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• A 22-year-old lady with type 1 DM for 4 years 

• She reports increased urination and vomiting for 

   1 week

• She is not regular in taking insulin (glargine/aspart)

• Capillary glucose 435 mg (24.1 mmol)

• Na 133, Cl 98, K 3.7, cr 1.8 mg (160 umol)

• serum HCO3 12, urine ketones positive +3

• Last A1c 9.8%

• How would you approach?

 

Case presentation



• History of diabetes (duration, type)

• Current diabetes medications 

• Adherence to DM medications

• Symptoms (such as nausea, vomiting, polyuria, ….)  

• Symptoms of the precipitating cause indicating infection, 

    ischemia, stroke,...(such as fever, chest pain, SOB,….]

• Glucose control and home glucose monitoring

• Other medications (steroids, antipsychotics)

• Psychological history (depression, anxiety, eating disorder)

• Social history (family issues, illicit drugs,..)

• Other comorbid conditions (heart failure, CKD, …..)

Hyperglycemic emergencies: 
history 



● Vital signs 

● Assessment of mental status, volume status, 

● Signs of volume depletion: tachycardia, hypotension, 

     decreased skin turgor, dry oral mucosa

● Kussmaul respirations (rapid and deep breathing)

     with acetone (fruity) breath odor [in DKA]

● Signs of infection

● Signs of precipitating cause (stroke, ischemia,…)

● Alteration in mental status, shock and coma

Hyperglycemic emergency: 

physical examination
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• Blood glucose

• Serum electrolytes

• Blood (venous or capillary) or urine ketones   

• Venous blood gases 

• CBC

• Serum osmolality (if expecting HHS)

• Other tests as clinically indicated 

Hyperglycemic emergency:

Laboratory tests



Diabetic ketoacidosis (DKA):

diagnostic criteria
   

D K A

ADA/EASD/JBDS/AACE/DTS guideline. Diabetes Care 2024;47:1257

Diabetes/hyperglycemia
Blood glucose

 200 mg (11.1 mmol) 

or prior history of DM

Ketones  
Blood Betahydroxybutyrate

 3 mmol or 
urine ketone 2+ 

Metabolic Acidosis    
Serum bicarbonate <18

            or
   arterial pH <7.3



Classification of DKA

Mild DKA Moderate DKA Severe DKA

Blood glucose 200 mg (11.1 mmol) 200 mg (11.1 mmol) 200 mg (11.1 mmol)

Ketones 

(B-OH butyrate)

3-6 mmol 3-6 mmol >6 mmol

Acidosis pH >7.25 to <7.3

HCO3 15-18

pH 7.0-7.25

HCO3 10 to <15

pH <7.0

HCO3 <10

Mental status Alert Alert/drowsy Stupor/coma

Suggested level of 

care

Regular or observation 

unit

Step-down or 

intermediate care unit

ICU

ADA/EASD/JBDS/AACE/DTS guideline. Diabetes Care 2024;47:1257



• Low HCO3 (12)

• Low pH (7.24)

     - Metabolic acidosis

• What is the anion gap?

      Na - (HCO3 + Cl) = 133 – (98 +12) = 23 (high)

• Is there an appropriate respiratory compensation?

    - Winter’s formula: 

         1.5 (HCO3) + 8 ± 2 = 24 to 28 

             - Proper compensation 

 

Interpretation of 
patient’s labs



• Seum Na+ 133

• Why is sodium low? also called pseudohyponatremia

• High glucose causes water influx to intravasular space

• Calculate corrected serum sodium:

    - There are 2 formulas: 

        1.6: for each 100 mg glucose over a level of 

                  100 mg, add 1.6 mEq to serum sodium 

         2.4: for each 100 mg glucose over a level of 

                    100 mg, add 2.4 mEq to serum sodium 
       - In this patient, using 1st formula: corrected Na+ = 139
     using 2nd formula: corrected Na+ = 141

      

 

Interpretation of 
patient’s labs





• Serum K+ 3.7 

• What will potassium be usually in DKA?

     It could be normal or high at presentation 

      Intracellular potassium is usually low 

         - Due to low insulin

         - Due to acidosis (shift to intracellular part)

         - Osmotic diuresis increases K loss in urine 

         - With treatment, serum K+ will decrease 

 

Interpretation of 
patient’s labs



Hyperglycemic Hyperosmolar State:
         diagnostic criteria

H H

ADA/EASD/JBDS/AACE/DTS. Diabetes Care 2024;47:1257

S

Hyperglycemia

Blood glucose

33.3 mmol (600 mg)

Hyperosmolality
   

• Calculated serum osmolality >300

      Or 
• Total serum osmolality >320      

Absence of 
significant ketonemia
Absence of acidosis 
• HCO3 15 
• Arterial pH 7.3
• B-OH butyrate <3 mmol 
   or urine ketone <2+ 

ADA/EASD/JBDS/AACE/DTS guideline. Diabetes Care 2024;47:1257



How do DKA/HHS

 happen?



Pathogenesis of DKA/HHS

Absolute insulin deficiency  Counterregulatory 

hormones

Infection/inadequate insulin/stress/medication

 Glucose utilization

 Lipolysis

 Free fatty acids

 Glycerol 

Hyperglycemia

Ketone body
production

Ketoacidosis

Relative insulin deficiency

 Glucose utilization

Impaired renal 

function

Glucosuria

osmotic diuresis 

electrolyte loss

Volume depletion

Hyperosmolality

 Glycogenolysis

 Gluconeogenesis

 Proteolysis



● Infection (pneumonia, UTI,..)

● New onset diabetes (type 1 or type 2)

● Stopping insulin or inadequate insulin doses

● Myocardial infarction, stroke, trauma, burns, pancreatitis

● Medications: steroids, SGLT-2 inhibitors, beta-blockers,  

     thiazides, atypical antipsychotics

● Depression, eating disorders 

● Illicit substance use

● No identifiable cause 

Hyperglycemic emergencies: 

precipitating factors 
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● Type 1 DM 

● Younger age 

● Prior history of hyperglycemic crises 

● Prior history of hypoglycemic crises 

● Presence of other diabetes complications 

● Presence of other chronic health conditions 

● Presence of behavior health conditions (depression,..)

● Alcohol or substance abuse 

● High A1c level 

● Social determinants of health 

● SGLT-2 inhibitor use

 

Risk factors for 

hyperglycemic crises 

American Diabetes Association. Diabetes Care 2026;49 (suppl 1):S132



Differentitaing DKA 
from HHS

DKA HHS

Onset Over hours to days Over days to weeks

Mental status Usually alert Usually depressed cognition

Symptoms  - Polyuria, polydipsia, weight loss

- Nausea, vomiting , abdominal 

pain

- Polyuria, polydipsia, weight loss

- Symptoms of other illness

About 1/3 of patients present with mixed features of DKA & HHS

ADA/EASD/JBDS/AACE/DTS guideline. Diabetes Care 2024;47:1257



Management of  DKA/HHS 

IV fluids Insulin

Treatment of

 precipitating cause

Correction of

electrolytes



IV fluids in DKA/HHS
• Patients are usually volume depleted

• Water deficit is about 100-200 ml/kg (average 6-9 liters)

• There is usually an abnormal kidney function

• Benefits of IV fluids:

–  Improves intravascular volume

–  Increase tissue perfusion

–  Corrects electrolytes deficits 

–  Decrease plasma osmolality

–  Decrease plasma glucose 

ADA/EASD/JBDS/AACE/DTS guideline. Diabetes Care 2024;47:1257



Which fluid to use 

in DKA/HHS?

• Isotonic (normal) saline [0.9% sodium chloride] is 

   commonly used as it is available, affordable & effective 

• Balanced crystalloids (as Ringer’s lactate, plasmalyte-148) 

    can be used

– They resulted in faster DKA resolution, shorter hospital 

   stay & less hyperchloremic metabolic acidosis 

   compared to normal saline but are more expensive
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IV fluids in DKA/HHS
Severe hypovolemia 

       (shock) 

0.9% NaCl 

  (or crystalloids) 

    1 liter/hour 

Mild 

hypovolemia

0.9% NaCl 

           (or crystalloids)

     500-1000 ml/hour  4 hours 

      then 25-500 ml/hour          

Hemodynamic 
monitoring 

Vasopressors

Once stable

Rate of IV fluids depends on age, weight, clinical condition

Cardiac

compromise  

When glucose is

 <250 mg (13.9 mmol)Add 5% or 10% Dextrose

150-250 ml/hour



• Rate of IV fluids is determined by the patient’s

    clinical condition:

– Vital signs (blood pressure, pulse)

– Amount of fluid input 

– Urine output

– Presence of cardiac or kidney disease  

– Levels of glucose & electrolytes 

Monitoring of IV fluids



• Fluid deficit should be corrected in 24-48 hours

• 0.9% normal saline is continued 

• Hyperglycemia is usually corrected in 4-8 hrs in DKA

   and 8-10 hours in HHS 

• Hyperglycemia is usually corrected before resolution 

   of DKA/HHS

• When glucose is <250 mg (13.9 mmol) in DKA & 

   <300 mg (16.6 mmol) in HHS:

 - Add 5% or 10% dextrose to 0.9% NS

         - Reduce IV fluid rate to 150-250 ml/hour 

Monitoring of IV fluids



• Usual starting fluid used in DKA/HHS is 0.9% NS

   (or alternatively crystalloids as Ringer’s lactate)

• In DKA:

– No indication to give 0.45% sodium chloride even with

   low serum sodium 

• In HHS:

– Usually, 0.9% sodium chloride is given 

– The only indication to give 0.45% sodium chloride is if 

   osmolality is not declining despite adequate positive 

   fluid balance and appropriate insulin administration

Type of IV fluids



• Corrects hyperglycemia, acidosis and ketosis

• Regular insulin is usually used

• For DKA: IV infusion at a fixed rate of 0.1 unit/kg/hour

• If there is a delay is setting the IV infusion, can give IV 

   bolus of 0.1 unit/kg 

 - For mild DKA: can alternatively use insulin subcutaneously:

     - Use rapid-acting insulin at: 0.1 units bolus then

       0.1 units/kg every 1 hour or 0.2 units/kg every 2 hours 

• For HHS: IV infusion at a rate of 0.05 units/kg/hour 

• 

 Insulin therapy in DKA/HHS 

ADA/EASD/JBDS/AACE/DTS guideline. Diabetes Care 2024;47:1257



0.1 units/kg rapid-acting 

insulin bolus subcutaneous

IV regular insulin
infusion 0.1 u/kg/hr

Insulin therapy in DKA/HHS 

When glucose  is <250 mg (13.9 mmol):

-  IV insulin to: 0.05 u/kg/hr

-  SC insulin to 0.1 u/kg every 2 hours 

- Target glucose :

      DKA: 150-200 mg (8.3-11.1 mmol)

      HHS: 200-250 mg (11.1-13.9 mmol)

Mild DKA
Moderate or 

severe DKA
HHS

IV regular insulin
infusion 0.05 u/kg/hr

or

Then 0.1 u/kg every 1 hour

or 0.2 u/kg every 2 hours

May give IV bolus
regular insulin 0.1 u/kg if there’s 

a delay in setting the infusion



• Some give basal insulin for patients with DKA while 

  on IV insulin infusion

• Dose of basal insulin is 0.15 to 0.3 units/kg  

• This was shown to reduce time to DKA resolution, 

  duration of insulin infusion, length of hospital stay and 

  prevents rebound hyperglycemia

• Some don’t give basal insulin because of the risk of 

  hypoglycemia and hypokalemia 

• 

 Insulin therapy in DKA/HHS 

ADA/EASD/JBDS/AACE/DTS guideline. Diabetes Care 2024;47:1257



Serum K+

<3.5

• No K+ supplement

• Monitor serum K+

Serum K+

3.5-5.0

Replace with 10-20 K+ 

in each liter of IV fluids

Target serum K+ : 4 to 5 mEq/L

Management of serum potassium

- Do not start insulin

- Replace with 10-20 K+/hour

  till level > 3.5

Serum K+ 

>5.0

ADA/EASD/JBDS/AACE/DTS guideline. Diabetes Care 2024;47:1257



Bicarbonate therapy

• Studies showed no benefit in DKA

• May cause hypokalemia, decreased tissue oxygen 

   uptake, cerebral edema, and paradoxical central 

   nervous system acidosis 

• Consider if pH <7.0 

– Sodium bicarbonate (8.4%) 100 mEq in 400 mL 

   sterile water over 2 hours

– Repeat every 2 hours till pH >7 

– Monitor serum potassium 

ADA/EASD/JBDS/AACE/DTS. Diabetes Care 2024;47:1257



Phosphate therapy

• Routine supplementation is not recommended 

• In DKA, there is a shift of phosphate from intracellular 

   to extracellular fluid with urinary phosphate loss 

   leading to hypophosphatemia 

• Treatment is only recommended if there is muscle 

   weakness (respiratory or cardiac compromise) and 

   serum phosphate level is < 1 mmol/L (3 mg/dL) 

ADA/EASD/JBDS/AACE/DTS. Diabetes Care 2024;47:1257



• Capillary glucose every 1-2 hours 

• Electrolytes, venous pH every 4 hours

• For DKA: also add blood beta-hydroxybutyrate 

   every 4 hours (if available) 

• For HHS: also add serum osmolality every 4 hours 

• Other tests as clinically indicated

• 

 Follow up of labs

In DKA/HHS

 



ADA/EASD/JBDSIC/AACE/DTS. Diabetes Care 2024;47:1257

• Criteria of resolution: (use also clinical judgment)

• DKA: 
- Bicarbonate >18 or venous pH >7.3

- Blood glucose <200 mg (11.1 mmol)

- Blood B-hydroxybutyrate <0.6 mmol 

•  HHS: 
- Calculated serum osmolality <300 

- Urine output >0.5 ml/kg/hour

- Glucose <250 mg (13.9 mmol)

• 

 Resolution of DKA/HHS



• 

 Further insulin management

Insulin 0.5 units/kg/day
(0.3 u/k/d if elderly or CKD)

Same insulin doses 

before admission

Newly diagnosed DM

Or not on insulin
Controlled glucose Uncontrolled glucose

Adjust insulin doses

When patient is stable & on resolution of DKA/HHS 

Start subcutaneously insulin (basal + meal)

 Stop IV insulin after 2 hours 

How was glucose control before admission?



Starting long basal + meal
(preferred)

                   - Starting dose: 0.5 units/kg/day

Example: weight  80 kg

40 units
50 % Basal

20 units

50 % Rapid

20 units

Example: 10 at Lunch  

5 breakfast, 5 dinner

With 3 meals per size
(50% with main meal; 
25% with other meals) 



Starting NPH +Regular insulin

• If long basal + rapid insulin are not available 

    or if cost is an issue

• Starting dose 0.5 units/kg/day: 2/3 am, 1/3 pm

• Then each dose is divided as 2/3 NPH

   Example: weight  80 kg
     0.5 units/kg/day

40 units

2/3 AM (26 units)
divided 2/3 as 
NPH (18 units)

1/3  PM (14 units)
divided 2/3 as 
NPH (10 units)

Regular insulin is divided
(1/3 of whole dose = 14 units): 

50% main meal; 25% with other 2 meals
7 units lunch, 3 breakfast, 3 dinner)



• Blood glucose <200 mg (11.1 mmol)

• Ketones and acidosis criteria are the same 
• Occurs in 10% of patients presenting with DKA
• Causes:

– SGLT-2 inhibitors 
– Reduced food intake (strict diets)
– Pregnancy 
– Alcohol 
– Liver failure 

• Management: (same as mentioned before)

– Start with Dextrose 5% with normal saline

– Start with insulin IV infusion 0.5 units/kg/hour 

 

Euglycemic diabetic ketoacidosis



Complications during 
treatment of DKA/HHS

• Hypoglycemia

• Hypokalemia

• Hyperchloremic anion gap metabolic acidosis

• Cerebral edema:

– Possibly due to rapid osmotic change, hypoperfusion

– Correct osmolality slowly

– Treatment: mannitol, mechanical ventilation  

• Osmotic demyelination syndrome:
– Was called “central pontine myelinolysis”

– Due to rapid correction of hyponatremia 

ADA/EASD/JBDS/AACE/DTS guideline. Diabetes Care 2024;47:1257



• There is increased risk of recurrent admissions for DKA

• Assessment should be done before discharge for:

- Precipitating cause

- Diabetes management 

- Psychological issues (depression, anxiety, eating disorder)

- Substance abuse 

- Social issues 

- Economic issues (access to medical care)

Prevention of DKA/HHS

ADA/EASD/JBDS/AACE/DTS guideline. Diabetes Care 2024;47:1257



• Adherence to medications

• Insulin injection technique (and sites of injection)

• Follow up & contact with the diabetes team

• Home glucose monitoring (CGM is recommended)

• Home ketone monitoring (blood or urine)  

• Sick day management:
         1) Early contact with the health care provider

         2) Continuation of insulin

         3) Use of supplemental insulin 

         4) Frequency of home glucose monitoring 

 5) Dietary instructions 

DKA/HHS: patient education

ADA/EASD/JBDS/AACE/DTS guideline. Diabetes Care 2024;47:1257



• Recognize the criteria for DKA and HHS

• Management of DKA/HHS: IV fluids, insulin, correction of 

   electrolytes and treatment of precipitating cause   

• Adjust IV fluids & insulin by monitoring glucose & electrolytes

• Monitoring and correction of serum potassium is vital

• Adjust or start insulin for DKA/HHS accordingly 

• Patient education to prevent recurrence of DKA/HHS

DKA/HHS: Summary
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