
DKA M
AN

AGEM
EN

T: 
V

ISIO
N

O
BSCU

RED
BY

SGLT2 IN
HIBITO

RS

H
UAN

(M
ARK) N

GU
YEN, P

HARM
.D., BCPS, FCSHP

A
SSO

CIATEP
RO

FESSO
R, D

EPARTM
EN

T
O

FP
HARM

ACY
P

RACTICE
AN

D
A

DM
IN

ISTRATIO
N

W
ESTERN

U
N

IVERSITYC
O

LLEGE
O

FP
HARM

ACY

CSHP SEM
IN

AR 2020 
1



D
ISCLO

SU
RE

•
I have no potential conflict of interest to disclose. 

CSHP SEM
IN

AR 2020 
2



LEARN
IN

G
O

BJECTIVES
Pharm

acist O
bjectives:

•
Appraise available m

odes of m
onitoring and treatm

ent of Diabetic 
Ketoacidosis (DKA)

•
Recognize underlying precipitating causes of DKA and euglycem

ic 
DKA secondary to SGLT2 adm

inistration
•

Identify the risk factors for developing com
plications in DKA

Pharm
acy technician objectives:

•
Identify the form

ulations of insulin for the treatm
ent of DKA

•
Recognize the proper solution to adm

inister sodium
 bicarbonate

•
Select the type of intravenous fluids use in the treatm

ent of DKA
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P
RE-TESTQ

U
ESTIO

N
S

1. W
hich 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. W
hich clinical param

eter allow
s for intravenous insulin transition to subcutaneous?

A. Serum
 bicarbonate level 10 m

Eq/L
B. Venous pH 7.1

C. Calculated anion gap 2-m
Eq/L

D. Tolerating oral nutrition

3. W
hich of the follow

ing are potential causes of euglycem
ic DKA? Select all that apply.

A.
SGLT-2 inhibitor utilization

B. Poor caloric intake
C. 

Insulin utilization 
D. Dehydration
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D
IABETIC

K
ETO

ACIDO
SIS

(DKA)
•

Acute physiological  and m
etabolic com

plications of diabetes
•

Extends from
 severe hyperglycem

ia to euglycem
ia

•
M

ild to severe dehydration
•

M
ild to severe electrolyte abnorm

alities
•

Altered level of consciousness to com
a

•
Acidosis to m

ixed acid base disorders

1.
Am

erican Diabetes Association. D
ia

b
etes C

a
re. 2020.
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DKA W
ARN

IN
G

SIG
N

S

•
Excessive thirst

•
Frequent urination

•
N

ausea and
vom

iting
•

Abdom
inal pain

•
W

eakness or fatigue
•

Shortness of breath
•

Fruity-scented breath
•

Confusion

2. KitabchiAE, et al. D
ia

b
etes C

a
re. 2009.
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DKA: C
LIN

ICALP
RESEN

TATIO
N

•
Evolves rapidly, over a 24-hour period

•
Patients m

ay present w
ith sym

ptom
s such as: nausea, vom

iting, 
and abdom

inal pain
•

Volum
e depletion is com

m
on in DKA and signs include decreased 

skin turgor, dry oral m
ucosa, low

 jugular venous pressure, 
tachycardia, and, if severe, hypotension

•
Patients m

ay present w
ith a fruity odor (due to exhaled acetone) 

and Kussm
aulrespirations

2. Kitabchi AE, et al. D
ia

b
etes C

a
re. 2009.
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DKA: PATH
O

PH
YSIO

LO
GY

•
Hyperglycem

ia is due to a reduction of effective insulin 
concentrations and elevated concentrations of counterregulatory 
horm

ones (catecholam
ines, cortisol, glucagon, and grow

th 
horm

one)
•

Polyuria and polydipsia
•

Dehydration
•

Electrolyte abnorm
alities

2. Kitabchi AE, et al. D
ia

b
etes C

a
re. 2009.
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DKA: PATH
O

PH
YSIO

LO
GY

•
Ketosis can lead to an anion gap acidosis

•
Ketosis is due to insulin deficiency and increased 
counterregulatory horm

ones
•

Horm
one im

balance enhance presence of free fatty acids into 
the circulation due to lipolysis

•
Hepatic fatty acid oxidation in the liver is unrestrained
o

Elevated ketone bodies (3 beta-hydroxybutyrate and 
acetoacetate)

2. Kitabchi AE, et al. D
ia

b
etes C

a
re. 2009.
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P
RECIPITATIN

G
FACTO

RS

•
Inadequate insulin therapy

•
Infection 

•
N

ew
onsetof diabetes

•
Acute m

ajor illness: m
yocardial 

infarction, stroke, sepsis, and 
pancreatitis

•
Concom

itant drug therapy 
(including SGLT2 inhibitors)

•
Severe

burn
ortraum

a
•

Renalfailure
•

Alcoholintoxication or chronic 
abuse

2. KitabchiAE, et al. D
ia

b
etes C

a
re. 2009.
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DKA TREATM
EN

T

•
Treatm

ent based on a careful clinical and laboratory assessm
ent is 

necessary 
•

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

•
Goals of Treatm

ent
o

M
anage the precipitating factors

o
Resolution of DKA

o
Prevent com

plications

2. Kitabchi AE, et al. D
ia

b
etes C

a
re. 2009.

3. Am
erican Diabetes Association. D

ia
b

etes C
a

re. 2009.
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DKA TREATM
EN

T

•
Fluid Therapy

•
Insulin Therapy

•
Potassium

 Therapy
•

Bicarbonate Therapy

2. Kitabchi AE, et al. D
ia

b
etes C

a
re. 2009.
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IN
SU

LIN
TH

ERAPY

2. Kitabchi AE, et al. D
ia

b
etes C

a
re. 2009.
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P
O

TASSIU
M

TH
ERAPY

2. Kitabchi AE, et al. D
ia

b
etes C

a
re. 2009.
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B
ICARBO

N
ATETH

ERAPY

2. Kitabchi AE, et al. D
ia

b
etes C

a
re. 2009.
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A
VO

ID
TREATM

EN
TC

O
M

PLICATIO
N

S

2. Kitabchi AE, et al. D
ia

b
etes C

a
re. 2009
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C
LIN

ICALM
O

N
ITO

RIN
G

2. Kitabchi AE, et al. D
ia

b
etes C

a
re. 2009.
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DKA R
ESO

LU
TIO

N

•
Resolution of DKA
•

Blood glucose 200 m
g/dL w

ith tw
o of the follow

ing criteria:
o

Serum
 bicarbonate level 15 m

Eq/L
o

Venous pH 7.3
o

Calculated anion gap 12 m
Eq/L

•
O

nce the patient is tolerating oral nutrition and the precipitating 
factor is corrected, initiate a subcutaneous insulin regim

en
•

Insulin naïve patients: 0.5-0.8 unit/kg/day 
2. KitabchiAE, et al. D

ia
b

etes C
a

re. 2009.
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P
REVEN

TIO
N

P
atien

ts
F

am
ily

 an
d

 C
aregiv

ers

E
arly

 h
ealth

care 
p

ro
v

id
er co

n
tact

E
d

u
catio

n

S
ick

 D
ay

 
M

an
agem

en
t

S
elf-M

o
n

ito
rin

g 
o

f b
lo

o
d

 glu
co

se 
an

d
 v

itals
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P
REVEN

TIO
N

&
 A

W
AREN

ESS
Euglycem

ic Diabetic Ketoacidosis
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EU
G

LYCEM
IC

D
IABETIC

K
ETO

ACIDO
SIS

•
Euglycem

ic Diabetic Ketoacidosis is a form
 of diabetic ketoacidosis 

w
ith m

ilder degrees of hyperglycem
ia (<200 m

g/dL)
•

Euglycem
ic DKA m

ay be easily m
issed solely basing sym

ptom
s on 

classic m
anifestations of DKA (ie. dehydration induced by 

hyperglycem
ia m

ay not be present)
•

Polyuria and polydipsia can be less prom
inent

•
M

ay present w
ith m

alaise, anorexia, tachycardia, tachypnea, (+/-) 
fever

4. Barski L, et al. Eu
ro

p
ea

n
 Jo

u
rn

a
l o

f In
tern

a
l M

ed
icin

e. 2019.

5. Peters AL, et al. D
ia

b
etes C

a
re. 2015.
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P
O

TEN
TIAL

CAU
SES

O
F

EU
G

LYCEM
IC

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. D
ia

b
etes C

a
re. 2015.
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V
ISIO

N
O

BSCU
RED

BYSG
LT2 IN

HIBITO
RS



SG
LT2-IN

HIBITO
RS: EU

G
LYCEM

IC
DKA

•Euglycem
ic

DKA
(plasm

a
glucose

<250
m

g/dL)has
been

reported
in

patientsw
ith

type
2

diabetestaking
SGLT2

inhibitors
•FDA

issued
a

Drug
Safety

Com
m

unication
in

M
ay

2015
w

arning
aboutthe

risk
ofketoacidosisw

ith
SGLT2

inhibitors
•Absence

of
substantial

hyperglycem
ia

delays
recognition

of
the

problem
by

patientsand
clinicians
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5. Peters AL, et al. D
ia

b
etes C

a
re. 2015.

6. Palm
er BF, et al. J Diabetes Com

plications. 2016.

7. Fralick
M

, et al. N
 EnglJ M

ed. 2017.
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SG
LT-2 IN

H
IBITO

R
M

ECHAN
ISM

: K
ETO

N
EP

RO
DU

CTIO
N

•
SGLT2 inhibitors low

er blood
glucose

levels by increasing urinary 
glucose excretion
•

Reduces insulin secretion from
 pancreatic β‐cells

o
Decline in circulating insulin levels results can low

er antilipolytic 
activity

•
Increase free fatty acids can be converted to ketone bodies by 
β‐oxidation in the liver

•
Sim

ulate secretion of glucagon w
hich can prom

ote the transportation of 
fatty acids to the liver leading to the production of ketone bodies

8.O
gaw

a W
 et al. J Diabetes Investig. 2016.



SG
LT2-IN

HIBITO
RS: EU

G
LYCEM

IC
DKA R

ISK

•
Decreased caloric intake is frequently associated w

ith the 
developm

ent of DKA
o

Can be due to nausea and vom
iting due to illness or ketoacidosis

•
Prolonged fasting can cause glycogen depletion w

hich can contribute 
to norm

al glucose levels, w
hile still w

orsening m
etabolic acidosis

o
Fasting state can accelerate lipolysis and free fatty acid production 
is accelerated

•
Reduction in insulin secretion and adm

inistration low
er the 

effectiveness of lipolysis and ketogenesis suppression
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6. Palm
er BF, et al. J Diabetes Com

plications. 2016.

7. Fralick
M

, et al. N
 EnglJ M

ed. 2017.



PATIEN
TC

ASE: EU
DKA

•
JS is a 29-year-old m

ale w
ho presented to the ED on 3/11/20 w

ith a 
chief com

plaint of a
b

d
o

m
in

a
l p

a
in

 and o
ra

l in
to

lera
n

ce d
u

e to
 

n
a

u
sea

 a
n

d
 vo

m
itin

g
 for tw

o days. He reported that his hom
e blood 

glucose levels have been elevated around the 4
0

0
-5

0
0

 ra
n

g
e, in 

w
hich he tried to decrease w

ith w
ater and a h

ea
lth

ier d
iet. Upon 

presentation he endorses shortness of breath, w
eakness, body 

aches, dizziness, anorexia, p
o

lyd
ip

sia
, p

o
lyu

ria, nausea, vom
iting, 

chest pain.
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PATIEN
TC

ASE: EU
DKA

•
PM

H: Type II Diabetes at the age of 22 w
ith an HgA1c 13.

•
Hom

e M
edications: Janum

et 50/1000 m
g PO

 BID, em
p

a
g

liflo
zin

 1
0

 
m

g
 p

o
 q

A
M

•
ED Labs: Afebrile, VSS, B

G
 1

4
9, b

ica
rb

 1
0

, a
n

io
n

 g
a

p
 2

2
, 3

-b
eta

-
h

yd
ro

xyb
u

tyra
te 7

.6
8

•
ED M

edications: Insulin drip, D5 w
ith 0.45%

 N
orm

al Saline w
ith 

potassium
.

•
Adm

itted to the ICU. 
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PATIEN
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ASE: G
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IC
C
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EU
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C
ARE
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TH

EICU



PATIEN
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C
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EU
G

LYCEM
IC

DKA TREATM
EN

T

•
Patients w

ith euglycem
ic DKA need im

m
ediate m

edical attention and 
treatm

ent
•

Treatm
ent is based on the severity of dehydration, electrolyte 

abnorm
alities and acidosis

•
Euglycem

ic DKA can be clinically considered
and treatm

ent protocols 
should allow

 for higher concentration of intravenous dextrose 
solution to facilitate insulin infusion 
o

O
m

ission of a bolus dose of insulin should be consider
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EU
G

LYCEM
IC

DKA P
REVEN

TIO
N

•
Ensure appropriate utilization of SGLT-2 inhibitors

•
Consider holding SGLT-2 inhibitors during acute illness, m

ajor 
surgery, dehydration, poor nutrition, and excessive alcohol intake
o

Hold SGLT2 approxim
ately 3 days prior to m

ajor surgery
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AR 2020 
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4. Barski L, et al. Eu

ro
p

ea
n

 Jo
u
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l o
f In

tern
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l M
ed
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e. 2019.



C
O

N
CLU

SIO
N

•
DKA can be a life-threating com

plication of diabetes and requires a 
m

ulti-disciplinary approach w
ith proper com

prehension of fluid, 
electrolyte, and acidem

ia m
anagem

ent
•

DKA recognition can be obscured in the setting of euglycem
ia

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

ia
▪

Aw
areness of precipitation factors hasten the clinical recognition of 

euglycem
ic DKA w

hich w
ill allow

 practitioners to augm
ent their treatm

ent
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P
O

ST-TESTQ
U

ESTIO
N

S
1. W

hich 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. W
hich clinical param

eter allow
s for intravenous insulin transition to subcutaneous?

A. Serum
 bicarbonate level 10 m

Eq/L
B. Venous pH 7.1

C. Calculated anion gap 2-m
Eq/L

D. Tolerating oral nutrition

3. W
hich of the follow

ing are potential causes of euglycem
ic DKA? Select all that apply.

A.
SGLT-2 inhibitor utilization

B. Poor caloric intake
C. 

Insulin utilization
D. Dehydration
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P
O

ST-TESTQ
U

ESTIO
N

S
1. W

hich 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. W
hich clinical param

eter allow
s for intravenous insulin transition to subcutaneous?

A. Serum
 bicarbonate level 10 m

Eq/L
B. Venous pH 7.1

C. Calculated anion gap 2-m
Eq/L

D. Tolerating oral nutrition

3. W
hich of the follow

ing are
potentialcauses of euglycem

ic DKA? Select all that apply.
A.

SGLT-2 inhibitor utilization
B. Poor caloric intake

C. 
Insulin utilization 

D. Dehydration
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