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More than 10% of adults undergoing
colonoscopy have type 2 diabetes (T2D)
(1). The use of sodium–glucose cotrans-
porter 2 inhibitors (SGLT2i) has increased
due to their glycemic control and benefits
of lowering cardiovascular morbidity and
mortality as well as reducing diabetic
nephropathy (2,3).
Diabetic ketoacidosis (DKA) is a rare

complication associated with SGLT2i.
Precipitating factors include fasting, di-
etarymodifications, intercurrent illnesses,
surgical stress, insulin insufficiency, and
inappropriate management of SGLT2i
in the periprocedural period. SGLT2i-
induced ketoacidosis can present either
with elevated blood glucose levels (BGL)
or with near-normal BGL (,250 mg/dL),
termed euglycemic diabetic ketoacidosis
(EDKA) (4). Interventional gastroenterol-
ogy procedures, in particular colonos-
copy, pose risk for EDKA with SGLT2i
use due to cathartic bowel preparation,
fluid-only dietary restriction, and fasting.
We present a series of cases of EDKA in
the setting of colonoscopy and discuss
its procedure-specific implications.
Eight cases of SGLT2i-associated EDKA

in the setting of colonoscopy were iden-
tifiedbetweenAugust 2019andFebruary

2020 across three centers. Five cases
were identified through the Central Ade-
laide Local Health Network (CALHN),
South Australia, and three were identi-
fied at the Royal Brisbane and Women’s
Hospital (RBWH), Queensland. Ethical
approval was obtained from the CALHN
(13194) and RBWH (LNR/2020/QRBW/
61873)HumanResearchEthicsCommittees.

All patients had T2D and were aged
between 45 and 75 years (Table 1). One
patient was on a very-low-calorie diet,
which may have been a contributory
factor. Duration of T2D ranged from
18months to 20 years, and HbA1c ranged
from 36 to 87 mmol/mol (5.4% to 10.1%).
All patients were prescribed metformin
and a variety of other diabetes drugs,
including insulin (two patients). The
SGLT2i prescribed were dapagliflozin
(n 5 4) and empagliflozin (n5 5). Seven
patients took SGLT2i up to the day prior
and one took it on the morning of
colonoscopy.

Patients presented with a spectrum
frommild (case 1) to severe ketoacidosis
(cases 6 and 8). Interestingly, two pa-
tients were asymptomatic (cases 7 and
8). Acidosis varied with a pH range 7.18–
7.33, bicarbonate 12–21.7 mEq/L, and

serum ketones 2–5.2 mmol/L. All pa-
tients fulfilled criteria for EDKA. Seven
patients were identified preprocedure,
three proceeded with their colonoscopy,
and colonoscopy was rescheduled for
four. EDKAwas noted after the procedure
in one. All patients received treatment;
intravenous (i.v.) insulin/dextrose (n5 5),
subcutaneous (s.c.) insulin (n 5 2), and
oral carbohydrate intake (n 5 8). Treat-
ment took place across thewards (n5 6),
postanesthesia care unit (n 5 1), and
emergency department (n 5 1). All
patients recovered, and SGLT2i ther-
apy was recommenced in four.

This is the first case series of SGLT2i-
associated EDKA occurring in patients
undergoing colonoscopy and has impli-
cations for periprocedural management.
While our case series is small, it highlights
a numberof key points.Despite variability
in duration of T2D, age, glycemic control,
and other diabetes therapy, there is a risk
of EDKA if SGLT2i are not held. All but one
held their SGLT2i on the morning of the
procedure. As euglycemia is a feature of
SGLT2i-associated EDKA, BGL is not a di-
agnostic criterion. In contrast to reports
in other settings, colonoscopy patients
were systemically well (4). Patients

1Department of Endocrinology and Diabetes, The Queen Elizabeth Hospital, Adelaide, South Australia, Australia
2Endocrine and Metabolic Unit, Royal Adelaide Hospital, Adelaide, South Australia, Australia
3Discipline of Medicine, University of Adelaide, Adelaide, South Australia, Australia
4Department of Anaesthesia and Perioperative Medicine, Royal Brisbane and Women’s Hospital, Brisbane, Queensland, Australia
5Department of Anaesthesia, The Queen Elizabeth Hospital, Adelaide, South Australia, Australia
6Discipline of Acute Care Medicine, University of Adelaide, Adelaide, South Australia, Australia
7Department of Gastroenterology, The Queen Elizabeth Hospital, Adelaide, South Australia, Australia

Corresponding author: Emily J. Meyer, emily.meyer@sa.gov.au

Received 24 May 2020 and accepted 30 July 2020

E.J.M. and E.M. share co-first authorship.

© 2020 by the American Diabetes Association. Readers may use this article as long as the work is properly cited, the use is educational and not for profit,
and the work is not altered. More information is available at https://www.diabetesjournals.org/content/license.

Emily J. Meyer,1,2,3 Edward Mignone,1

Anthony Hade,4

Venkatesan Thiruvenkatarajan,5,6

Robert V. Bryant,3,7 and

David Jesudason1,2,3

Diabetes Care Volume 43, November 2020 e181

e-LETTER
S
–
O
B
SER

V
A
TIO

N
S

https://doi.org/10.2337/dc20-1244
http://crossmark.crossref.org/dialog/?doi=10.2337/dc20-1244&domain=pdf&date_stamp=2020-09-26
mailto:emily.meyer@sa.gov.au
https://www.diabetesjournals.org/content/license


T
a
b
le

1—
E
ig
h
t
ca

se
s
o
f
SG

L
T
2
i-
as

so
ci
a
te
d
D
K
A

in
th
e
se

tt
in
g
o
f
co

lo
n
o
sc
o
p
y

C
as
e

1
2

3
4

5
6

7
8

Se
x

M
al
e

M
al
e

Fe
m
al
e

M
al
e

M
al
e

Fe
m
al
e

M
al
e

Fe
m
al
e

A
ge
,
ye
ar
s

53
75

69
60

60
45

55
79

Ty
p
e
o
f
d
ia
b
et
es

T2
D

T2
D

T2
D

T2
D

T2
D

T2
D

T2
D

T2
D

Ty
p
e
1

au
to
an
ti
b
o
d
ie
s

N
/A

A
n
ti
-G
A
D
,
an
ti
-I
A
2,

an
d
is
le
t
ce
ll

an
ti
b
o
d
ie
s

n
eg
at
iv
e

N
/A

N
/A

N
/A

A
n
ti
-G
A
D
an
d
an
ti
-

IA
2
an
ti
b
o
d
ie
s

n
eg
at
iv
e
(b
u
t
tw

o
p
re
vi
o
u
s
ep

is
o
d
es

o
f
D
KA

)

N
/A

N
/A

H
b
A
1
c,
m
m
o
l/
m
o
l(
%
)

60
(7
.6
)

53
(7
.0
)

87
(1
0.
1)

69
(8
.5
)

36
(5
.4
)

66
(8
.2
)

50
(6
.7
)

64
(8
.0
)

D
u
ra
ti
o
n
o
f
d
ia
b
et
es

2
ye
ar
s

13
ye
ar
s

20
ye
ar
s

18
m
o
n
th
s

N
/A

19
ye
ar
s

5
ye
ar
s

4
ye
ar
s

SG
LT
2i

D
ap
ag
lifl
o
zi
n

10
m
g

Em
p
ag
lifl
o
zi
n
25

m
g

D
ap
ag
lifl
o
zi
n
10

m
g

Em
p
ag
lifl
o
zi
n
25

m
g

Em
p
ag
lifl
o
zi
n
5
m
g

B
D

D
ap
ag
lifl
o
zi
n
5
m
g
O
D

Em
p
ag
lifl
o
zi
n
12

.5
m
g

O
D

Em
p
ag
lifl
o
zi
n
12

.5
m
g

B
D

O
H
A

M
et
fo
rm

in
1
g
TD

S,
lin
ag
lip
ti
n

2.
5
m
g
B
D
,

ar
ca
b
o
se

10
0
m
g
TD

S

M
et
fo
rm

in
1
g
O
D
,

gl
ip
zi
de

2.
5
m
g

M
et
fo
rm

in
1
g
TD

S
M
et
fo
rm

in
1
g
B
D
,

si
ta
gl
ip
ti
n
10

0
m
g,

gl
ic
la
zi
d
e
M
R

60
m
g
O
D

M
et
fo
rm

in
1
g
B
D

M
et
fo
rm

in
XR

1
g
O
D

M
et
fo
rm

in
XR

1
g
O
D

M
et
fo
rm

in
XR

1
g
B
D
,

p
io
gl
it
az
o
n
e
30

m
g

O
D

In
su
lin

N
o
n
e

N
o
n
e

N
o
vo
M
ix
30
/7
0
25

IU
b
re
ak
fa
st
,
12

IU
d
in
n
er

N
o
n
e

N
o
n
e

La
n
tu
s
30

IU
n
o
ct
e,

H
u
m
al
o
g
va
ri
ab
le

d
o
se

4
IU

p
er

15
g

ca
rb
o
h
yd
ra
te
(;

40
IU

p
er

d
ay
)

N
o
n
e

N
o
n
e

SG
LT
2i
w
it
h
he

ld
p
ri
o
r

to
p
ro
ce
d
u
re

Y:
m
o
rn
in
g
o
f

p
ro
ce
d
u
re

Y:
m
o
rn
in
g
o
f

p
ro
ce
d
u
re

Y:
m
o
rn
in
g
o
f

p
ro
ce
d
u
re

Y:
m
o
rn
in
g
o
f

p
ro
ce
d
u
re

Y:
m
o
rn
in
g
o
f

p
ro
ce
d
u
re

Y:
m
o
rn
in
g
o
f

p
ro
ce
d
u
re

(t
o
o
k

ev
en

in
g
p
ri
o
r)

N
:
to
o
k
m
o
rn
in
g
o
f

p
ro
ce
d
u
re

Y:
m
o
rn
in
g
o
f

p
ro
ce
d
u
re

B
o
w
el

p
re
p
ar
at
io
n

4
L
o
f
G
ly
co
p
re
p
-C

4
L
o
f
G
ly
co
p
re
p
-C

Lo
w
-fi
b
er

d
ie
t
4
d
ay
s,

M
ag
n
es
ia

Sa
n

Pe
lle
gr
in
o
B
D

4
d
ay
s,
4
L
o
f

G
ly
co
p
re
p
-C

4
L
o
f
G
ly
co
p
re
p
-C

C
le
ar

fl
u
id
s
fr
o
m

lu
n
ch

d
ay

p
ri
o
r,
3
L

o
f
co
lo
n
LY
TE
LY

Lo
w
-fi
b
er

d
ie
t
5
d
ay
s,

m
ag
n
es
iu
m
ci
tr
at
e,

b
is
ac
o
d
yl
,
3
L
o
f

G
ly
co
p
re
p
-C

Lo
w
-fi
b
er

d
ie
t
5
d
ay
s,

m
ag
n
es
iu
m
ci
tr
at
e,

b
is
ac
o
d
yl
,
3
L
o
f

G
ly
co
p
re
p
-C

Lo
w
-fi
b
er

d
ie
t
5
d
ay
s,

m
ag
n
es
iu
m
ci
tr
at
e,

b
is
ac
o
d
yl
,
3
L
o
f

G
ly
co
p
re
p
-C

O
n
se
t
o
f
D
KA

Pr
io
r
to

p
ro
ce
d
u
re

Pr
io
r
to

p
ro
ce
d
u
re

Pr
io
r
to

p
ro
ce
d
u
re

Pr
io
r
to

p
ro
ce
d
u
re

Po
st

p
ro
ce
d
u
re

Pr
io
r
to

p
ro
ce
d
u
re

(b
ef
or
e
3r
d
L
o
f

G
ly
co
p
re
p
-C
)

Pr
io
r
to

p
ro
ce
d
u
re

Pr
io
r
to

p
ro
ce
d
u
re

B
G
L,
m
g/
d
L
(m

m
o
l/
L)

15
4.
8
(8
.6
)

79
.2

(4
.4
)

23
7.
6
(1
3.
2)

15
8.
4
(8
.8
)

13
6.
8
(7
.6
)

93
.6

(5
.2
)

91
.8

(5
.1
)

15
4.
8
(8
.6
)

p
H

7.
29

7.
18

7.
24

N
/A

N
/A

7.
33

7.
30

7.
25

Ke
to
n
es
,
m
m
o
l/
L

2
2.
9

4.
2

2.
8

3.
1

3.
1

4.
7

5.
2

A
n
io
n
ga
p
,
m
m
o
l/
L

23
22

23
.1

N
/A

27
13

18
22 C
on

ti
nu

ed
on

p.
e1
83

e182 SGLT2i-Associated DKA During Colonoscopy Diabetes Care Volume 43, November 2020



T
a
b
le

1—
C
o
n
ti
n
u
e
d

C
as
e

1
2

3
4

5
6

7
8

B
ic
ar
b
o
n
at
e,

m
Eq
/L

21
.6

21
.7

16
.8

N
/A

17
12

17
14

B
as
e
ex
ce
ss
,
m
m
o
l/
L

2
5.
1

2
5.
9

2
9.
4

N
/A

N
/A

2
11

.9
2
8.
0

2
12

.0

Pr
o
ce
d
u
re

d
el
ay
ed

?
N

Y
(b
y
4
w
ee
ks
)

Y
(b
y
4
w
ee
ks
)

N
N

Y
(b
y
5
d
ay
s)

N
Y
(b
y
1
d
ay
)

M
an
ag
em

en
t

i.v
.
in
su
lin

an
d

d
ex
tr
o
se
;
o
ra
l

in
ta
ke

i.v
.
in
su
lin

an
d

d
ex
tr
o
se
,
fo
llo
w
ed

b
y
La
n
tu
s
10

u
n
it
s

s.
c.

i.v
.
in
su
lin

an
d

d
ex
tr
o
se
;
o
ra
l

in
ta
ke

O
ra
l
in
ta
ke

an
d
s.
c.

in
su
lin

O
ra
l
in
ta
ke

o
n
ly

O
ra
l
in
ta
ke

an
d
s.
c.

in
su
lin

i.v
.
in
su
lin

an
d

d
ex
tr
o
se
;
o
ra
l

in
ta
ke
.

i.v
.
in
su
lin

an
d

de
xt
ro
se
;o
ra
li
nt
ak
e

Lo
ca
ti
o
n

W
ar
d

W
ar
d

W
ar
d

Po
st
an
es
th
es
ia

ca
re

u
n
it

W
ar
d

Em
er
ge
n
cy

d
ep

ar
tm

en
t

W
ar
d

W
ar
d

In
su
lin

in
fu
si
o
n

d
u
ra
ti
o
n

26
h

11
h

18
h

4.
5
h

N
/A

D
is
ch
ar
ge
d
h
o
m
e

af
te
r
2
h
o
f

m
o
n
it
o
ri
n
g

12
h

22
h

O
u
tc
o
m
e

R
ec
o
ve
re
d

R
ec
o
ve
re
d

R
ec
o
ve
re
d

R
ec
o
ve
re
d

R
ec
o
ve
re
d

R
ec
o
ve
re
d

R
ec
o
ve
re
d

R
ec
o
ve
re
d

SG
LT
2i
re
co
m
m
en

ce
d

Y
(3

d
ay
s
la
te
r)

N
U
n
kn
o
w
n

Y
(1

d
ay

la
te
r)

N
Y
(6

w
ee
ks

la
te
r)

N
Y
(4

d
ay
s
la
te
r)

B
D
,
tw

ic
e
a
d
ay
;
IU
,
in
te
rn
at
io
n
al

u
n
it
s,
d
ep

en
d
en

cy
u
n
it
;
N
,
n
o
;
N
/A
,
n
o
t
av
ai
la
b
le
;
O
A
H
,
o
ra
l
an
ti
h
yp
er
gl
yc
em

ic
;
O
D
,
o
n
ce

d
ai
ly
;
TD

S,
th
re
e
ti
m
es

a
d
ay
;
Y
5

ye
s.

care.diabetesjournals.org Meyer and Associates e183

http://care.diabetesjournals.org


presenting for colonoscopy havemany of
the same precipitating factors (e.g., very-
low-calorie diet, volume depletion, re-
duced insulin administration/secretion)
as those observed in bariatric surgery
patients (5). It appears that bowel prep-
aration increases EDKA risk, while the
colonoscopy procedure itself may not.
All but one case occurred prior to colono-
scopy; three patients proceeded to colo-
noscopy without worsening of their EDKA.
Notably, EDKA has not been observed
with upper endoscopy. EDKA risk may
be related to fluid and electrolyte shifts
associated with bowel cleansing with an
osmotic laxative, the effect of whichmay
be potentiated by an SGLT2i acting on
the sodium–glucose cotransporter 1 on
the apical membrane of enterocytes.
Furthermore, a period of “low-residue
diet" preceding bowel preparation may
lead to a longer relative fasting period.
SGLT2i-associated EDKA in the setting

of colonoscopy presented along a spec-
trumof clinical severity varying frommild
ketosis without significant acidosis to
severe ketoacidosis and was asymptom-
atic in two. Acid-base status must be
assessed in all patients with elevated
ketones even if they are well, to differ-
entiate ketoacidosis from themore com-
mon and less harmful ketosis without
acidosis.
This case series shows that EDKA can

occur in patients undergoing bowel prep-
arationwhocease their SGLT2ion theday
of colonoscopy. At a minimum, SGLT2i
should be stopped 2 days prior to colo-
noscopy to allow washout of the SGLT2i
to start before bowel preparation. In
complex, high-risk patients, a conserva-
tive approach would require ceasing

SGLT2i prior to the low-residue diet. It
is prudent to encourage adequate hy-
dration and caloric intake (e.g., glucose-
containing clear fluid) during catharsis to
limit fluid and electrolyte shifts. Ensuring
patients are scheduled first on a pro-
cedural list may avoid excessive fasting.
Evenwhen this approach is adopted at an
institutional level, occasionally this ad-
vice will not be followed by patients. A
strategy is needed for patients who
present for colonoscopy who have taken
an SGLT2i during this preprocedural pe-
riod or those who present with symp-
toms suggestiveof EDKA.Werecommend
that a finger-prick ketone threshold ex-
ceeding 1.0 mmol/L should prompt the
need for a blood gas to look formetabolic
acidosis.Patientswithabaseexcessof less
than 25 confirming ketosis with acidosis
warrant treatment with an i.v. insulin/
dextrose infusion. Deferral of nonurgent
colonoscopy is the safest approach; how-
ever, our case series suggests it may be
possible to safely proceed with colonos-
copy in selected milder cases (e.g., base
excess greater than210), provided treat-
ment with i.v. insulin/dextrose is admin-
istered. Those without acidosis (base
excess greater than 25) warrant endo-
crinologyadvicebutmostly couldproceed
with colonoscopy.

A caveat to withholding SGLT2i med-
ication is inducing hyperglycemia, with
the risk even greater if the SGLT2i is
prescribed in pill combination. An alter-
nate strategy would be to continue the
SGLT2i until thedayof bowel preparation
as long as patients were able to monitor
finger-prick ketone levels.

As the patient cohort taking SGLT2i
and undergoing colonoscopy is likely to

grow, more research is required to de-
termine incidence, define those “at risk,”
identify the optimal time to stop SGLT2i,
and determine the safety of proceeding
with colonoscopy in patients with mild-
to-moderate EDKA.
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