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LEARNING OBJECTIVES

Pharmacist Objectives:
* Appraise available modes of monitoring and treatment of Diabetic

Ketoacidosis (DKA)

 Recognize underlying precipitating causes of DKA and euglycemic
DKA secondary to SGLT2 administration

* |dentify the risk factors for developing complications in DKA
Pharmacy technician objectives:

e |dentify the formulations of insulin for the treatment of DKA

* Recognize the proper solution to administer sodium bicarbonate
e Select the type of intravenous fluids use in the treatment of DKA
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PRE-TEST QUESTIONS

1. Which therapeutic interventions should be considered in the setting of DKA? Select

all that apply.
A. Insulin B. Potassium C. Intravenous fluid D. Sodium bicarbonate

2. Which clinical parameter allows for intravenous insulin transition to subcutaneous?
A. Serum bicarbonate level 10 mEq/L B. Venous pH 7.1
C. Calculated anion gap 2- mEqg/L D. Tolerating oral nutrition

3. Which of the following are potential causes of euglycemic DKA? Select all that apply.
A. SGLT-2 inhibitor utilization B. Poor caloric intake
C. Insulin utilization D. Dehydration
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DIABETIC KETOACIDOSIS (DKA)

* Acute physiological and metabolic complications of diabetes
- Extends from severe hyperglycemia to euglycemia
- Mild to severe dehydration
- Mild to severe electrolyte abnormalities
- Altered level of consciousness to coma
- Acidosis to mixed acid base disorders

1. American Diabetes Association. Diabetes Care. 2020.
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DKA WARNING SIGNS

* Excessive thirst

* Frequent urination
 Nausea and vomiting
* Abdominal pain
 Weakness or fatigue

* Shortness of breath

*  Fruity-scented breath
* Confusion

2. Kitabchi AE, et al. Diabetes Care. 2009.
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DKA: CLINICAL PRESENTATION

* Evolves rapidly, over a 24-hour period
e Patients may present with symptoms such as: nausea, vomiting,

and abdominal pain
* Volume depletion is common in DKA and signs include decreased

skin turgor, dry oral mucosa, low jugular venous pressure,

tachycardia, and, if severe, hypotension
e Patients may present with a fruity odor (due to exhaled acetone)

and Kussmaul respirations
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DKA: PATHOPHYSIOLOGY

 Hyperglycemia is due to a reduction of effective insulin
concentrations and elevated concentrations of counterregulatory
hormones (catecholamines, cortisol, glucagon, and growth
hormone)

* Polyuria and polydipsia
 Dehydration
* Electrolyte abnormalities

2. Kitabchi AE, et al. Diabetes Care. 2009.
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DKA: PATHOPHYSIOLOGY

* Ketosis can lead to an anion gap acidosis
e Ketosis is due to insulin deficiency and increased
counterregulatory hormones

e Hormone imbalance enhance presence of free fatty acids into
the circulation due to lipolysis
H

epatic fatty acid oxidation in the liver is unrestrained

o Elevated ketone bodies (3 beta-hydroxybutyrate and
acetoacetate)

2. Kitabchi AE, et al. Diabetes Care. 2009.
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PRECIPITATING FACTORS

* [Inadequate insulin therapy
 |nfection
e New onset of diabetes

* Acute major illness: myocardial
infarction, stroke, sepsis, and
pancreatitis

2. Kitabchi AE, et al. Diabetes Care. 2009.
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Concomitant drug therapy
(including SGLT2 inhibitors)

Severe burn or trauma
Renal failure

Alcohol intoxication or chronic
abuse
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DKA TREATMENT

* Treatment based on a careful clinical and laboratory assessment is
necessary

e Utilize a validated insulin infusion protocol for the critically ill
setting or an individualized insulin therapy for non-critically ill

* Goals of Treatment
o Manage the precipitating factors
o Resolution of DKA
o Prevent complications

2. Kitabchi AE, et al. Diabetes Care. 2009.
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DKA TREATMENT

* Fluid Therapy

* Insulin Therapy
 Potassium Therapy

* Bicarbonate Therapy

2. Kitabchi AE, et al. Diabetes Care. 2009.
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2. Kitabchi AE, et al. Diabetes Care. 2009.
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FLUID THERAPY

Severe
Hypovolemia

Hydration Mild

Status Dehydration

Cardiogenic
Shock

0.9% NaCl
(1 L/hr)

Calculate
corrected
serum Na*

Hemodynamic
monitoring/
pressors

2. Kitabchi AE, et al. Diabetes Care. 2009.
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Normal or
High

Low

0.45% NaCl

(250-500
mL/hr)

0.9% NaCl

(250-500
mL/hr)

DSW, 2 NS

(150 - 250
mL/hr)
when blood
glucose = 200
mg/dl
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INSULIN THERAPY

IV Insulin
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0.1 unit/kg/hr as
continuous IV
infusion

0.1 unit/kg as IV
bolus

0.14 unit/kg/hr as continuous IV
infusion

2. Kitabchi AE, et al. Diabetes Care. 2009.

Serum glucose

f£alls by <10% in

first hour, give
0.14 unit/kg

IV bolus then
continue
previous Rx

0.02-0.05
units/kg/hr
infusion or
rapid-acting
insulin 0.1
unit/kg/2 hr
when serum
glucose = 200
mg/dl. Keep at
150-200 mg/dl.
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POTASSIUM THERAPY

Do not give K*

Check serum K*
every 2 hours

K* > 5.2 mEq/L

20-30 mEq of K*/L
of IV fluid. Keep

Adequate renal
function (UO ~ 50
ml/hr)

serum K* between
4-5s mEq/L

Hold insulin and
give 20-30 mEq/hr
of K* until serum
K*>3.3 mEq/L

K*<3.3 mEq/L

2. Kitabchi AE, et al. Diabetes Care. 2009.
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BICARBONATE THERAPY
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(100 mmol/ 400
ml H,O + 20 mEq
KC1)/2 hr

2. Kitabchi AE, et al. Diabetes Care. 2009.

Repeat every 2
hours until pH 2

7. Monitor serum
K* every 2 hours
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AVOID TREATMENT COMPLICATIONS

Hypokalemia

Cerebral Edema @
Pulmonary Edema @

2. Kitabchi AE, et al. Diabetes Care. 2009
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Hypoglycemia

@ Hyperglycemia
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CLINICAL MONITORING

‘ Electrolytes

@ Bun

»

Every 2-4 hours

‘ Venous pH

. Creatinine

2. Kitabchi AE, et al. Diabetes Care. 2009.
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DKA RESOLUTION

* Resolution of DKA
* Blood glucose 200 mg/dL with two of the following criteria:
o Serum bicarbonate level 15 mEqg/L
o Venous pH 7.3
o Calculated anion gap 12 mEq/L
* Once the patient is tolerating oral nutrition and the precipitating
factor is corrected, initiate a subcutaneous insulin regimen
* Insulin naive patients: 0.5-0.8 unit/kg/day

2. Kitabchi AE, et al. Diabetes Care. 2009.
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PREVENTION

Patients E Family and Caregivers
Education
¢

Early healthcare
provider contact

Sick Day
Management

2. Kitabchi AE, et al. Diabetes Care. 2009

CSHP SEMINAR 2020

Self-Monitoring
of blood glucose
and vitals

21



PREVENTION & AWARENESS

Euglycemic Diabetic Ketoacidosis

CSHP SEMINAR 2020

22



EUGLYCEMIC DIABETIC KETOACIDOSIS

* Euglycemic Diabetic Ketoacidosis is a form of diabetic ketoacidosis
with milder degrees of hyperglycemia (<200 mg/dL)

* Euglycemic DKA may be easily missed solely basing symptoms on
classic manifestations of DKA (ie. dehydration induced by

hyperglycemia may not be present)
* Polyuria and polydipsia can be less prominent

* May present with malaise, anorexia, tachycardia, tachypnea, (+/-)
fever

4. Barski L, et al. European Journal of Internal Medicine. 2019.

CSHP SEMINAR 2020 5. Peters AL, et al. Diabetes Care. 2015. 23



POTENTIAL CAUSES OF EUGLYCEMIC DKA

* SGLT-2 inhibitors

* Decreased caloric intake

* Pregnancy

* Glycogen storage diseases and chronic liver diseases
* Acute pancreatitis

* Heavy alcohol use

* Cocaine intoxication

5. Peters AL, et al. Diabetes Care. 2015.
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VISION OBSCURED BY SGLT2 INHIBITORS
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SGLT2-INHIBITORS: EUGLYCEMIC DKA

* Euglycemic DKA (plasma glucose <250 mg/dL) has been reported in
patients with type 2 diabetes taking SGLT2 inhibitors

*FDA issued a Drug Safety Communication in May 2015 warning
about the risk of ketoacidosis with SGLT2 inhibitors

* Absence of substantial hyperglycemia delays recognition of the
problem by patients and clinicians

5. Peters AL, et al. Diabetes Care. 2015.
6. Palmer BF, et al. J Diabetes Complications. 2016.
CSHP SEMINAR 2020 7. Fralick M, et al. N Engl J Med. 2017. 26



SGLT-2 INHIBITOR MECHANISM: KETONE PRODUCTION

 SGLT2 inhibitors lower blood glucose levels by increasing urinary

glucose excretion
 Reduces insulin secretion from pancreatic B-cells
o Decline in circulating insulin levels results can lower antilipolytic
activity

* Increase free fatty acids can be converted to ketone bodies by
B-oxidation in the liver

e Simulate secretion of glucagon which can promote the transportation of
fatty acids to the liver leading to the production of ketone bodies

8. Ogawa W et al. J Diabetes Investig. 2016.
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SGLT2-INHIBITORS: EUGLYCEMIC DKA RISK

* Decreased caloric intake is frequently associated with the
development of DKA

o Can be due to nausea and vomiting due to illness or ketoacidosis
* Prolonged fasting can cause glycogen depletion which can contribute
to normal glucose levels, while still worsening metabolic acidosis
o Fasting state can accelerate lipolysis and free fatty acid production
is accelerated

* Reduction in insulin secretion and administration lower the
effectiveness of lipolysis and ketogenesis suppression

6. Palmer BF, et al. J Diabetes Complications. 2016.
CSHP SEMINAR 2020 7. Fralick M, et al. N Engl J Med. 2017. 28



PATIENT CASE: EU DKA

e JSisa29-year-old male who presented to the ED on 3/11/20 with a
chief complaint of abdominal pain and oral intolerance due to
nausea and vomiting for two days. He reported that his home blood
glucose levels have been elevated around the 400-500 range, in
which he tried to decrease with water and a healthier diet. Upon
presentation he endorses shortness of breath, weakness, body
aches, dizziness, anorexia, polydipsia, polyuria, nausea, vomiting,
chest pain.
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PATIENT CASE: EU DKA

* PMH: Type Il Diabetes at the age of 22 with an HgA1c 13.

 Home Medications: Janumet 50/1000 mg PO BID, empagliflozin 10
mg po gAM

 ED Labs: Afebrile, VSS, BG 149, bicarb 10, anion gap 22, 3-beta-
hydroxybutyrate 7.68

 ED Medications: Insulin drip, D5 with 0.45% Normal Saline with
potassium.

e Admitted to the ICU.
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PATIENT CASE: GLYCEMIC CARE

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
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EU DKA GLYCEMIC CARE IN THE ICU

3/12/2020

HED
00:00 :00
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PATIENT CASE: GLYCEMIC CARE

3/13/2020

08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
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EUGLYCEMIC DKA TREATMENT

e Patients with euglycemic DKA need immediate medical attention and
treatment

* Treatment is based on the severity of dehydration, electrolyte
abnormalities and acidosis

* Euglycemic DKA can be clinically considered and treatment protocols
should allow for higher concentration of intravenous dextrose
solution to facilitate insulin infusion

o Omission of a bolus dose of insulin should be consider

CSHP SEMINAR 2020 34



EuGLYCEMIC DKA PREVENTION

* Ensure appropriate utilization of SGLT-2 inhibitors

e Consider holding SGLT-2 inhibitors during acute illness, major
surgery, dehydration, poor nutrition, and excessive alcohol intake

o Hold SGLT2 approximately 3 days prior to major surgery

e 4. Barski L, et al. European Journal of Internal Medicine. 2019.
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CONCLUSION

 DKA can be a life-threating complication of diabetes and requires a
multi-disciplinary approach with proper comprehension of fluid,
electrolyte, and acidemia management

 DKA recognition can be obscured in the setting of euglycemia

o Clarity can be facilitated through conscious attention of precepting
factors for euglycemia

" Awareness of precipitation factors hasten the clinical recognition of
euglycemic DKA which will allow practitioners to augment their treatment
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POST-TEST QUESTIONS

1. Which therapeutic interventions should be considered in the setting of DKA? Select all that

apply.
A. Insulin B. Potassium C. Intravenous fluid D. Sodium bicarbonate

2. Which clinical parameter allows for intravenous insulin transition to subcutaneous?
A. Serum bicarbonate level 10 mEq/L B. Venous pH 7.1
C. Calculated anion gap 2- mEqg/L D. Tolerating oral nutrition

3. Which of the following are potential causes of euglycemic DKA? Select all that apply.

A. SGLT-2 inhibitor utilization B. Poor caloric intake
C. Insulin utilization D. Dehydration
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