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Metformin and CI-AKI Risk in STEMI: Evaluation
Using Propensity Score Weighting Method

STEMI'da Metformin ve CI-AKI Riski: Propensity Skor
Agirlklandirma Yontemi Kullanilarak Degerlendirilmesi

ABSTRACT

Objective: Discontinuation of metformin therapy is a frequent clinical practice to reduce the
risk of contrast-induced acute kidney injury (CI-AKI) in diabetic ST-segment elevation myo-
cardial infarction patients using metformin. There is insufficient evidence in the literature to
support this approach. The aim of this study is to determine whether the risk of contrast-
induced acute kidney injury is different in diabetic ST-segment elevation myocardial infarction
patients using metformin compared to those not taking metformin.

Methods: The study population consisted of patients with ST-segment elevation myocardial
infarction admitted to the centers that participated in this study between 2014 and 2019 and
underwent primary percutaneous intervention. Diabetic patients (n = 343) that met the study
inclusion criteria were divided into 2 groups as who have been receiving metformin and who
have not. Patients' creatinine values on admission and peak creatinine values were compared
in order to determine whether they have developed contrast-induced acute kidney injury. The
2 groups were compared using conditional logistic regression analysis conducted with the
inverse probability weighting method.

Results: Non-weighted classic multivariable logistic regression analysis revealed that metfor-
min use was not associated with acute kidney injury. Weighted conditional multivariable logis-
tic regression revealed that the increase in the risk of acute kidney injury was associated with
baseline creatinine levels [odds ratio: 1.49 (1.06-2.10; 95% CI) P=.02] and that the increase
in the risk of contrast-induced acute kidney injury was not associated with metformin usage
[odds ratio: 0.92 (0.57-1.50, 95% Cl) P=.74].

Conclusion: No statistically significant difference was found between the metformin and non-
metformin users among the diabetic ST-segment elevation myocardial infarction patients who
underwent primary percutaneous intervention in the risk of contrast-induced acute kidney injury.

Keywords: Contrast nephropathy, contrast-induced acute kidney injury, metformin,
ST-segment elevation myocardial infarction

OzET

Giris: Metformin kullanan diyabetik STEMI hastalarinda kontrasta bagli akut bdébrek hasari
(CI-AKI) riskini azaltmak igin metformin tedavisinin kesilmesi klinik pratikte siklikla kullanilan bir
yaklasimdir. Literatlrde bu yaklasimi destekleyecek yeterli kanit yoktur. Bu galismanin amaci,
metformin kullanan diyabetik STEMI hastalarinda metformin kullanmayanlara gére CI-AKI
riskinin farkli olup olmadigini belirlemektir.

Yontemler: Arastirmanin evrenini 2014-2019 yillan arasinda bu galismaya dahil olan
merkezlerimize STEMI tanisi ile basvuran ve pPCl uygulanan hastalar olusturmustur. Dahil
edilme kriterlerini karsilayan 343 diabetik hasta, metformin alanlar ve almayanlar olarak iki
gruba aynlmistir. CI-AKI gelistirip gelistirmediklerini belirlemek icin hastalann bagvurudaki
kreatinin degerleri ile pik kreatinin degerleri karsilastirildi. Iki grup, ‘inverse probability weighting’
yontemiyle yUrtilen kosullu lojistik regresyon analizi kullanilarak karsilastirildi.

Bulgular: Agirliksiz klasik cok degiskenli lojistik regresyon analizi, metformin kullaniminin AKI
ile iliskili olmadigini ortaya koydu. Agirlikli kosullu cok degiskenli lojistik regresyon, AKI riskindeki
artisin baslangig kreatinin seviyeleriyle iligkili oldugunu (OR: 1,49 [1,06-2,0 GA; %95]; P=,02)
ve CI-AKI riskindeki artigin metformin kullanimi ile iliskili olmadigini gésterdi (OR: 0,92 [0,57-
1,50, GA: %95; P=,74]).

Sonug: pPCl yapilan diyabetik STEMI hastalarinda CI-AKI riskinde metformin kullanan ve
kullanmayanlar arasinda istatistiksel olarak anlamU fark bulunmadi.

Anahtar Kelimeler: Kontrast nefropati, kontrasta bagli akut bobrek hasari, metformin, ST
ylkselmeli miyokard infarktsd
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T-segment elevation myocardial infarction (STEMI) is one of

the leading causes of death worldwide and requires urgent
administration of reperfusion therapy.’ Diabetic patients con-
stitute a significant portion of STEMI patients, and the risk of
contrast nephropathy in diabetic patients who are to undergo
primary percutaneous intervention (pPCl) poses a serious prob-
lem. The risk of contrast-induced acute kidney injury (CI-AKI)
following pPCl in STEMI patients ranges from 6.4% to 27.7%.2
and it is known that cardiovascular morbidity and mortality risk
increase in patients who develop CI-AKI.? In addition, CI-AKI
may cause long-term loss of renal function.*®

Type 2 diabetes mellitus (T2DM) is a major risk factor for cor-
onary artery disease (CAD) and acute coronary syndrome.®
Metformin is the most commonly used oral antidiabetic agent
in patients with T2DM since it effectively reduces cardiovas-
cular mortality. In parallel, approximately one-third of diabetic
patients receive metformin therapy.”® Metformin stabilizes the
blood glucose level by reducing insulin resistance as well as
hepatic glycogenolysis and gluconeogenesis.® Contrast media
(CM) administered during pPCl may increase the risk of Cl-AKI
in STEMI patients. It has also been claimed that metformin may
increase the risk of acute renal failure in diabetic patients using
metformin by reducing gluconeogenesis and causing lactic acid
accumulation as a result.'® Metformin, which is largely (90%)
excreted by the kidney,"" does not have a direct nephrotoxic
effect.” Nevertheless, the risk of nephropathy and lactic acidosis
observed in association with its precursor, that is, phenformin,
has raised the suspicion that metformin may also be associ-
ated with an increased risk of contrast nephropathy. In parallel,
despite the lack of general consensus and insufficient evidence in
that regard, discontinuation of metformin treatment before pPClI
and during hospitalization has become a routine practice with a
view to reducing the risk of metformin-induced lactic acidosis
(MALA) and CI-AKI.®

It remains unclear whether metformin treatment should be con-
tinued in patients who are to undergo pPCl, and there is also no
clear recommendation in current guidelines in that regard.®™ In
addition, it is known that the risk of CI-AKI is higher in STEMI
patients who require urgent pPCl compared to other STEMI

ABBREVIATIONS

ACE Angiotensin-converting enzyme

ARB Angiotensin Il receptor blocker

CAG Coronary angiography

CAD Coronary artery disease

CI-AKI Contrast-induced acute kidney

CIN Contrast-induced nephropathy

M Contrast media

CRP C-reactive protein

DM Diabetes mellitus

GFR Glomerular filtration rate

HT Hypertension

IA Intra-arteriel

IPW Inverse probability weighting

1\ Intravenous

LVEF Left ventricular ejection fraction

MALA Metformin-induced lactic acidosis

pPCI Primary percutaneous intervention injury
STEMI ST-segment elevation myocardial infarction
TIMI Thrombolysis in myocardial infarction
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patients who are to be administered CM intravenously.’® A few
studies involving only a limited number of patients have addressed
the renal effects of metformin in patients with STEMI who under-
went pPCl, but these studies did not employ weighted methods
based on the patients' metformin use at admission, which may
cause bias. In view of the foregoing, the aim of this study is to
evaluate the effect of chronic metformin treatment on the risk of
contrast nephropathy following pPCl in diabetic STEMI patients.

Methods

Study Group

The population of the study consisted of patients who applied to
the healthcare centers covered by this study with the diagnosis
of STEMI and underwent pPCl between 2014 and 2019. These
3069 patients were reviewed retrospectively, and 343 diabetic
patients met the study inclusion criteria. Due to finding a non-
biased estimate, we only included diabetic patients. The study
group was further divided into 2 groups as the group of patients
who have been receiving metformin and the group of patients
who have not. The Median age of the study group was 61 years.
Twenty-nine percent of the patients included in the study group
were female.

Study inclusion criteria were determined as having diabetes, hav-
ing presented to the hospital with the complaint of chest pain in
the first 12 hours of the onset of chest pain, having ST elevation
of at least 1 mm (2 mm for V1-V3) in 2 or more adjacent leads,
or having new-onset left bundle branch block.®

On the other hand, study exclusion criteria were determined as
having signs of active infection, active malignancy, and severe renal
failure [glomerular filtration rate (GFR) <30 mL/min/1.73 m?]
at admission or having been treated with hemodialysis.

Patients' baseline demographic and clinical characteristics includ-
ing their diabetes mellitus (DM), hypertension (HT), dyslipid-
emia, smoking, and CAD history were obtained from the hospital
records. All patients included in the study were performed elec-
trocardiography on admission, immediately after the pPCl proce-
dure, 60 minutes after the pPCl procedure, and daily thereafter.

The blood samples of the patients were taken via the antecubital
vein at admission and before the administration of any heparin
therapy or reperfusion procedure. Complete blood cell counts
and plasma levels including blood glucose, serum albumin, uric
acid and creatinine levels, and hemogram and lipid profile were
determined for all the patients. C-reactive protein (CRP) levels
were measured using a Beckman Coulter's nephelometry ana-
lyzer. Characteristic data were collected during hospitalization.
The clinical presentation including the heart rate and the Killip
class was assessed upon admission by the attending physician.
Routine biochemistry tests and creatinine measurements were
completed in the first 24 hours of admission and repeated every
24 hours thereafter.

Outcome variable: Contrast-induced acute kidney injury’”

Definitions

Contrast-induced acute kidney injury was defined as hav-
ing an increase of 0.5 mg/dL in plasma creatinine levels or a
25% increase in basal creatinine levels within 72 hours after
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the completion of the pPCl procedure in accordance with
the European Society of Urogenital Radiology recommenda-
tions.'®1° Taking into consideration the urgency of perform-
ing the pPCl procedure, metformin treatment was not stopped
prior to pPCl but was usually discontinued after the comple-
tion of the pPCl procedure. Subsequently, blood glucose lev-
els were controlled in accordance with the current consensus
statement.?

All patients were performed postprocedural transthoracic echo-
cardiography (Vivid 5 or Vivid 7; GE Vingmed Ultrasound AS,
Horten, Norway) during hospitalization. The left ventricular ejec-
tion fraction (LVEF) was calculated using the biplane Simpson
method.

Thrombolysis in myocardial infarction (TIMI) was defined as hav-
ing the number of cine-frames needed for contrast to reach the
standardized distal landmarks of coronary arteries.?’

The amount of opaque used was divided by the weight of the
patient, and the body weight-adapted contract media value was
obtained in mL/kg.

Diseased vessel number was defined as the presence of a greater
than 50% diameter stenosis in major epicardial arteries.

Angiographic Analyses

The coronary angiography (CAG) was performed using a Siemens
Artis floor angiography device. All patients underwent pPCl pro-
cedure for culprit lesion. Coronary interventions were performed
in accordance with the current guidelines.®?2 All patients were
given 300 mg chewable aspirin and a loading dose of 600 mg
clopidogrel on admission and 70 U/kg standard heparin before
the procedure. All pPCl procedures were performed by experi-
enced interventional cardiologists using a femoral approach. The
patients were subjected to direct stenting, conventional stent-
ing, or only balloon dilation depending on the coronary anatomy
and lesion characteristics. After the pPCl, patients were given
100 mg/day aspirin and 75 mg/day clopidogrel or ticagrelor or
prasugrel. This study was conducted in accordance with the
Declaration of Helsinki. The study was approved by the Kartal
Kosuyolu Yiiksek ihtisas Egitim ve Arastirma Hastanesi (2020/
KK/141).

Statistical Analyses

Continuous research data were expressed as mean and standard
deviation values, whereas the categorical data were expressed
as absolute and percentage values. Independent samples t-test
and Mann-Whitney U test were used for the comparisons of
independent continuous data groups, and Pearson"s chi-squared
or Fisher"s exact test was used used for the comparisons of cat-
egorical data groups. Crude univariate and adjusted multivari-
ate regression analyses were used to determine the independent
predictors of the dependent (CI-AKI) variable. We have inputed
continuous predictor variable with lower than 10% and cathe-
goric variable lower than 5% using "Hmisc r package” with "areg"
function.

Statistical Modelling
Inverse probability weighting (IPW) methods are used to
decrease bias. Accordingly, in this study, IPW methods were
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used to adjust for confounders. The following covariates of
age, gender, hemoglobin A1lc (HbA1c), admission creatinine,
hypertension (HT), and previous myocardial infarction (MI) were
selected based on prior studies as the outcome condition in the
logistic regression model for metformin and the medications
used, that is, angiotensin-converting enzyme (ACE)/angioten-
sin Il receptor blocker (ARB) inhibitors and statin, were taken
into account in the model.?2* The probabilities estimated by
the model were used to calculate stabilized IPW weights, which
were then used to weigh each individual's contribution to the
AKI and the logistic regression model. The model was adjusted
to the plausible confounders, that is, age, creatinine, HbAlc,
spontaneous bacterial peritonitis, hemoglobin, body weight-
adapted CM, and metformin usage (double robust method).
Model's coefficient was represented using odds ratio (OR), and
Cl was taken as 95%."

For all statistical analyses, 2-tailed probability (P) values less than
.05 were deemed to indicate statistical significance. All statistical
analyses were performed using R 4.01 software (Vienna, Austria)
with “ipw," "ggplot,” "rms" packages.

Results

The median age of the patients included in the study was 61
(min. 54, max. 72) years (IQR: 25th-75th). Of the 343 patients,
100 (29.1%) were female. Patients were divided into 2 groups
according to whether they have been using metformin or not.
The baseline characteristics of patients that have and have not
been using metformin are shown in Table 1. There was sta-
tistically significant difference between the groups in terms
of HT presence [133 (68.2%) vs. 85 (57.4%), P =.04], basal
creatinine levels [1.03 (0.50) vs. 1.01 (0.74), P <.001], ACE/
ARB usage [48 (24.6%) vs. 64 (43.2%), P <.001], antiagre-
gan usage [39 (20%) vs. 56 (37.8%), P <.001], beta-blocker
usage [39 (20%) vs. 48 (32.4%), P <.001], and statin usage
[26 (13.3%) vs. 44 (29.7%). P <.001]. On the other hand,
no statistically significant difference was found between the
groups in terms of age, gender, systolic blood pressure, dia-
stolic blood pressure, and smoking status. Additionally, there
was no significant difference between the groups in terms of
the following laboratory findings of albumin, CRP, triglyceride,
total cholesterol, lymphocyte count, glucose, uric acid, neu-
trophil and hemoglobin, low-density lipoprotein, and platelet
count. There was no significant difference between the groups
also in terms of LVEF, body weight-adapted CM, body mass
index, Killip classification, and in-hospital mortality (Table 1).
Study inclusion criteria are presented in Figure 1 in the consort
flowchart.

The comparison of the clinical and procedural characteristics of
the patients is given in Table 2. Accordingly, CI-AKI, CHA,DS,-
VASc [congestive heart failure, HT, age >75 years (doubled),
DM, prior stroke or transient ischemic attack or thromboem-
bolism (doubled), vascular disease, age 65-74 years, sex cat-
egory] score, no-reflow, TIMI score, diuretic usage at admission,
multivessel PCl, in-hospital hemofiltration or dialysis, previous
MI, disease vessel number, and IPW score were similar between
the groups (Table 2). On the other hand, no-reflow was found
to be higher in the group of patients who have not been using
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Table 1. Baseline Clinical and Laboratory Variables Comparison
Between Users or Non-users of Metformin

Metformin— Metformin+
Variables (n=195) (n=148) P
Age (years) 63.7(12.5)  613(11.9) .06
Gender (n, %) (female)  58,29.7 % 42, 28.4% 78
HT (n, %) 133, 68.2% 85,57.4% .040
Systolic blood pressure 131.6 (30.5)  139.2 (34.1) 87
(mm Hg)
Diastolic blood pressure  77.5(16.3) 78.6 (16.8) .55
(mm Hg)
Smoking (n, %) 122, 62.6% 85,57.4% .336
Glucose (mg/dL) 170.3 (116) 177 (97) .56
Creatinine (mg/dL) 1.03 (0.50) 1.01(0.74) <.001
Uric acid (mg/dL) 6.4(1.9) 6.0 (1.7) .06
Albumin (g/L) 3.72 (0.42) 3.73 (0.36) .88
CRP (mg/L) 0.8(0.4-29) 0.6(0.3-1.6) .05
Triglyceride (mg/dL) 142 (99-200) 152 (105-201) .38
LDL (mg/dL) 114 (36) 117 (38) 48
Total cholesterol 180 (49) 185 (47) 40
(mg/dL)
Neutrophile (x103/pL) 9.58 (5.16) 9.09 (4.32) 35
Lymphocyte (x103/pL) 1.82(1.0) 2.01(1.1) 10
Hemoglobin (g/dL) 13.3(2.0) 13.7 (2.0) 14
Platelet (per cubic mm?) 237 (66) 246 (75) 27
EF% 44.5 (11.3) 43.6 (11.2) A7
Body weight-adapted 1.76 (1.02) 1.80 (1.1) .69
contrast agent (mL/kg)
BMI (kg/m?) 28.9 (4.6) 29.5 (5.6) .29
Killip class | 175 (89.7) 120 (81.1) A2
I 6 (3.1) 6 (4.1)
1l 8 (4.1) 11(7.4)
\Y 6 (3.1) 11(7.4)
In-hospital mortality 23,11.8% 20, 13.5% .63
(n, %)
ACE/ARB (n, %) 48,24.6 % 64,43.2% <.001
Antiplatelet usage 39,20 % 56, 37.8% <.001
(n, %)
Beta blocker (n, %) 39,20 % 48,32.4%  <.001
Statin (n, %) 26,133 % 44, 29.7% <.001

CRP, C-reactive protein; LDL, low-density cholesterol; EF, ejection fraction;
BMI, body mass index; ACE, angiotensin-converting enzyme inhibitors;
ARB, angiotensin receptor blocker; smoking, active and ex-smoker.

metformin [22 (11.3%) vs. 7 (4.8%); P=.03]. Stabilized weight-
ing density plot between the groups of patients who have and
have not been using metformin is shown in Figure 2.

Non-weighted classic multivariable logistic regression analysis
revealed that metformin use was not associated with AKI [OR:
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Patients admitted with the diagnosis of STEMI between 2014-2019 were screened.

(n=3069)

Non diabetic patients exluded
(n=2680)

Diabetic patient selected
(n=389)

Contrast exposure last one week,
Missing data,
Active serious infection,
End stage renal failure (Grade IV -V),
excluded

included study
(n: 343)

Metformin (-) Metformin (+)

(n=148)

(n=195)

Figure 1. Consort flow diagram for inclusion to the study.

0.91 (0.56-1.49, 95% Cl); P=.75] (Table 3). On the other hand,
weighted conditional multivariable logistic regression revealed
that the increase in the risk of AKI was associated with base-
line creatinine levels [OR: 1.49 (1.06-2.10, 95% Cl); P=.02]
and that the increase in the risk of CI-AKIl was not associated
with metformin usage [OR: 0.92 (0.57-1.50, 95% Cl; P=.74]
or hemoglobin levels [OR: 1.01 (0.89-1.20, 95% Cl; P=.92]
(Table 4). The adjusted variable plot indicated the association
between baseline creatinine and metformin on AKI as demon-
strated in Figure 3.

Discussion

The findings of this study revealed that the increase in the
risk of AKI was associated with baseline creatinine levels (OR:
1.49, 1.06-2.10, 95% CI) but not with metformin usage (OR:
0.92, 0.57-1.50, 95% Cl) in diabetic patients who were admit-
ted to the healthcare centers with the diagnosis of STEMI and
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Table 2. Clinical and Procedural Charecteristics of Patients

Table 3. Non-weighted Classic Multivariable Logistic
Regression Analysis

Metformin—  Metformin+

Variables (n=195) (n=148) P Variables Odds Ratio  95% ClI P
CHADS VASc 2.96 (1.44) 2.67 (1.41) .06 Age (years) 1.00 0.98-1.02 .66
CI-AKI (n, %) 58,29.7% 43,29.1% .89 Admission creatinine (mg/dL) 1.56 1.06-2.29 .02
No reflow (n, %) 22,11.3% 7.48 % .03 Body weight-adapted contrast 0.83 0.65-1.05 .12
TIMI admission O 145,744%  100,68% .39  29ent(ml/kg)

] 17.8.7% 11.7.5% HgAlc (%) 1.09 0.98-1.22 .13
> 15 7.7% 16. 10.9% Hemoglobin (g/dL) 1.02 0.90-1.15 .74
3 18.9.2% 20 13.6% Admission systolic blood 1.00 0.99-1.01 .69

. L pressure (mm Hg)
i HS i i [0) [0)

E:;;Zg(f\d%s'o” diuretic  20.10.3%  14.95% B2 \1otformin usage yes/no 091  0.56-1.49 .75
Multivessel PCI (n, %) 6(3.2) 11,7.8% 14 : . cormi - cormi i
In-hospital hemofitration 3. 1.5% 1.0.7% 63 been using mgt ormin or not, that is, metformin usage did not
or dialysis (n, %) increase the risk of CI-AKI.
Previous MI (n, %) 41,21% 28.189% .63 Metformin was first synthesized in 1922 and has been in use

. for nearly 60 years in order to control hyperglycemia in patients
E);scyeoassg ;if?g&v?lz?izr) 49 with T2DM.2> Metformin is excreted by the kidneys as it is, most

: likely through both glomerular filtration and tubular excretion.
1 96 (49.3) 73 (49.3) Approximately, 90% of the absorbed metformin is eliminated
2 63 (32,3) 42 (28.4) through the renal route within the first 24 hours. Metformin is
3 36 (18.5) 33(22.3) contraindicated in patients with estimated glomerular filtration
- rate (eGFR) of less than 30 mL/min.?®

Inverse probability 1.0 (0.16) 0.99 (0.20) .88

weighting score

CHADS VASc, CHADS VASc score; CI-AKI, contrast-induced acute kidney
injury; MI, myocardial infarction; PCI, percutaneous coronary intervention;
TIMI, thrombolysis in myocardial infarction.

underwent pPCl. The results of the classical and IPW logistic
regression analyses indicated that the risk of CI-AKI have not
differed in diabetic STEMI patients based on whether they have

Stabilized weights

2.0
|

density
15

1.0

0.0
1

T T T T
0.0 0.5 1.0 1.5 2.0

Metformin - Metformin +

Figure 2. Stabilized weighting density plot between metformin
user and non-user group.
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A significant portion of STEMI patients are diabetic patients and
hence CI-AKI poses a significant problem in this patient group
who underwent pPCl. It has been claimed that metformin,
which is used as the first-line treatment in T2DM patients, may
increase the risk of CI-AKI and MALA in this patient group. In
parallel, it has been suggested in many studies that addressed
the elective PCls that metformin treatment should be discontin-
ued before the pPCl procedure to reduce the risk of CI-AKI and
MALA.27_29

Contrast-induced acute kidney injury, formerly known as con-
trast-induced nephropathy (CIN), describes the sudden deterio-
ration of renal function after exposure to intravascular ionized
contrast. It is demonstrated by a more than 25% rise in serum
creatinine levels 48 hours after a 0.5 mg/dL contrast exposure
absolute rise in creatinine levels.3® The pathophysiological mech-
anisms underlying CK-AKI have not been fully elucidated.? The

Table 4. Inverse Probability Weighted Conditional
Muttivariable Logistic Regression Analysis

Variables Odds Ratio  95% CI P
Age (years) 0.99 0.97-1.01 .66
Admission creatinine (mg/dL) 1.49 1.06-2.10 .02
Body weight-adapted contrast 0.82 0.64-1.04 .10
agent (mL/kg)

HgA1c (%) 1.07 0.95-1.20 .23
Hemoglobin (g/dL) 1.01 0.89-1.13 .92
Admission systolic blood 1.00 0.99-1.01 .59

pressure (mmHg)

Metformin usage yes/no 0.92 0.57-1.50 .74
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AKI (Odds-Ratio)

0.8~

0.4 -

0.00 0.25 0.50 0.75 1.00
Metformin

Adjust to: Baseline Creatinine:0.85 mg/dL, Age: 61 years, SBP:140 mm Hg, Baseline
Hg:13.8 gr/dL,HbA1c: 6.1,Body weight-adapted contrast agent (ml/kg):1.6
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AKI (Odds-ratio)
N

1.0 1.5 2.0 2.5

Admission Creatinine

Adjust to: Baseline Creatinine:0.85 mg/dL, Age: 61 years, SBP:140 mm Hg,
Baseline Hg:13.8 gr/dL,HbA1c: 6.1,Body weight-adapted contrast agent (ml/
kg):1.6, Metformin : 0

Figure 3. Adjusted variable plot for predicting contrast induced-acute kidney injury according to metformin and admission

creatinine.

CM may exert a direct cytotoxic effect on the tubular epithelial
due to increased reactive oxygen radicals and decreased nitric
oxide activity.?' In addition, acute tubular necrosis, hypoxia, and
medullary vasoconstriction may occur through vasoconstrictor
mediators.

Contrast-induced nephropathy is associated with long-term
loss of renal function and increased in-hospital mortality risk,3?
and lactic acidosis developed secondary to metformin usage can
result in mortality in up to 50% of the cases.* For this reason, it is
very important to identify patients with high CIN and lactic aci-
dosis risks and to prevent the clinical conditions in question. On
the other hand, discontinuation of metformin therapy in diabetic
patients may worsen glycemic control during hospitalization giv-
ing rise to acute effects and increasing cardiovascular risks in the
long term.33

Patients who underwent cardiac angiography constitute the
majority of the CI-AKI cases reported in the literature in recent
years. Cardiac angiography differs from intravenous (IV) admin-
istration in that the contrast injection is intra-arterial and

suprarenal, the injection is administered with a catheter which
may cause atheroembolism, and the kidneys are suddenly
exposed to high contrast.’'® Although there is no evidence of
a dose-toxicity relationship in IV administration when used at
diagnostic doses,** the nephrotoxic effect of iodinated CM may
be dose-related in cardiac angiographic procedures. This may be
the reason why the overall incidence of CI-AKI in studies that
address cardiac angiographic procedures is higher than the overall
incidence of CI-AKI in patients that receive iodinated CM intra-
venously.”™3 In this context, the patient group who underwent
arterial and coronary interventions should be addressed also in
terms of the risk of CI-AKI.

The risk of CI-AKI in STEMI patients using metformin has
been assessed in a limited number of studies available in the
literature. In one of these studies, which included 372 STEMI
patients who underwent pPClI, it was determined that chronic
metformin use did not have any negative effect on renal func-
tions following pPCl and even that it had a protective effect
against the development of CI-AKI. In the same study, lactic
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acidosis was not observed in any of the patients included in
the study.3

In another study, the safety of metformin usage together with
CM administration was investigated on 379 STEMI patients with-
out T2DM or chronic kidney disease. The patients included in the
said study were randomized to receive metformin or placebo
twice daily after primary pPCl for 4 months. Consequentially,
no significant difference was found between the 2 groups that
received metformin or placebo over the study period in terms
of eGFR, and it was determined that the patients that received
metformin were not at increased risk for CI-AKI.3¢

Additionally, in another study, the safety of peri-procedural met-
formin usage with respect to the development of CIN and MALA
was demonstrated in patients with normal or mildly impaired
renal functions (eGFR >60 mL/min/1.73 m?), who were sched-
uled for elective CAG, and have been using metformin for T2DM
treatment. In addition, the eGFR values measured 48 hours after
CAG in patients in whom metformin treatment was not discon-
tinued were found to be better than in patients in whom met-
formin treatment was discontinued. This result was attributed to
the renoprotective effect of metformin in the setting of contrast
exposure.’

The most important side effect of metformin treatment is the risk
of developing MALA. Metformin-induced lactic acidosis is char-
acterized with blood lactate levels above 5 mmol/L, decreased
pH levels, and increased bicarbonate anion gap. Metformin doses
are usually above the therapeutic range of 2-4 mg/L in patients
who develop MALA and can be toxic at high doses. Metformin
increases anaerobic respiration by inhibiting the mitochondrial
respiratory chain enzyme and the mitochondrial glycerophos-
phate dehydrogenase enzyme, and the increased pyruvate is
converted to lactate within the Krebs cycle.*® The increased lac-
tate due to the metformin-induced reduction in gluconeogen-
esis in the liver may not be reduced by glucose production.®® As a
result, lactic acidosis develops due to both increased production
and decreased consumption.“

It is estimated that this condition occurs in up to 0.084 cases
per 1000 patient-years. This incidence may not seem high,
but the mortality rate associated with this condition is about
50%, which is very high. It has been reported that lactic aci-
dosis occurred since one or more patient-associated contra-
indications for the medication were overlooked in almost all
reported cases.* It was demonstrated in many studies and
meta-analyses that the risk of lactic acidosis is very low and
is associated primarily with the underlying diseases such as
hypoxic conditions in particular*’ and other possible comor-
bidities rather than metformin usage.*>* Interestingly, in criti-
cally ill patients suffering from severe MALA, the prognosis of
the patients that have been using metformin was significantly
better than that of the patients who have not been using met-
formin.** In comparison, in this study, none of the patients has
developed MALA.

Substantial controversies exist between the recommendations of
international guidelines on CM administration in patients receiv-
ing metformin and on the discontinuation of metformin.’#4>-4
For example, it is recommended in the current European Society
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of Cardiology guidelines that the renal function is to be checked
for at least 3 days after angiography and that metformin is to
be discontinued in the event that renal function deteriorated.®
On the other hand, it is recommended in the current U.S. Food
and Drug Administration guidelines that metformin is to be dis-
continued before CM administration because of the perceived
risk of CI-AKI.3 Additionally, it is recommended in the current
European Society of Radiology guidelines that metformin is to be
discontinued in the event of CM administration and that met-
formin is to be administered to patients with eGFR values of <30
mL/min/1.73 m? receiving IV CM or intra-arteriel (IA) CM with
second-pass renal exposure as well as to all patients receiving I1A
CM with first-pass renal exposure or who have AKI.™

Similarly, in the current guidelines of the American College of
Radiology, it is stated that there is no need to discontinue met-
formin in patients who do not have a history of severe renal
failure or AKI (GFR >30 mL/min) and who underwent IV CM.
Additionally, it is emphasized that metformin should only be
temporarily discontinued in patients with a known history of AKI,
severe renal failure (GFR <30 mL/min), or CM exposure due to
arterial catheterization and that renal functions are to be evalu-
ated 48 hours later.3

The key benefit of IPTW is that all patients who are included in
the study can be analyzed, additionally, using a doubly robust
method like combining propensity score weighting and covari-
able adjustment for outcome estimation produces more reli-
able results.“® Due to without conditioned to metformin in Zeller
et al® results in may give biased result.

In summary, the findings of this study indicated that the intake of
metformin in STEMI patients did not increase the risk of CI-AKI.
This is a finding that would relieve the clinicians in terms of
administration of metformin to the STEMI patients who under-
went pPCl and had intra-arterial exposure to CM. In this way, the
acute and long-term side effects associated with the discon-
tinuation of metformin would also be prevented.

Apart from its strengths mentioned throughout the text, there
were also some limitations to this study. The first limitation is
that it was carried out retrospectively. Secondly, patients who
were admitted to 2 healthcare centers only were included in
the study. Thirdly, the data on the long-term renal functions
of the patients were not taken into account within the scope
of the study. Lastly, as per the nature of the regression method,
some confounders might not have been calculated or included
in the regression model. Nevertheless, it would be possible to
reach a final conclusion based on the results of large-scale stud-
ies conducted with this patient group.

Conclusion

Metformin usage was not found to be associated with an
increased risk for CI-AKI in diabetic STEMI patients who under-
went pPCl and were exposed to CM. This finding indicates that
the metformin therapy might be continued in STEMI patients
without interruption. Despite the fact that IPW method was
used in this study, further large-scale studies are needed in order
to reach a final conclusion.

Visual summary of the article can be seen in Figure 4.
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Figure 4. A visual summary of the article.
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