 
retrospective 
analysis 
(Umpierrez 
group) 

Commentary on alkali therapy in 
severe DKA citing Morris 1986, 
Gamba 1991, Viallon 1999 

Concluded: even at pH <7.0, alkali therapy lacks 
demonstrated benefit 
Recommended any future trial be restricted to 
pH <6.9 with hemodynamic compromise — no 
such trial has been published since 

Chua HR, 2011 Systematic 
review (508 
articles 
screened, 44 
included, 3 
adult RCTs) 

Adult and pediatric DKA across 
all severities 
Sodium bicarbonate vs no 
bicarbonate in emergent 
therapy 

Marked heterogeneity in pH threshold, dose, and 
timing across studies 
Two RCTs: transient pH improvement at 2 hr only 
— NO glycemic or clinical benefit 
Retrospective evidence: increased cerebral 
edema in pediatrics, prolonged hospitalization, 
paradoxical worsening of ketosis, increased K+ 
supplementation needs 
Conclusion: "Evidence to date does not justify 
the administration of bicarbonate for the 
emergent treatment of DKA" 

Duhon B, 2013 Retrospective 
cohort (n = 86 
adults, pH 
<7.0) 

Group 1: IV sodium bicarbonate 
(median 100 mEq, range 100–
150) (n = 44) 
Group 2: no bicarbonate (n = 42) 
Both groups received standard 
insulin + fluids 

NO difference in time to acidosis resolution (8 vs 
8 hr; p = 0.7) 
NO difference in time to discharge (68 vs 61 hr) 
Bicarbonate group required MORE insulin (100 vs 
86 units; p = 0.04) and MORE fluid (7.6 vs 7.2 L; p 
= 0.01) in first 24 hr 



Conclusions 

• Routine sodium bicarbonate administration in DKA is NOT recommended — endorsed by the 2024 multi-society 
consensus (ADA / EASD / JBDS / AACE / DTS), the 2009 ADA statement, and JBDS-IP 2023 inpatient guidance. 

• Two RCTs and two cohort studies (n = 166 adults total) plus a 44-study systematic review demonstrate no 
clinical benefit — bicarbonate produces only a transient 2-hour pH improvement (Gamba 1991), with NO effect 
on glucose decline, ketone clearance, time to acidosis resolution, length of stay, or mortality. 

• Documented harms include increased potassium requirements (~2× higher in Viallon 1999), increased insulin and 
fluid needs (Duhon 2013), risk of paradoxical CSF acidosis, hypernatremia, and increased pediatric cerebral edema 
risk. 

• Reserve bicarbonate for the rare adult with arterial pH <7.0 AND hemodynamic instability or refractory 
hyperkalemia, dosed as 100 mmol in 400 mL sterile water over 2 hours, with aggressive concurrent K+ replacement 
and serial pH monitoring q2h. Stop once pH >7.0. 

• Sodium bicarbonate is contraindicated in pediatric DKA outside cardiac arrest protocols. The 2024 consensus and 
observational pediatric cerebral edema data are unambiguous on this point. 

• Other buffer agents (THAM, Carbicarb) have no controlled DKA evidence and are not recommended. Sodium 
bicarbonate remains the only buffer agent with any randomized data in DKA — and that data does not support its 
use. 

• Persistent acidosis usually means inadequate treatment, not a bicarbonate deficit — review insulin dosing, fluid 
type and rate, and search for missed precipitants (sepsis, MI, SGLT2i, pancreatitis) before considering bicarbonate. 
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