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TO THE EDITOR
Canagliflozin Improves
the Recovery of Blood
Flow in an Experimental
Model of Severe
Limb Ischemia
Canagliflozin, a sodium-glucose cotransporter 2
inhibitor (SGLT2i), was shown to reduce major
adverse cardiovascular events in the recent CANVAS
(CANagliflozin cardioVascular Assessment Study)
program (1). Canagliflozin treatment was, however,
also associated with a significant increase in the risk
of lower limb amputations (hazard ratio [HR]: 1.97;
95% confidence interval [CI]: 1.41 to 2.75), with the
majority occurring at the toe or transmetatarsal level.
The strongest determinants of amputation risk were a
history of prior amputation (HR: 20.9; 95% CI: 14.2 to
30.8) and the presence of peripheral artery disease at
baseline (HR: 3.1; 95% CI: 2.2 to 4.5). The U.S. Food
and Drug Administration subsequently issued a label
warning for amputations that is specific to canagli-
flozin. Notably, although a recently published anal-
ysis using data from the U.S. Department of Defense
Military Health System reported a signal for a higher
risk of below-knee lower-extremity amputations with
SGLT2i (2), another large-scale cardiovascular
outcome trial that evaluated the SGLT2i empagli-
flozin observed no signal for amputations, even
among participants with a history of peripheral artery
disease (3). Although it has been widely speculated
that the increased risk of amputation with canagli-
flozin may be attributed to changes in limb blood flow
that are exaggerated in the setting of peripheral
artery disease, there are no mechanistic and/or
preclinical insights in this regard. Accordingly, we
evaluated the impact of canagliflozin on blood flow
recovery in a murine surrogate model of severe limb
ischemia induced by unilateral femoral artery
ligation and excision (FAL).

To assess the capacity for vascular regeneration
duringhindlimbischemia,canagliflozin (10mg/kg/day;
n ¼ 7) or vehicle control (n ¼ 8) was administered to
nonobese diabetic/severe combined immunodefi-
cient (NOD/SCID) mice via oral gavage daily for
28 days. On day 7, ligation and excision of a 3- to
5-mm segment of the femoral artery just proximal to
the superficial caudal epigastric artery branch was
performed as previously described (4,5), and laser
Doppler perfusion imaging was performed weekly
from days 7 through 28. Studies were approved by
the Animal Care Committee at Western University,
London, Ontario, Canada. Although this model does
not assess chronic limb ischemia as a result of pro-
gressive and pervasive atherosclerosis, FAL surgery
is a widely accepted model for the induction of acute
and severe limb ischemia (4). Surprisingly,
canagliflozin-treated mice demonstrated accelerated
perfusion recovery compared with vehicle-treated
mice (Figures 1A and 1B). Indeed, perfusion ratios in
canagliflozin-treated mice were consistently
increased at day 28 (p ¼ 0.011) compared with the
vehicle-treated cohort (Figure 1B). Canagliflozin
treatment was also associated with modest hemo-
concentration compared with control treatment
(hematocrit: 44.3�2.2% for vehicle [n¼4], 49.3�3.7%
for canagliflozin [n ¼ 5]; p ¼ 0.22). Finally, capillary
density quantification was performed on frozen
adductor muscle sections using a rat antimouse
CD31 antibody using peroxidase-labeled antirat
secondary antibody and visualized with 3,3ʹ-dia-
minobenzidine. CD31þ cells/mm2 were enumerated in
a blinded fashion from 4 fields/section � 3 sections
(Figure 1C). Importantly, CD31 is expressed primarily
on endothelial cells and is used as a strong marker
to label newly formed capillaries in the ischemic
region, where increased CD31þ cell capillary density
correlates directly with the recovery of tissue perfu-
sion after FAL surgery. Consistent with the recovery of
perfusion by laser Doppler perfusion imaging,
canagliflozin-treated mice showed significantly
increased capillary density in the ischemic limb
compared with vehicle control mice, which
was potentially mediated by enhanced activation of
both arteriogenic and angiogenic mechanisms
(Figure 1D).

Collectively, and contrary to our hypothesis that
canagliflozin treatment would delay the recovery of
perfusion after FAL surgery, these data suggest that
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FIGURE 1 Canagliflozin-Administration Accelerated Perfusion Recovery Following Unilateral Femoral Artery Ligation

Canagliflozin (n ¼ 7) or vehicle (n ¼ 8) were administered by oral gavage daily for 28 days. On day 7, unilateral femoral artery ligation and

excision surgery was performed. The recovery of perfusion was measured every week for 3 weeks by laser Doppler perfusion imaging.

(A and B) Canagliflozin-treated mice showed significantly increased perfusion ratios (white text) on day 28 compared with vehicle control

mice. (C) Representative photomicrographs of CD31þ cells marking capillaries within ischemic limbs administered Canagliflozin or vehicle

control mice. (D) Canagliflozin-treated mice showed increased capillary density in the ischemic muscle compared with vehicle-treated mice.

Data are shown as mean � SEM (*p < 0.05 by nonparametric Mann-Whitney U test).
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canagliflozin administration did not impair the
efficiency of endogenous vascular recovery. There-
fore, in this preclinical model, the cellular and
molecular machinery that mediate vascular remod-
eling via endogenous angiogenic processes were not
impaired and were possibly heightened during
canagliflozin treatment. Thus, the results described
herein suggest that the increased risk of amputation
reported with canagliflozin in the clinical setting
may not be related to changes in limb blood flow
induced by hemoconcentration. Follow-up preclini-
cal studies are warranted using alternate hindlimb
ischemia models to fully assess the potential effect
of canagliflozin on peripheral artery disease.
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