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Objectives:
At the end of this lecture, participants will be able to:

◼ Explain Hyperglycemic Crisis

❑ Diabetic ketoacidosis

❑ Hyperosmolar Hyperglycemia Non Ketotic State

◼ Recognize and manage Hypoglycemia

❑ Hypoglycemia unawareness
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Hyperglycemic Crises in Adult Patients

◼ Diabetic Ketoacidosis

❑ Hyperglycemia

❑ Metabolic acidosis (high anion gap)

❑ Increased total body ketone concentration

◼ Hyperosmolar Hyperglycemic State

❑ Severe hyperglycemia

❑ Hyperosmolality

❑ Dehydration

❑ Absence of significant ketoacidosis
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Epidemiology and Mortality

◼ Diabetic ketoacidosis (DKA)

❑ Also known as Diabetes Acidosis

❑ 4.6-8 episodes per 1,000 diabetic 
subjects

❑ 2-8% of all diabetic hospital admissions

❑ Mortality ranges should be below 1%, 

◼ Poor prognosis indicators: 

❑ Coma

❑ Hypotension

◼ Hyperosmolar Hyperglycemic Syndrome 
(HHS)

❑ Also known as Nonketotic 
Hyperglycemia

❑ 1 in 1,000 admissions to the hospital

❑ Mortality ranges 5~20%
◼ Age and osmolality related
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Diabetic KetoAcidosis (DKA)

◼ Life-threatening but reversible complication characterized by severe 
disturbances in protein, fat, and carbohydrate metabolism that results from 
insulin deficiency and elevation of counterregulatory hormones.

◼ Can be prevented, given appropriate patient education and prompt physician 
attention

Insulin Glucagon

Absolute or Relative

Insulin Deficiency

 Counterregulatory

Hormones
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Diabetic Ketoacidosis

◼ ALWAYS due to Insulin deficiency:

Absolute Relative

Undiagnosed T1DM Too little insulin injected

Omitted insulin in T1DM Antagonism by stress

CSII malfunction

◼ Any major stress may precipitate DKA in a patient with diabetes who 
lacks sufficient circulating insulin.  

❑ DKA may be seen in Type 2 diabetes mellitus.
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Fast and Fed State

Glycogen Protein Stored
Triglycerides

Glucose

Glycerol FFAAmino Acids

Ketone Bodies
Gluconeogenesis

Insulin
Insulin Insulin
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Increased Counterregulatory Hormones
Glucagon, Cortisol, Catecholamine, Growth Hormone

Glycogen Protein Stored
Triglycerides

Glucose

Glycerol FFAAmino Acids

Ketone Bodies

Gluconeogenesis
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DKA: Pathophysiology

 Insulin

 Counter-regulatory

Hormones
Lipolysis

Ketogenesis

Hyperglycemia

Osmotic Diuresis

Dehydration

 Urinary      

Glucose 

Excretion
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 Counter-regulatory
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Osmotic Diuresis

Dehydration
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Excretion
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Ketogenesis
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Glucose and

Ketones

DKA: Pathophysiology
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Diagnostic Criteria for DKA

Diabetic Ketoacidosis

Mild Moderate Severe

Glucose >250 >250 >250

Bicarbonate 15-18 10-14 <10

Anion gap >10 >12 >12

Arterial pH 7.25-7.30 7.00-7.24 <7.00

Urine/Serum 
Ketone

  

Sensorium Alert Alert/Drowsy Stupor/Coma



13

Euglycemic Diabetic Ketoacidosis (EDKA)

◼ Blood glucose below 250mg/dL

◼ Increased anion gap metabolic acidosis

◼ Ketonemia or ketonuria

◼ Cases mainly described in:

❑ Pump failure

❑ During SGLT-2 Inhibitor therapy

❑ Pregnancy

❑ Low caloric intake, fasting or starvation
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Signs and Symptoms

Symptoms

◼ Thirst and polyuria

◼ Weakness +/- anorexia

◼ Nausea and vomiting

◼ Anorexia

◼ Abdominal pain

◼ Visual disturbances

◼ Somnolence

◼ Weight loss

Signs

◼ Tachycardia

◼ Hypotension

◼ Hypothermia

◼ Dehydration

◼ Warm dry skin

◼ Hyperpnea/Kussmaul

◼ Impaired consciousness

◼ Fruity odor of ketones

◼ Focal neurologic signs

50-75%

25%

Fever is 
infection until 

proven 
otherwise
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Goal of Therapy

◼ Correct life-threatening abnormalities
❑ Dehydration

◼ Expand intra- and extravascular volume
◼ Restore renal perfusion

❑ Insulin deficiency
◼ Hyperglycemia
◼ Metabolic Acidosis

❑ Potassium deficiency

◼ Intensive care unit
❑ Although there are studies treating DKA in wards, standard of care is to 

treat DKA at ICUs.

◼ Frequent reexamination is imperative
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Hyperosmolar Hyperglycemic Syndrome

◼ Similar to DKA but there is enough insulin to prevent keto-acids 
generation.

◼ Usually older population than DKA 

◼ Clinical features:

❑ Severe hyperglycemia

❑ Absence of or slight ketosis

❑ Hyperosmolality

❑ Profound dehydration

◼ Hypotension, altered mental status, tachycardia, etc…
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DKA vs. HHNS

Lab Criteria DKA HHNS

Glucose, mg/dl >250 >600

Arterial pH <7.3 >7.3

HCO3, mEq/L <18 >20

BUN, mg/dl <25 >30

Osmolality <320 >330

Ketones Moderate or Large Negative or Small
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Hyperosmolar Hyperglycemic Syndrome

◼ Treatment principles are the same as DKA

◼ Older population with other co-morbidities requires more conservative 
fluid management

◼ May present focal neurologic signs and seizures

◼ Treatment:
❑ Rehydration
❑ Insulin
❑ Potassium replacement
❑ Identification and treatment of precipitating factor
❑ Thrombotic prophylaxis
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Summary

◼ Hydration to maintain intake > output

◼ Insulin to induce a progressive decrease in glucose

◼ Replace potassium aggressively 

◼ Do not discontinue insulin in patients with acidosis

◼ Look for precipitating factor

◼ Prevent further episodes
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Intercurrent Illness

◼ Any condition leading to deterioration in glycemic control necessitates more 
frequent monitoring of blood glucose; ketosis-prone patients also require urine or 
blood ketone monitoring.

◼ “Sick Days Rules”

❑ Monitor CBG frequently, e.g.  every 2-3 hours in Type 1 DM

❑ Do NOT stop completely the insulin
◼ Basal insulin should be used, and Bolus adjusted according to intake

❑ Check urine ketones.  Report to MD if positive

❑ Drink a cup of fluid every hour.  Use CHO containing fluids to allow insulin 
administration but avoid significant hyperglycemia

❑ Watch for alcohol and sugar in OTC products

Diabetes Care 2020; 43 (Supp 1): S66-S76.
Diabetes Forecast Oct 2013.
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Hypoglycemia
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Hypoglycemia in the patient with Diabetes Mellitus

Level Glycemic Criteria/Description

Level 1 Glucose <70 mg/dL and glucose ≥54 mg/dL 

Level 2 Glucose <54 mg/dL

Level 3 A severe event characterized by altered mental and/or 
physical status requiring assistance

Agiostratidou G.  Diabetes Care 2017; 40: 1622

◼ Hypoglycemia is inconvenient and frightening to patients with diabetes.

◼ Hypoglycemia can cause acute harm to the person with diabetes or others, 
especially if it causes falls, motor vehicle accidents, other injury, and death.
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Hypoglycemia

◼ Is a complication in all insulin therapy regimen and is more common 
during intensive diabetes management.

◼ The presence of hypoglycemia should be reviewed at each visit.  

❑ Try to determine the cause

❑ Specify the frequency

❑ Assess the severity

◼ Severe: requires the help or assistance of someone else

◼ Education is critical for prevention, recognition and treatment.

◼ If hypoglycemia cannot be avoided, consideration should be given to 
changing the target blood glucose range.
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Prevention

◼ Intensive therapy should never be advocated without fully informing 
the patient about the increased risk of hypoglycemia.

◼ Patients and their family members should be taught:

❑ How to look for blood glucose patterns and how to be actively involved in 
insulin dose adjustment.  They should be taught to PROSPECTIVELY adjust 
for changes in activity.

❑ That the glucose threshold for symptoms may be lower.   Therefore, there 
is less time to take action.

❑ Importance of monitoring CBG prior driving should be emphasized.

◼ Consider RT-CGM
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Hypoglycemia Unawareness

◼ Lack of early warning symptoms of hypoglycemia.  

❑ May be the first manifestation of cognitive impairment.  

❑ Deficient counterregulatory hormone release and/or diminished 
autonomic response.

◼ Hypoglycemia should be avoided for 2-4 weeks to determine if 
reversible or not.

❑ Adjustment in glycemic goals

❑ Increased monitoring frequency

❑ Reassess hypoglycemic cues
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Hypoglycemia Recommendations

◼ 6.9 Occurrence and risk for hypoglycemia should be reviewed at every 
encounter and investigated as indicated. C

◼ 6.10 Glucose (approximately 15–20 g) is the preferred treatment for the 
conscious individual with blood glucose <70 mg/dL, although any form 
of carbohydrate that contains glucose may be used. Fifteen minutes 
after treatment, if blood glucose monitoring (BGM) shows continued 
hypoglycemia, the treatment should be repeated. Once the BGM or 
glucose pattern is trending up, the individual should consume a meal or 
snack to prevent recurrence of hypoglycemia. B

ADA Standard of Medical Care 

Diabetes Care 2022; 45 (Supp 1): S83.
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Hypoglycemia Recommendations

◼ 6.11 Glucagon should be prescribed for all individuals at increased risk 
of level 2 or 3 hypoglycemia, so that it is available should it be needed. 
Caregivers, school personnel, or family members providing support to 
these individuals should know where it is and when and how to 
administer it. Glucagon administration is not limited to health care 
professionals. E

◼ 6.12 Hypoglycemia unawareness or one or more episodes of level 3 
hypoglycemia should trigger hypoglycemia avoidance education and 
reevaluation and adjustment of the treatment regimen to decrease 
hypoglycemia. E

ADA Standard of Medical Care 

Diabetes Care 2022; 45 (Supp 1): S83.
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Glucagon

◼ The use of glucagon is indicated for the treatment of hypoglycemia in 
people unable or unwilling to consume carbohydrates by mouth. 

◼ Preparations:

❑ Powder that require reconstitution

❑ Solution ready to inject

◼ Emergency Kit $ 290*

❑ Intranasal

Diabetes Care 2020; 43 (Supp 1): S66-S76.*GoodRx accessed on Jan 1, 2020
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Hypoglycemia Recommendations

◼ 6.13 Insulin-treated patients with hypoglycemia unawareness, one level 
3 hypoglycemic event, or a pattern of unexplained level 2 hypoglycemia 
should be advised to raise their glycemic targets to strictly avoid 
hypoglycemia for at least several weeks in order to partially reverse 
hypoglycemia unawareness and reduce risk of future episodes. A

◼ 6.14 Ongoing assessment of cognitive function is suggested with 
increased vigilance for hypoglycemia by the clinician, patient, and 
caregivers if impaired or declining cognition is found. B

ADA Standard of Medical Care 

Diabetes Care 2022; 45 (Supp 1): S83.
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Summary

◼ Hyperglycemic crisis require immediate recognition, evaluation, and 
admission to a hospital

❑ Hydration

❑ Insulin administration

❑ Potassium administration

◼ Hypoglycemia should be avoided as much as possible.  The risk of 
hypoglycemia should be weighted against the benefit obtain from the 
glycemic control.
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