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Do Sodium-Glucose Cotransporter 2 Inhibitors
Decrease the Risk of Contrast-Associated
Acute Kidney Injury in Patients with Typelll
Diabetes Mellitus?

ABSTRACT

Background: The risk of contrast-associated acute kidney injury is relatively higher in
patients with diabetes mellitus compared to non-diabetics. Recent trials have revealed
the renoprotective effects of sodium-glucose cotransporter 2 (SGLT2) inhibitors. We
aimed to investigate the possible preventive effect of SGLT2 inhibitors against contrast-
associated acute kidney injury in the diabetic population who underwent coronary angi-
ography with a diagnosis of stable angina or acute coronary syndrome.

Methods: This was a cross-sectional and single-center study. We enrolled 345 patients
with type Il diabetes mellitus who were divided into 2 groups: using an SGLT2 inhibitor
(group 1;n=133) in addition to other antidiabetic medication and not usingan SGLT2inhib-
itor (group 2; n=212). Both groups were compared in terms of contrast-associated acute
kidney injury incidence. We also compared groups for the duration of hospitalization.

Results: Baseline characteristics (age, sex, risk factors and medications) and laboratory
findings were similar between the 2 groups. The means of administered contrast volume
were also similar (160.42 (+ 70.31) mL vs. 158.72 (+ 81.24) mL, P=0.83) between groups 1
and 2, respectively. We found that contrast-associated acute kidney injury incidence
was significantly higher in group 2 compared to group 1(n=>56 (26.4%) vs. n=12 (9.0%), P
< 0.001). The duration of hospitalization was significantly longer in group 2 (3.25 (+ 2.03)
days) thanin group 1(2.54 (+1.39) days) (P=0.001).

Conclusion: We found that contrast-associated acute kidney injury was significantly
lower, and the duration of hospitalization was significantly shorter in diabetic patients
using SGLT2 inhibitors compared to non-users.
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INTRODUCTION

Contrast-associated acute kidney injury (CA-AKI) is a complication of angio-
graphic procedures using intravascular iodinated contrast media (CM). Although
CA-AKIl is often regarded as a reversible event (in approximately 80% of cases), it
portends a variety of short- and long-term adverse events, such aslonger hospital
stays and in-hospital mortality.”? Contrast-associated acute kidney injury could
also result in persistent worsening renal function or renal replacement therapy in
arange between 0.7%-7%.*> The risk of CA-AKI rises with particular baseline fac-
tors, such as preexisting renal impairment [estimated glomerular filtration rate
(eGFR) <60 mL/min/m?] and patients with renal transplant, heart failure with
reduced ejection fraction (HFrEF), anemia or procedure-related blood loss, diabe-
tes mellitus (DM), acute myocardial infarction, advanced age (>75 years), peripro-
cedural hypotension, or use of an intra-aortic balloon pump. The risk of CA-AKI
also rises with administration of a higher amount of CM.* An evidence-based
approach is required for CA-AKI prevention, including hydration, administration
of low/iso-osmolar CM, minimizing CM volume, pre-treatment with statins and
N-acetylcysteine (with hydration), discontinuation of nephrotoxic drugs (such

Copyright@Author(s) - Available online at anatoljcardiol.com.
BY _NC Content of thisjournalislicensed under a Creative Commons Attribution-NonCommercial

4.0 International License.

222 s

Official journal of the

pi| TURKISH
EF] SOCIETY OF
CARDIOLOGY

ORIGINAL INVESTIGATION

Gizem Cabuk

Kutluhan Eren Hazir

Department of Cardiology, Tepecik
Training and Research Hospital, izmir,
Turkiye

Corresponding author:
Gizem Cabuk
P4 giizemcelik@gmail.com

Received: October 21,2023
Accepted: February 01,2024
Available Online Date: March 19,2024

Cite this article as: Cabuk G, Hazir KE.
Do sodium-glucose cotransporter 2
inhibitors decrease the risk of
contrast-associated acute kidney
injury in patients with type Il diabetes
mellitus? Anatol J Cardiol.
2024;28(5):222-228.

DOI:10.14744/AnatolJCardiol.2024.3980


http://orcid.org/0000-0001-8808-7953
http://orcid.org/0000-0002-3478-4611
mailto:giizemcelik@gmail.com
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Anatol J Cardiol 2024; 28(5): 222-228

as cisplatin, amphotericin, aminoglycosides, non-steroidal
anti-inflammatory drugs) before CM exposure.®

As mentioned above, DM is accepted as a non-modifiable
risk factor for CA-AKI development, particularly in patients
with concomitant nephropathy. Diabetes itself may be the
independent cause of CA-AKI after CM exposure by means
of several mechanisms such as pronounced alterations in
glomerular filtration rate (GFR), increased renal tubular
transport and oxygen consumption, aggravation of medul-
lary hypoxia, and enhanced generation of reactive oxygen
species.®

Renoprotective effects of a new class of antidiabetic
agents—sodium-glucose cotransporter 2 (SGLT2) inhibi-
tors—have recently been demonstrated by several clinical
trials.”® Sodium-glucose cotransporter 2 inhibitors reduce
composite renal outcomes (described as doubling of serum
creatinine, development of macroalbuminuria, need for dial-
ysis, and/or transplantation or kidney death) by 40%-70% in
patients with type [ DM.”8

It is also known that patients who underwent urgent revas-
cularization procedures due to acute coronary syndrome
(ACS) have a higher risk for the development of CA-AKI
compared to patients without ACS.? Our aim was to investi-
gate the possible protective effect of SGLT2 inhibitors on the
development of CA-AKI in a high-risk population with DM
who underwent elective coronary angiography (CAG) and/
or percutaneous coronary intervention (PCl) and patients
with ACS who were treated medically or underwent PCI
after CAG.

METHODS

Study Design
This was a cross-sectional and single-center study. This
study was carried out in accordance with the conditions of
the Declaration of Helsinki and approved by our local ethi-
cal committee. Informed consent was obtained from all
participants.

Study Population

We enrolled patients with DM (type Il DM) (n=345) who had
refractory angina pectoris despite optimal medical therapy
and a diagnosis of ACS between April 2022 and February
2023. Patients withtype | DM and non-diabetic patients were
excluded. We defined 2 study groups as patients who were

HIGHLIGHTS

e We found that contrast-associated acute kidney injury
(CA-AKI) incidence was significantly lower in patients
using an sodium-glucose cotransporter 2 (SGLT2) inhibi-
tor compared to non-users.

e Another important finding of our study was the differ-
ence in duration of hospitalization in the study groups;
it was significantly shorter in patients using an SGLT2
inhibitor.

e We think this study is going to strengthen the evidence
of another renal-protective effect of SGLT2 inhibitors.
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using an SGLT2 inhibitor (empagliflozin or dapagliflozin) for
at least 6 months, confirmed by electronic medical records,
until the date of CAG (including the day of CAG) in addi-
tion to other anti-diabetic medication (group 1, n=133) and
patients not using an SGLT2 inhibitor (group 2, n=212). We
further divided these 2 groups into sub-groups: patients who
underwent elective angiography with a diagnosis of stable
angina and those who had urgent angiography due to ACS
(Figure 1). All subjects were monitored throughout their hos-
pital stay and observed for the occurrence of CA-AKI devel-
opment for up to 72 hours.

Patients with a history of HFrEF (left ventricular EF < 40%),
preprocedural eGFR <30 mL/min/m? and acute renal failure
or end-stage renal failure requiring dialysis, CM exposure
within 15 days, anemia (Hb <10g/dL), abnormal thyroid hor-
mone levels, active infectious disease (including coronavirus
disease 2019), cardiogenic shock and/or the use of an intra-
aortic balloon pump, and excessive exposure to CM (>500
mL) during percutaneous intervention were excluded from
the study. Pregnant patients, patients using nephrotoxic
drugs (e.g., amphotericin, aminoglycosides, cisplatin, non-
steroidal anti-inflammatory drugs, furosemide), or patients
who underwent repeated CAG in-hospital (due to complica-
tions such as stent thrombosis or for the purpose of complete
revascularization) and patients treated by coronary artery
bypass grafting surgery were also excluded from the study.

Laboratory Measurements

Serum creatinine levels were measured by Jaffe assay
(IDMS traceable calibration) with Beckman Coulter AU5800
(Beckman Coulter, Inc. Diagnostics Division Headquarters
250 South Kraemer Boulevard Brea, CA, USA) before angio-
graphy and after 48-72 hours. eGFR was calculated using
the Levey-modified modification of diet in renal disease
(MDRD) formula: (186.3 X serum creatinine [mg/dL]"** X age
[years]°%%% x (0.742 if female).” Contrast-associated acute
kidney injury was defined (which is widely accepted crite-
ria in the literature) by an increase in serum creatinine of
>0.5mg/dL or an absolute increase of >25% from baseline 72
hours after CM exposure.

Coronary Angiography

All coronary angiography procedures were performed via
the femoral/radial approach, and all patients received intra-
venousisotonic saline infusion (0.9% NaCl, 1.5 mL/kg/h) start-
ing at the beginning of angiography and continuing for at
least12 hours after the procedure. Patients with ST elevation
myocardialinfarction (STEMI) were immediately taken to the
catheter laboratory for PCI, while patients with non-STEMI
(NSTEMI) or unstable angina pectoris underwent coronary
angiography within 24 hours after admission according to
recommendations of recent guidelines." We used a non-
ionic and low osmolality contrast agent (Optiray® [loversol])
and administered it manually to all patients, and the amount
used was recorded at the end of each intervention.

Statistical Analysis

Statistical Package for Social Sciences 21.0 (SPSS, Chicago,
Ill, USA) was used for statistical analysis. The Kolmogorov—
Smirnov test was applied to determine the normal
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distribution of variables. Categorical variables were dem-
onstrated as number and percentage; continuous variables
were demonstrated as mean (+ SD) when normally distrib-
uted, while nonparametric variables were shown as median
and the percentiles. Categorical variables were analyzed
using the chi-square test or by Fisher's exact test, as appro-
priate. In order to minimize selection bias, we matched
patients using SGLT2 inhibitors to control subjects by per-
forming nearest neighbor propensity score matching algo-
rithm. The Student'st-testwasusedtocompare parameters
which were normally distributed, while the Mann—Whitney
U-test was used for non-normally distributed parameters.
We tested the significance of the difference in creatinine
and eGFR values before and after coronary angiography
with Wilcoxon signed-rank test for both groups and sub-
groups. Possible confounders were controlled with binary
logistic regression analysis, and we found the odds ratio of
using an SGLT2 inhibitor adjusted for the other covariates
(including confounders). All statistical testing was based on
a2-sided a=.05 significance level.

RESULTS

A total of 345 patients with type Il DM were included in this
trial. Baseline characteristics [age: 61.68 + 991 vs. 63.58 +
9.85, female: (n=50 (37.6%) vs. n=81(38.2%)), risk factors and
medications] andlaboratory findings (including baseline cre-
atinine and eGFR values) were similar between the 2 groups
(Table 1). Coronary angiography indications and the param-
eters related to the angiography procedure were shown
in Table 2. While the majority of patients in both groups
underwent percutaneous coronary intervention (108 of 133
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patients (81.2%) in group 1 vs. 171 of 212 patients [80.7%] in
group 2, P=1.00), the remaining patients were managed
medically after coronary angiography. The means of admin-
istered contrast volume were similar (158.72 + 81.24 vs.160.42
+70.3, P=.83) between groups 1and 2, respectively.

In group 1, 61 patients (45.9%) were using dapagliflozin, and
72 patients (54.1%) were using empagliflozin. We found that
CA-AKI incidence was significantly higher in group 2 com-
pared to group 1 (n=56 [26.4%] vs. n=12 [9.0%], P < .001)
(Table 3). The number of CA-AKI cases in group 2 using
empagliflozin was 7 and it was 5 for patients using dapa-
gliflozin; however, this finding could be coincidental due to
the limited number of patients and endpoints. Therefore, we
did not perform a statistical analysis for this finding, and we
could not speculate on a difference in terms of prevention
from CA-AKI between these 2 molecules.

We also analyzed creatinine and eGFR values before and
after coronary angiography for both groups. While these
2 parameters significantly changed in group 2, they did not
change significantly in group 1(Table 3).

In group 2, 3 patients died in-hospital (one of them received
dialysis) and 3 other patients needed dialysis due to contrast
nephropathy (their renal functions recovered in-hospital).
In group 1, none of the patients needed dialysis and we did
not observe any mortality. Another important finding of
our study was the difference in duration of hospitaliza-
tion between the study groups: It was significantly longer
in group 2 (3.25 + 2.03 days) than in group 1(2.54 + 1.39 days)
(P=.001) (Table 2).
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Table 1. Baseline Characteristics of Study Population

Parameter Group1(n=133) Group2(n=212) P
Age, years 61.68 (+9.91) 63.58 (+9.85) .08
Sex (female), n,% 50 (37.6) 81(38.2) 92
BMI, kg/m? 23.56 2413 77
(20.12-28.34) (20.33-29.45)
Hypertension, n,% 95(71.4) 151(71.2) 98
Glucose, mg/dL 18799 (+64.51) 200.09 (+85.23) 16
Urea, mg/dL 39.52 (+£12.27) 41.56 (£19.60) .28
Creatinine, mg/dL 1.00(0.90-1.10) 1.00(0.85-110) .06
eGFR, mL/min/1.73 m? 71.44 66.08 14
(57.04-86.22) (52.23-84.16)
Hemoglobin, g/dL 13.62 (+1.77) 13.38 (+1.44) 18
WBC, x10°/L 11.52 (+2.98) 10.33 (+3.58) .61
Platelet, x10%/uL 24993 (+72.00) 258.87 (+79.31) .29
Total cholesterol, 192.64 (£65.26) 200.22 (+71.25) .22
mg/dL
LDL, mg/dL 121.70 (+42.31) 116.21(+£4213) .26
HDL, mg/dL 41.62 (+9.46) 41.74 (£11.86) 92
Triglyceride, mg/dL 188.63 (+130.41) 174.86 (+147.68) .39
HbAlc, % 7.65(+2.47) 7.71(+2.68) 12
LVEF, % 48.38 (+£10.56)  48.42(+10.30) 96
Medications, n (%)
ACE inhibitor 61(45.9) 81(38.2) 16
ARB 23(17.3) 39(18.5) .78
Beta blocker 70 (52.6) 106 (50.0) .63
Calcium canal 23(17.3) 52 (24.5) .09
blocker
Diuretic 38(28.6) 53(25.0) 46
Statins 51(38.3) 77 (36.3) .70
Metformin 82 (61.7) 133 (62.7) 46
Insulin 39 (29.3) 67 (31.6) .65
Thiazolidinedion 14 (10.5) 25(11.8) 71
Sulfonilurea 23(17.3) 44 (20.8) .43
DPP4inh 63 (47.4) 83(49.2) 13
Dapagliflozin - 61(45.9) -
Empagliflozin - 72(547) -

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor

blocker; BMI, body mass index; DPP4, dipeptidyl-peptidase 4; eGFR,

estimated glomerular filtration rate; HbAlc, hemoglobin Alc, HDL,

high-density lipoprotein; LDL, low-density lipoprotein; LVEF, left
ventricular ejection fraction, WBC; white blood cell.

We also analyzed results separately according to CAG indi-
cation and baseline left ventricular ejection fraction (LVEF).
We found that CA-AKI incidence was similar between the
2 groups in patients who underwent elective angiography;
whereas it was significantly higher in group 2 compared to
group Tin patients with ACS (Table 4). When the results were
analyzed according to LVEF, CA-AKI incidences were higher
in group 2 compared to group 1for both patient groups with
normal baseline LV systolic functions (LVEF > 50%) and with
reduced or mildly reduced (LVEF < 50%) baseline LV sys-
tolic functions (Table 4). We also took into account all pos-
sible confounders for all subgroup analyses and compared

Table 2. Angiography Indications, Parameters Related to
Angiography, and the Duration of Hospitalization in the Study
Groups

Group 1 Group 2

(n=133) (n=212) P
Angiography indication, n (%)
Elective 27 (20.3) 44 (20.8) .88
USAP 18 (13.5) 35(16.5) .67
NSTEMI 31(23.3) 57 (26.9) 16
STEMI 57 (429) 76 (35.8) .06
PCI 108 (81.2) 171(80.7) 90
Contrast volume, mL 158.72 160.42 .83

(£81.24) (£70.31)
Duration of 3.25(+2.03) 2.54(+1.39) <.001*

hospitalization, day

*Indicates statistical significance. NSTEMI, non-ST elevated
myocardial infarction; PCI, percutaneous coronary intervention; STEMI,
ST elevated myocardial infarction; USAP, unstable angina pectoris.

Table 3. Comparison of Renal Functions and Contrast-
Associated Acute Kidney Injury Incidences of Study Groups

Creatinine (48-72

Creatinine (basal),

mg/dL hours), mg/dL P
Group 1 1.00 (0.90-1.10) 1.00 (0.90-115) .23
(n=133)
Group 2 1.00 (0.85-1.10) 115 (0.90-1.40) <.001*
(n=212)
eGFR (basal), eGFR (48-72h),
mL/min/1.73 m? mL/min/1.73 m?
Group 1 71.44 (57.04-86.22) 69.39 (61.31-77.51) 92
(n="133)
Group 2 66.08(52.23-84.16) 61.15(44.59-75.96) <.001*
(n=212)
CA-AKI, n% Group 1(n=133) Group 2 (n=212)
12 (9.0) 56 (26.4) <.001*

*Indicates statistical significance. CA-AKI, contrast-associated acute
kidney injury; eGFR, estimated glomerular filtration rate.

baseline characteristics such as age, sex, basal creatinine
and hemoglobin levels, amount of CM, left ventricular ejec-
tion fraction, hypertension, and basal eGFR. After adjust-
ment of these variables, we found the predictive value of
using an SGLT2 inhibitor for prevention of CA-AKI[OR 0.376;
(0.172-0.598, 95% Cl), P=.022] (Table 5). We also performed a
subgroup analysis for patients with eGFR <60 mL/min/1.73 m?
and eGFR >60 mL/min/1.73 m?separately. While CA-AKIlinci-
dence was significantly lower in group 1in patients with low
eGFR (2 of 36 patientsin group 1[5.6%] vs. 29 of 77 patientsin
group 2[37.7%], P < .001); P-value was equivalent to the level
of significance for patients with eGFR >60 mL/min/1.73 m?
(8 of 97 patients in group 1[8.2%] vs. 27 of 135 patients in
group 2[20.0%], P=.05).

DISCUSSION

We found that the incidence of CA-AKIlincidence was signif-
icantly lower in patients with DM using SGLT2 inhibitors than

inthose not using this medication. This finding might suggest
a new renoprotective effect of SGLT2 inhibitors, as several
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Table 4. Contrast-Associated Acute Kidney Injury Incidences
According to Coronary Angiography Indication and Baseline
Left Ventricular Ejection Fraction

Group 1 Group 2
CA-AKI CA-AKI
Incidence, n (%) Incidence, n (%) P

CAG indication
Elective 2(7.4) 9(20.5) 14
(group 1, n=27)
(group 2, n=44)
Acute coronary 10 (9.4) 47 (28.0) <0.001*
syndrome
(group 1, n=106)
(group 2,n=168)
LVEF
LVEF <50% 10 (16.7) 33(35.5) 0.01*
(group 1, n=60)
(group 2, n=93)
LVEF >50% 2(2.7) 23(19.3) 0.001*

(group 1, n=73)
(group 2,n=119)

*Indicates statistical significance. CAG, coronary angiography;
CA-AKI, contrast-associated acute kidney injury; LVEF, left ventricular
ejection fraction.

recent trials have revealed. The renoprotective effects such
as renal outcomes of SGLT2 inhibitors have already been
demonstrated in patients with heart failure, DM (+ nephrop-
athy), or coronary heart disease by recent randomized con-
trolled trials.™

Growing evidence indicating favorable cardiovascular and
renal outcomes with SGLT2 inhibitors has sparked particular
interest among scientists. Multifactorial mechanisms have
been described in the literature to explain the renal protec-
tive effects of SGLT2 inhibitors: (a) reducing proximal tubular
sodium reabsorption, thereby increasing distal sodium deliv-
ery to the macula densa which activates tubulo-glomerular
feedback and leads to efferent arteriolar vasodilation and
decreasing glomerular hyperfiltration; (b) it is a well-known
fact that the reabsorption of electrolyte and organic solutes

Table 5. Binary Logistic Regression Analysis Results

95% CIOR

Variables OR Lower Upper P
Age 1.050 1.013 1.088 .008*
Sex 0.782 0.544 1.023 .060
Basal creatinine 0.871 0.71 1.23 .071
Basal eGFR 1.040 1.002 1.079 .039*
Hemoglobin 1.270 1.027 1.571 .026*
Amount of CM 1.006 1.002 1.0M .002*
LVEF 0.963 0.936 0.991 .010*
Hypertension 1.050 1.013 1.088 .008
Using an SGLT2inhibitor  0.376 0172 0.598 .022*

*Indicates statistical significance.

CM, contrast medium; eGFR, estimated glomerular filtration rate;
LVEF, left ventricular ejection fraction; OR, odds ratio, SGLT2;
sodium-glucose cotransporter 2.
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in the proximal tubule requires much energy.™® Therefore,
the proximal tubule is responsible for the largest amount
of oxygen consumption in the kidney. Because of increased
SGLT-2 expression in patients with DM, glucose and sodium
reabsorption increase as well as the oxygen demand of
tubular cells. Therefore, the proximal tubule is susceptible
to hypoxia in patients with DM. Sodium-glucose cotrans-
porter 2 inhibition reduces sodium and glucose reabsorption
in the proximal tubule, thereby reducing the workload for
proximal tubular cells as well as hypoxia. These could lead
to improved tubular cell structural integrity and function, c)
Other effects of SGLT2 inhibitors such as reducing arterial
stiffness and serum uric acid levels, regulating the systemic
and renal neurohormonal systems, anti-inflammatory, anti-
fibrotic effects, and reducing oxidative stress may also slow
down the progression of renal disease.”*

Several pathogenetic factors have been found to be related
to the development of CA-AKI. These include increased
secretion of vasoactive amines (such as angiotensin, endo-
thelin, etc.) after contrast exposure, which may be respon-
sible for reduced nitric oxide synthesis, enhanced oxidative
stress, and the secretion of proinflammatory cytokines.
Interstitial inflammation due to complementary system
activation and tubular obstruction have been proposed as
underlying mechanisms for the development of CA-AKI.®
Furthermore, the upregulation of SGLT2 in the proximal
renal tubules due to hyperglycemia and hyperinsulinemia is
well-known in patients with DM. Enhanced action of SGLT2
has been found to be linked to enhanced oxidative stress,
mitochondrial dysfunction, and inflammation even without
hyperglisemia.?* Therefore, these deleterious effects, which
may contribute to the development of CA-AKI, could be
mitigated by SGLT2 inhibitors. We enrolled patients who had
been using an SGLT2 inhibitor for at least 6 months (exclud-
ing patients who started usingan SGLT2 inhibitorin the last 6
months) because it was shown that these agents may exhibit
beneficial renoprotective effects after a 6-month period.
This was done in order to avoid the GFR decreasing effect of
SGLT2inhibitorsin the first days of starting the drug.®

Some preventive strategies have been studied to avoid the
development of CA-AKI, such as volume expansion with oral
and/or intravenous isotonic saline, N-acetylcysteine +iso-
tonic saline, statins, reducing the amount of CM, and using
low/iso-osmolar contrast agents. In our study groups, all
patients were given intravenous saline infusion as a standard
protocol of our institution, and there were no statistically
significant differences in terms of statin use and amount/
type of CM between the 2 groups. The factors affecting the
risk of CA-AKI, such as heart failure, advanced age, hypo-
tension, and baseline eGFR, were also similar between the
study groups (Table 1Tand 2). Therefore, we could analyze the
independent effect of SGLT2 inhibitors on the prevention of
CA-AKI.

Another important finding of our study was the shorter hos-
pital stay in patients using SGLT2 inhibitors due to a lower
incidence of CA-AKI. This finding might be speculated as a
cost-effectiveness of this medication in patients with DM
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and ACS. However, this should be studied prospectively
in a larger population to claim that kind of cost-effective
benefit.

While CA-AKI incidence was significantly lower in group 1in
patients with ACS, CA-AKIl incidences were similar between
groups in patients who underwent elective angiography.
This finding might be due to the limited number of events in
the stable angina subgroup (Table 4). Several factors may
be responsible for kidney protection with SGLT2 inhibitors.
Firstly, SGLT2 inhibition increases nitric oxide—dependent
vasodilation, reducing ischemia—reperfusion injury, which
could protect against AKI.?® Other reported beneficial
effects include suppression of kidney fibrosis, decreased
peritubular hemorrhage and fibrosis, reduced hypoxia, and
increased renal vascular endothelial growth factor A expres-
sion in response to ischemia—reperfusion injury, which could
preserveintrarenal perfusion and attenuateischemicinjury.?’

There are limited data investigating SGLT2 inhibitors in
CA-AKI prevention; nevertheless, in a propensity match
analysis, it was shown that SGLT2 inhibitor usage was found
to be an independent protective factor for the occurrence
of CA-AKI in patients with DM who had undergone elec-
tive CAG.?® In a recent multicenter registry, it was shown in
a cohort with ACS that the rate of CA-AKI was significantly
lower in patients with DM who were using an SGLT2 inhibitor
compared to non-users.? This trial was published while we
were analyzing our findings, and we found similar results. We
also analyzed the duration of hospitalization in addition to
their findings. In a retrospective study, they also found that
the use of SGLT2 inhibitors significantly reduced the risk of
CA-AKI [odds ratio (OR): 0.41, 95% Cl: 0142—0.966, P=.004]
in patients with non-ST elevation myocardial infarction.*°
The most likely mechanism leading to CA-AKI is a sus-
tained reductionin renal plasma flow, especially to the outer
medulla.?'SGLT2 inhibitors cause natriuresis, glycosuria, and
subsequently diuresis.®? These effects may help clear CM,
decrease the concentration of CM in the tubule lumen and
vasa recta, and counteract the activation of neurohormonal
systems that lead to medullary vasoconstriction.®® While
SGLT2 inhibitors may intensify outer medullary hypoxia by
enhancing solute delivery for distal tubular reabsorption, one
may speculate that perhaps chronic sub-lethal intensifica-
tion of medullary hypoxia might provide hypoxia-tolerance
during an acute hypoxic insult (ischemia-preconditioning).?*
However, this hypothesis needs further investigation and is
beyond the scope of this paper.

Study Limitations

Although we showed that SGLT2 inhibitors might decrease
the incidence of CA-AKI, our study had some limitations.
Due to the cross-sectional design of our study, we could not
investigate the prognostic value of SGLT2 inhibitors in this
particular population. We had a relatively small sample size
and a limited number of events (CA-AKI) due to being a sin-
gle-center study. We could not include patients using cana-
gliflozin because it has not been refunded in our country yet;
therefore, our findings might not be generalized to all types
of SGLT2 inhibitors. Lastly, we did not measure BNP levels
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and look for microalbuminuria in our study groups; as a mat-
ter of fact, Yildiz et al** found that brain natriuretic peptide
(BNP) levels and the absence/presence of microalbuminuria
were not related to the risk of CA-AKI in patients with ACS
who underwent coronary angiography.

CONCLUSION

We found thatin a high-risk patient population who had type
Il DM, CA-AKIincidence was lower and duration of hospital-
ization was shorter in patients using SGLT2 inhibitors in addi-
tion to other anti-diabetic therapy compared to non-users.
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