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Acetazolamide and SGLT2
inhibitor as potent drugs for a
patient with diabetes mellitus
and worsening chronic lym-
phedema: A case report
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Abstract

Treatment of lymphedema using a phar-
macologic approach is reported to have lim-
ited efficacy. Here, I report a patient with
type 2 diabetes (T2DM) and acute worsen-
ing of her chronic lymphedema, in whom
treatment with acetazolamide and a sodium-
glucose cotransporter-2 inhibitor (SGLT21)
effectively improved the lymphedema. A
94-year-old woman, who was treated for
T2DM, hyperlipidemia, and hypertension
for 17 years at my hospital presented to the
emergency room because of acute worsen-
ing of her chronic right leg lymphedema
with increased swelling, tightness, and dull
aching. A pharmacologic approach was
used to treat her worsening lymphedema.
Acetazolamide 500 mg/d was administered
to treat the acute tissue fluid collection in
the right lymphedematous leg. Ten days
later, the patient’s body weight was marked-
ly reduced by 3.2 kg, pitting in the right leg
was markedly improved, and the circumfer-
ence of right limb was decreased. On day
11, the glucose-lowering agent vildagliptin
was switched to the SGLT2i empagliflozin
10 mg/d. On day 70, her body weight had
decreased further by 2.8 kg, and the circum-
ference of her right limb was greatly
reduced compared with that under treatment
with acetazolamide. Her serum chloride
concentration was increased after treatment,
but her hemoglobin and hematocrit values
did not change during the study period. In
conclusion, acetazolamide and an SGLT2i
have acute diuretic effects for draining the
excess tissue fluid in the lymphedematous
limb without vascular contraction by
enhancing vascular tonicity. Additionally,
an SGLT2i may have chronic effects for
reducing fat deposits in the lymphedema-
tous limb.

Introduction

The lymphatic system drains through
the lymph nodes and lymphedema generally
arises due to an obstruction in the lymphatic
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system, mainly due to surgery, radiation or
trauma.! In particular, lymphedema is an
important consideration for clinicians who
care for cancer patients because of its rela-
tively high frequency and significant func-
tional and quality of life implications for
patients.! Diuretic treatment of lymphede-
ma is reported to have limited efficacy
because it does not eliminate the protein
that attracts and hangs onto the extra lymph
fluid.! The chloride theory for heart failure
pathophysiology,> however, promotes the
active use of acetazolamide in cardiovascu-
lar patients.* The chloride theory suggests
that acetazolamide could theoretically
improve lymphedema by its pharmacologic
action to enhance vascular tonicity by ele-
vating serum chloride concentration,’ which
might facilitate the drainage of excessive
interstitial lymphatic fluid into the vascular
space of venous vessels, and reduce lym-
phedema without vascular contraction.®

The newly developed glucose-lowering
drugs, sodium-glucose cotransporter-2
inhibitors (SGLT2i), have similar diuretic
effects as acetazolamide in that they have a
chloride-regaining diuretic action.”® An
SGLT2i may also improve lymphedema
through the reduction of adipose tissue
deposits in lymphedema.®!? by its metabolic
effect to reduce the body fat mass.!":2
Effects of acetazolamide and an SGLT2
inhibitor on lymphedema are unknown yet.
Here, I report a patient with type 2 diabetes
(T2DM) and acute worsening of her chronic
lymphedema, in whom treatment with
acetazolamide and an SGLT2i effectively
improved the lymphedema.

Case Report

A 94-year-old woman, treated for
T2DM, hyperlipidemia, and hypertension
for 17 years at my hospital, presented to the
emergency room due to acute worsening of
her chronic right leg lymphedema with
swelling, tightness, and dull aching. The eti-
ology of her lymphedema was considered to
be a gynecologic surgery performed when
she was young. She had not received previ-
ous treatment for her lymphedema, except
for trying the use of a compression stocking
7 years earlier, which failed to provide
relief. She had no previous episodes of heart
failure or worsening renal function. She was
being treated at the time with a daily dose of
the glucose-lowering agent vildagliptin (50
mg); a lipid-lowering agent, pravastatin (10
mg); and antihypertensive agents, efonidip-
ine (20 mg) and irbesartan (100 mg).

She was admitted to the hospital for
acute worsening of her chronic lymphede-
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ma. Table 1 shows the changes in physical
and various clinical tests before and after
the administration of acetazolamide
(Diamox 500 mg/d) during her 10-day hos-
pital stay, followed by add-on SGLT2i
(empagliflozin 10 mg/d) treatment at the
outpatient clinic. Laboratory tests included
peripheral blood and blood chemical tests,
measurement of b-type natriuretic peptide,
and DM/lipid-related tests. Changes in the
circumference of both lower legs were
measured at three fixed levels in each leg
(10 cm above and below the knee, and
around the ankle). The background use of
antihypertensive agents and the lipid-lower-
ing agent described above was kept con-
stant throughout the study period, but the
glucose-lowering drug vildagliptin was dis-
continued immediately after initiating treat-
ment with the SGLT2i empagliflozin.

At baseline (day 0; Table 1), her habitus
was 146 cm tall and weighing 64.1 kg (body
mass index of 32.2). Her blood pressure
was 152/82 mmHg, and she had a regular
heart rate 64 beats/min, temperature of
36.5°C, and oxygen saturation of 96% on
ambient air. Physical examination showed
no HF-related physical signs of neck vein
distension, extra-cardiac sounds, and pul-
monary rales, but moderate swelling of her
right leg edema with mild pitting. Unilateral
swelling in the whole right leg was apparent
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on inspection (Figure 1A), and physical
examination revealed thickened and hyper-
keratotic skin with mild pitting and normal
coloring, and without reddish skin area,
varicose veins,
Cardiac examination showed a preserved
left ventricular ejection fraction (56%) and
non-dilated diastolic volume (89 cc) on car-
diac ultrasound, with a near normal serum
b-type natriuretic peptide level (48.6
pg/mL). Ultrasound examination, including
duplex ultrasonography, revealed no
anatomic or functional abnormalities in the
inferior vena cava and venous system in the
right lower leg, including deep venous
thrombosis. Acute cellulitis was ruled out

or venous ulceration.

by the absence of an inflammatory reaction
(white blood cell count, 5.49x10° cells/uL;
C-reactive protein, 0.07 mg/dL), and by
consultation with the dermatologist at my
hospital. Thus, the etiology of the unilateral
swelling in the right leg was diagnosed as
acute worsening of chronic lymphedema.'3
The lymphedema in this patient was classi-
fied as late stage II because of the presence
of mild pitting edema and presumed excess
fat deposition in the diseased limb.!

Upon admission to the hospital, a phar-
macologic approach was used to treat the
acute worsening of her chronic lymphede-
ma. Acetazolamide was administered at a
daily dose of 500 mg to treat the acute tissue

_\epress

fluid collection in the right lymphedema-
tous limb. Ten days later (day 10, Table 1),
the patient’s body weight was markedly
reduced by 3.2 kg, pitting in the right limb
was markedly improved, and the circumfer-
ence of right limb in each level decreased
by a maximum of 12.3% at the level 10cm
below the knee, compared with baseline
(Figure 1B). Changes in the hemoglobin (—
0.2 g/dL) and hematocrit (—0.3%) values
from baseline were mild despite the marked
diuresis, indicating less vascular contrac-
tion after acetazolamide administration. The
serum chloride concentration was increased
from 105 mEq/L at baseline to 111 mEq/L
after treatment.

Table 1. Changes in physical and blood tests after drug treatment for lymphedema in the right lower limb.

A. Physical findings
Body weight (kg) 64.1 60.9 594 58.1 54.4
Body Mass Index (kg/m?) 32.2 30.6 29.9 29.2 255
Blood pressure (mmHg) 152/82 111/56 133/17 12917 114773
Heart rate (bpm) 64 60 55 76 70
B. Peripheral blood tests
Hemoglobin (g/dL) 14.2 14 143 13.9 144
Hematocrit (%) 433 43 471 4238 434
Mean red blood cell volume (fL) 85.9 87 9% 89.4 88.9
White blood cell count (x10° cells/ul) 549 5.19 4.93 5.87 4.89
C-reactive protein (mg/dL) 0.07 1.85 0.06 0.18 0.21
Albumin (g/dL) 3.8 34 34 3.1 3.3
Serum electrolytes
Sodium (mEq/L) 143 141 143 142 141
Potassium (mEq/L) 43 41 3.5 34 3.7
Chloride (mEgq/L) 105 111 112 112 111
Blood urea nitrogen (mg/dL) 14.1 279 16 13.5 15.9
Serum creatinine (mg/dL) 0.6 0.79 0.63 0.61 0.56
B-type natriuretic peptide (pg/mL) 48.6 283 54.5 — 494
HbAIC (%) .7 75 6.9 7 74
Plasma glucose (mg/dL) 162 154 134 148 152
Triglyceride (mg/dL) 140 — — 175 118
HDL cholesterol (mg/dL) 46 — — 28 31
LDL cholesterol (mg/dL) 115 — — 118 113
C. Measurement of lower limb circumference
Right lower limb
10 cm above the knee (cm) 476 432 43 414 40.5
Percent change (%) — -9.2 -9.7 -13 -149
10 cm below the knee (cm) 4 38.6 40 34.6 35.3
Percent change (%) — -12.3 =9.1 =214 -198
Ankle (cm) 29 28 28 23.7 23.2
Percent change (%) — -34 -34 -183 =20
Left lower limb
10 cm above the knee (cm) 434 42 40.3 39.5 39
Percent change (%) — -3.2 -7.1 -9 -10
10 cm below the knee (cm) 324 32.8 32 30 30.7
Percent change (%) — 1.2 -1.2 74 5.2
Ankle (cm) 228 22.6 233 214 22
Percent change (%) — 0.1 22 —6.1 3.5
D. Treatment (daily dose)
Acetazolamide Diamox 500mg
SGLT2 inhibitor Empagliflozin 10mg

Percent change = degree of change (%) from baseline.
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Her lymphedematous condition greatly
improved after the 10-day in-hospital treat-
ment, and she was therefore discharged
with continuing treatment at the outpatient
clinic. On day 11 (Table 1), treatment for
type 2 diabetes was switched from
vildagliptin to the SGLT2i empagliflozin
(10 mg/d) because of her high HbAlc level
(7.5%) and an expectation for further
improvement in the right lymphedematous
limb by the chloride-regaining diuretic
effect of empagliflozin.”® Twenty days later
(day 30, Table 1), her body weight was
slightly reduced by 1.5 kg and the pitting in
the right leg had disappeared almost com-
pletely, but the circumference of the right
limb at each level had not changed. On day
70 (Table 1), however, her body weight
decreased further by 1.3 kg, and the circum-
ference of the right limb was greatly
decreased by a maximum of 21.4% at the
level of 10 cm below the knee compared
with that at baseline (Figure 1C). Her serum
chloride concentration was preserved, and
her hemoglobin and hematocrit values were
not changed on days 30 and 70. The HbAlc
level was reduced around 7% on days 30
and 70 after treatment. As for the healthy
left limb, the circumference at each level
gradually and mildly decreased throughout
the study period by a maximum of 9% at the
level of 10 cm above the knee on day 70
compared with that at baseline, remaining
stable at 6 months (day 174) after the initia-
tion of pharmacologic treatment for acute
worsening of her chronic lymphedema
(Table 1). This case report was approved by
the ethics committee of my hospital.
Informed consent was obtained from the
patient and her family members before
study enrollment.

Discussion

To the best of my knowledge, this is the
first reported case for which a potent phar-
macologic approach with a combination of
acetazolamide and SGLT2i was used to
treat chronic or acute lymphedema. Both
acetazolamide and SGLT2i may have acute
diuretic effects for draining excess tissue
fluid in the lymphedematous limb without
vascular contraction. In addition to this
diuretic effect, the SGLT2i may have chron-
ic effects to reduce fat tissue deposits in
lymphedematous limbs.>! The possible
mechanisms of these drugs for improving
the background pathophysiologic condi-
tions in lymphedema are discussed below.

Drainage of excess tissue fluid in the
lymphedematous limb

In lymphedema, drainage of excess tissue
fluid in diseased limbs is compromised by
obstruction/disruption of the lympho-vascular
system due to primary or secondary etiolo-
gies.! The use of diuretics is not considered
effective or physiologically sound for improv-
ing lymphedema,' but this report suggests that
the use of acetazolamide and possibly SGLT2i
is useful for acute or chronic swelling of lym-
phedematous limbs because these diuretics
can drain excessive interstitial lymphatic fluid
into the vascular space without vascular con-
traction®'4!> through their pharmacologic
actions to enhance vascular tonicity.>> Such a
pharmacologic effect of draining the tissue
fluid into the vascular space may be analogous
to the effects caused by standard physical ther-
apy using manual massage, compressive
bandages, and pneumatic compression of the
lymphedematous limb.!

C)70 days after
A)Before B)10 days after il i Rineck
treatment treatment (Diamox) and SGLTZ inhibitor)

Figure 1. Serial changes in the right lower lymphedematous limb and left healthy limb at
baseline (A), after acetazolamide (Diamox) treatment (B), and after the addition of a sodi-
um-glucose cotransporter-2 inhibitor (SGLT2i) (C).
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Reduction of fat tissue deposits in
the lymphedematous limb

The most astonishing and important
finding of this case is that the SGLT2i great-
ly reduced the size of the lymphedematous
limb. Adding the SGLT2i to the initial
acetazolamide treatment was expected to
simply facilitate the decongestion of the
diseased limb. Although additional effects
of SGLT2i were not impressive at the earli-
er observation period (day 30), the size of
the lymphedematous limb was dramatically
reduced at the later observation period (day
70). Adipose tissue deposits are present in
lymphedematous limbs,>!* and surgical
liposuction effectively improves the lym-
phedematous status.”!° Accordingly, a phar-
macologic effect of SGLT2i to improve
chronic lymphedema could be expected on
the basis of the well-known metabolic effect
of SGLT2i to reduce body fat mass.!!2
Unfortunately, this potential effect of
SGLT2i was not evaluated in the present
study because the patient’s lymphedema
was not examined using a suitable imaging
modality, such as computed tomography® or
magnetic resonance imaging.'’

Conclusions

In conclusion, because the main patho-
logic constituents of lymphedema include
excess fluid accumulation in the interstitial
space' and adipose tissue deposition,”!? a
two-step pharmacologic approach of
administering acetazolamide as well as an
SGLT?2i, as reported here, could be expect-
ed to be an efficient treatment regimen for
some lymphedematous patients. In particu-
lar, SGLT2i may have yet unknown
pleiotropic effects for modulating adipose
tissue proliferation in lymphedema.®!?
Future studies are required to investigate
the indication, effects, and mechanisms of
this pharmacologic therapy for improving
lymphedema, incorporating the use of lym-
phological-specific examinations, e.g., lym-
phography, lymphoscintigraphy, or MRI
lymphangiography.!
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