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Abstract

Objective The triglyceride glucose (TyG) index is a biomarker of insulin resistance and is associated with an increased
risk of cardiovascular events. Contrast-induced nephropathy (CIN) is an important complication that causes poor
outcomes in patients undergoing percutaneous coronary intervention (PCl). In this study, we aimed to investigate

the relationship between the TyG index and CIN and mortality in patients who underwent PCl due to chronic total
coronary occlusion (CTO).

Methods Two hundred eighteen individuals from three separate medical centers who underwent procedural PCl
between February 2010 and April 2012 and had a CTO lesion in at least one coronary artery were recruited. Accord-
ing to the TyG index, patients were divided into two groups. Patients with a TyG index > 8.65 were included in Group
1, and patients with a TyG index < 8.65 were included in Group 2. Patients were followed up for 96 months. The main
outcome was the development of CIN and mortality.

Results The mean age of the patients (65.8+10.94 vs. 61.68+ 11.4, P=0.009), diabetes mellitus (60 [44.8%)] vs. 11
[13.1%], P<0.001), and dyslipidemia rates (52 [38.8%)] vs. 21 [25%)], P=0.036) were higher in group 1. In multivari-
able logistic regression analysis, it was seen that age (OR=1.04, 95% Cl=1.01-1.08, P=0.020), chronic kidney disease
(OR=2.34,95% Cl=1.02-5.33, P=0.044), peripheral artery disease (OR=5.66, 95% Cl=1.24-2591, p=0.026), LVEF
(OR=0.95,95% C1=0.92-0.99, P=0.005), LDL cholesterol levels (OR=1.00, 95%Cl=1.00-1.02, P=0.024) and TyG index
(OR=2.17,95% CI=1.21-3.89, P=0.009) were independent predictors of the development of CIN.

Conclusion Our study demonstrates a correlation between the TyG index and the prevalence of CIN in patients
with CTO undergoing PCl. Adding the TyG index to the routine clinical evaluation of patients with CTO undergoing
PCl may help protect patients from the development of CIN.
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Graphical Abstract

Association between the triglyceride-glucose index and contrast-induced nephropathy in chronic total
occlusion patients undergoing percutaneous coronary intervention

clinical settings.

disease

Our research shows a strong correlation between a high TyG index and a high prevalence of CIN in patients with
CTO undergoing PCI. The TyG index's affordability and ease of use make it a valuable tool for risk stratification in
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IV.  Our study demonstrates a correlation
between the TyG index and the prevalence
of CIN in patients with CTO undergoing PCI.
Adding the TyG index to the routine clinical
evaluation of patients with CTO undergoing
PClI may protect patients from the
development of CIN.
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Randomized studies = involving more patients are
required. to. comprehensively- explain the relationship
between CIN incidence and the TyG index.

Introduction

With increasing life expectancy and the elderly popu-
lation, there has been a significant increase in records
regarding the need for coronary angiography (CAG),
percutaneous coronary intervention (PCI), and some of
its negative consequences in recent years [1, 2]. And this
increase is expected to continue. One of the important
complications of PCI is contrast-induced nephropathy
(CIN). The reported incidence of CIN with PCI varies
greatly, from 3 to 19%, despite its significance [3]. Esti-
mates from single-center studies or studies conducted
before the current usage of volume expansion techniques
and iso-osmolar contrast agents are likely to be the cause
of this vast discrepancy.

CIN after PCI is a common and potentially fatal com-
plication of this procedure. CIN is strongly correlated
with prolonged hospitalization, increased healthcare
costs, late renal and cardiovascular problems, and mor-
tality [4, 5]. Following primary PCI, several factors may
contribute to the development of CIN, including intra-
renal vasoconstriction, oxidative damage, dysfunction
of endothelial cells, inflammatory conditions, decreased
renal blood flow, and the production of reactive oxygen
species. Direct tubular epithelial cell injury stemming
from contrast media is another potential mechanism.

[6-9]. Since the specific pathophysiology of CIN is yet
unknown, there is no proven treatment for CIN. To lower
the occurrence of CIN, screening individuals for signifi-
cant risk factors and implementing timely preventative
measures are crucial.

Insulin resistance (IR) is the primary cause of diabe-
tes mellitus (DM) and a common indicator of a systemic
immune response and metabolic problems, which are
linked to the development of atherosclerosis of the coro-
nary arteries [10, 11]. Many studies have demonstrated
that the TyG index has a relationship with many risk fac-
tors for CHD, such as hypertension, diabetes mellitus,
obesity, and metabolic syndrome, and it may additionally
predict the future outcomes of patients with coronary
artery disease (CAD) and in-stent restenosis [12—15].
These studies have shown that the TyG index may be a
predictor of poor outcomes. It is known that DM is a
predictor of poor outcomes for cardiovascular diseases.
However, the TyG index has not been adequately tested
in selected patient groups.

Many parameters associated with coronary artery
disease and poor prognosis have been previously inves-
tigated [16—18]. It has been shown in many studies that
the TyG index is a predictor of the development of CIN
in acute coronary syndrome, but there is no data on the
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amount of contrast agent or angiography duration in
these studies [19, 20]. Acute heart failure in acute coro-
nary syndrome patients already contributes to the devel-
opment of CIN due to Type 1 Cardiorenal Syndrome.
We aim to eliminate this doubt by including patients
who underwent elective PCI in our study. Again, in our
study, we investigate the effect of long-term angiography
and excessive contrast use on CIN by including patients
with CTO instead of patients who used relatively vari-
able duration and amount of contrast. In our study, we
planned to investigate the effect of the TyG index on the
development of CIN and mortality in CTO patients who
underwent PCL

Materials and methods

Study population

For this study, 218 individuals from three separate medi-
cal centers who underwent procedural CAG between
February 2010 and April 2012 and had a CTO lesion in
at least one coronary artery were recruited. The study
was designed to be cross-sectional, retrospective, and
multicenter. According to the Tyg Index values, patients
were divided into two groups. The cut-off value for the
TyG index was determined by taking into account a study
investigating the relationship between triglyceride-glu-
cose index and contrast-induced nephropathy in patients
with non-ST elevation myocardial infarction who under-
went percutaneous coronary intervention [20]. Patients
whose Tyg index value>8.65 were included in Group
1, and Tyg index value<8.65 in Group 2. Two cardiolo-
gists reviewed and selected the patients’ CAG images.
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The patient’s follow-up information, laboratory results,
echocardiography results, and demographic information
were all taken from the hospital registry. In our study,
all patient data was anonymized by removing identifi-
able information such as names, addresses, and contact
details. Each record was assigned a unique identifier,
and the dataset was encrypted and securely stored on a
restricted-access server. The Health Sciences University
Gazi Yasargil training and research hospital ethics com-
mittee granted study permission per the 2013 Declara-
tion of Helsinki (25-26/04/2024). The need for informed
consent was waived by the Ethics Committee due to
the retrospective nature of the study, which analyzed
anonymized data from hospital records. Patients with
EF >40, aged within 18-90 years, and at least one coro-
nary artery with CTO who had procedural CAG were
included. EF <40, acute coronary syndrome (ACS), aller-
gic to contrast, coronary artery bypass grafting (CABG)
history, end-stage kidney disease, kidney transplantation
history, low blood pressure, intra-aortic balloon pump
use, rheumatoid and connective tissue diseases, cancer,
current infection, and data inaccessibility were among
the exclusion criteria. The patient flowchart is shown in
Fig. 1. The main outcome measure for the 96-month fol-
low-up period was CIN and mortality. The patients were
called for the first check-up at the end of the first month
and were called for check-ups every 3 months until the
first year. After the first year, they were called for check-
ups every 6 months. During the check-ups, the patients’
laboratory values, clinical conditions and medication use
were evaluated and recorded.

297 patients who underwent percutaneous coronary intervention for chronic
total occlusion

16 patients were excluded due to
missing data

16 patients were excluded due to
LVEF<40

13 patients were excluded due to a
history of CABG surgery

11 patients due to end-stage renal
disease or renal transplantation

23 patients were excluded for the \
following reasons:

* Rheumatoid and connective tissue

diseases

Acute coronary syndrome.

Low blood pressure or intra-aortic

balloon pump use

Cancer or current infection

218 patients enrolled in the study and categorized according to the median
TyG index

l

l

[ Low TyG index (<8.65) group= 84 patients ]

[ High TyG index (28.65) group= 134 patients ]

Fig. 1 Patients enroliment flowchart
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Periprocedural management

For every patient in the study, a non-ionized low-osmo-
lality contrast agent was utilized. The doctor’s decision
on the angioplasty procedure and the quantity of con-
trast agents was final. Before and after the procedure,
all of the study’s patients were given hydration with
a serum that contained at least 1000 cm? of a 0.9% iso-
tonic sodium chloride solution. Before the procedure,
300 mg of aspirin and 300 mg of clopidogrel were given
to each patient. Following PCI, a minimum of one year of
therapy with 100 mg/d of aspirin and 75 mg/d of clopi-
dogrel was recommended. All of the study participants
regularly got statins, beta-blockers, and angiotensin-con-
verting enzyme inhibitors (ACEIs) or angiotensin recep-
tor antagonists (ARBs), assuming no contraindications
applied.

Definitions

Blood samples were obtained from the anterior region
of each study patient’s arm while they were in the supine
position after they were admitted to the cardiology clinic.
While the blood parameters were being examined at
room temperature, the serum was separated using cen-
trifugation at 3000x g cycles. Individuals whose blood
pressure measurement was 90/60 or below were classed
as hypotensive, while those whose measurement was
140/90 or greater were hypertensive. A patient’s low-den-
sity lipoprotein (LDL) level exceeding 130 mg/dL, their
total cholesterol level over 200 mg/dL, or their usage of
statins were all defined as dyslipidemia. The echocardi-
ography laboratory performed transthoracic 2D echo-
cardiography (Vivid S6, GE Medical Systems, USA) to
calculate the patients’ LVEF. CIN was defined as a rise in
serum creatinine concentration that occurs 48—72 h after
CAG of 0.5 mg/dL, or >25%. Renal failure was defined as
an eGFR (glomerular filtration rate) of less than 60 mL/
min/1.73 m2, as calculated by the Cockcroft-Gault for-
mula. A saline solution of 1 ml/kg/h was given to all
patients whose creatinine clearance was less than 60 ml/
min, both 12 h before and following the procedure. If
their ejection fraction was less than 40%, they were given
0.5 ml/kg/h. The methodology used to determine the
TyG index was Ln (fasting triglyceride [mg/dL] X fasting
blood glucose [mg/dL]/2), [21].

Statistical analysis

For analysis, the IBM SPSS version 24.0 software was
used. Depending on how the data were distributed, base-
line continuous variables were given as means +stand-
ard deviation or median and interquartile range (IQR).
Frequency and percentage were used to characterize
categorical variables. The normal distribution of vari-
ables was analyzed through Kolmogorov—Smirnov and
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Shapiro—Wilk tests. The association between survival and
CIN development and the Tyg index over a 96-month
follow-up period was examined using the Kaplan—Meier
test. Depending on the distributions, the Mann—Whitney
U test or Student’s t-test were used to compare continu-
ous variables. For continuous variables, univariable anal-
ysis was used; for categorical variables, the chi-square
or Fisher’s exact test was utilized. Using descriptive sta-
tistical analysis methods, patients were also analyzed
between groups that developed CIN and those that
did not. The variables influencing the development of
CIN were assessed using univariable logistic regression
analysis. Parameters with p<0.1 in univariable logistic
regression analyses were added to multivariable logistic
regression analyses. In all cases, a P-value less than 0.05
was considered statistically significant.

Results

Baseline characteristics

The baseline characteristics of the study population
are shown in Table 1. The mean age of the patients in
group 1 was higher than in group 2 (65.8+10.94 vs.
61.68+11.4, P=0.009). Diabetes mellitus (60 [44.8%]
vs. 11 [13.1%], P<0.001) and dyslipidemia rates (52
[38.8%] vs. 21 [25%], P=0.036) were higher in group 1.
The rates of cerebrovascular disease, in-stent resteno-
sis, and two or more total vessels were also higher in
group 1 (P<0.05 for each). No significant difference
was observed between the groups in terms of gender,
LVEE hypertension, smoking, chronic kidney disease
(CKD), and peripheral artery disease.

Hemoglobin (P=0.022), glucose (£<0.001), total
cholesterol (P=0.002), triglyceride (P<0.001), and uric
acid levels (P=0.044) were higher in group 1. No sig-
nificant difference was observed between the groups
in terms of white blood cell, neutrophil, lymphocyte,
platelet, creatinine, glomerular filtration rate, albumin,
HDL, and LDL values.

In the Pearson correlation analysis, while a signifi-
cant correlation was observed between white blood cell
(P=0.001), glucose, triglyceride, total cholesterol val-
ues (P<0.001 for each), and TyG index, no significant
correlation was observed between LVEF, LDL, GEFR,
hemoglobin values, and TyG index. Correlation analy-
ses are shown in Table 2.

Logistic regression analyses

When patients were grouped according to the develop-
ment of CIN, in univariable logistic regression analysis,
age, chronic kidney disease, peripheral artery disease,
LVEE, two or more total vessels, LDL cholesterol levels,
and TyG index were found to be predictors of the devel-
opment of CIN (P<0.05 for each). When the parameters
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Table 1 Baseline characteristics of the total population according to the groups
Variables TyG index>8.65 TyGindex<8.65 P value
(n=134) (n=84)
Age years 65.8+10.94 6168+ 1145 0.009
Female gender, n (%) 39(29.1) 20(23.8) 0.392
Ejection fraction (IQR) 50 (20) 50 (20) 0223
Hypertension, n (%) 48 (35.8) 30(35.7) 0.987
Diabetes mellitus, n (%) 60 (44.8) 11(13.1) <0.001
Dyslipidemia, n (%) 52(38.8) 21(25) 0.036
Smoking, n (%) 37 (276) 21(25) 0.671
Chronic kidney disease, n (%) 31 (23.1) 18(21.4) 0.769
Cerebrovascular disease, n (%) 6(4.5) 0(0) 0.049
Peripheral arterial disease, n (%) 7 (5.2) 5(6) 0.818
In-stent restenosis, N (%) 22 (164) 6(7.1) 0.046
Two or more total vessel, n (%) 18 (13.4) 4(4.8) 0.039
Hemoglobin, gr/dL 13.8+1.8 133+19 0.022
White blood cell, 103/uL 100435 96+3.5 0.540
Neutrophile, 10%/uL (IQR) 581 (4.2) 526 (2.7) 0.136
Lymphocyte, 10*/uL (IQR) 2.15(1.0) 1.97(1.07) 0.165
Platelet, 103/|JL 246+71.6 2473+79.8 0.902
Glucose, mg/dL (IQR) 144 (122) 103 (29) <0.001
Creatinine, mg/dL (IQR) 0.89(0.3) 0.88(0.31) 0458
Glomerular filtration rate, mL/min 80.88+233 82.13+26.95 0.717
Albumin, mg/dL 361044 356047 0465
Total cholesterol, mg/dL 1888+9.6 168.4+44.6 0.002
HDL, mg/dL 379+79 42.5+13.1 0.002
LDL, mg/dL 108.2+37.1 1029+383 0316
Triglyceride, mg/dL (IQR) 193 (106) 98 (49.25) <0.001
Uric acid, mg/dL 6.2+1.85 561+1.88 0.044

TyG index Triglyceride-glucose index, HDL High density lipoprotein, LDL Low density lipoprotein

Table 2 Pearson correlation tests with TyG index

Parameters Correlation coefficient P value
White blood cell 0.219 0.001
Hemoglobin 0.108 0.113
Ejection fraction 0.039 0.565
Glomerular filtration rate —-0.092 0.174
Glucose 0.587 <0.001
Triglyceride 0514 <0.001
Total cholesterol 0.261 <0.001
Low density lipoprotein 0.048 0483

contributing to the development of CIN were put into
the multivariable logistic regression model, it was seen
that age (OR=1.04, 95% CI=1.01-1.08, P=0.020),
chronic kidney disease (OR=2.34, 95% CI=1.02—
5.33, P=0.044), peripheral artery disease (OR=5.66,
95% CI=1.24-2591, P=0.026), LVEF (OR=0.95,

95% CI=0.92-0.99, P=0.005), LDL cholesterol levels
(OR=1.00, 95%CI=1.00-1.02, P=0.024) and TyG index
(OR=2.17, 95% CI=1.21-3.89, P=0.009) were inde-
pendent predictors of the development of CIN (Table 3).

ROC curve and survival analyses

Receiver operating characteristic curve (ROC) analysis
revealed that the optimal cut-off value of the TyG index
to predict CIN development was 8.86 with 59% sensi-
tivity and 54% specificity (AUC: 0.60, 95%CI: 0.51-0.68,
and P=0.044). However, no significant relationship was
observed between the TyG index and mortality in the
ROC analysis (p=0.631) (Fig. 2).

Patients were grouped according to the TyG index and
CIN development, and the mortality curve was created
using Kaplan—Meier analysis. While there was no signifi-
cant relationship between the TyG index and mortality
(Log-rank=0.808, P=0.369), a significant relationship
was observed between the development of CIN and
mortality (Log-rank=19.409, P<0.001). Kaplan—Meier
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Table 3 Logistic regression analyses of the development of contrast-induced nephropathy

Parameters Univariable analysis Multivariable analysis
OR (95%Cl) P value OR (95%Cl) P value
Age 04 (1.0 07) 0.007 1.04 (1.01-1.08) 0.020
Female gender 0.87 (04 87) 0.730
Hypertension (O 85-3. 26) 0.136
Diabetes mellitus 0.63 (0.32-1.25) 0.188
Cerebrovascular disease 0.24 (0.47-1.23) 0.087 1.87 (0.24-14.58) 0.549
Chronic kidney disease 3.64(1.78- 745) <0.001 2.34(1.02-5.33) 0.044
Dyslipidemia 0.75(0.38-1.49) 0419
Peripheral arterial disease 442 (1.35-14.46) 0.014 5.66 (1.24-25.91) 0.026
Smoking 1.79 (0.88-3.63) 0.104
Ejection fraction 0.95 (0.92-0.98) 0.001 0.95 (0.92-0.99) 0.005
Glucose 00 (0.99-1.00) 0.176
Total cholesterol 1.00 (1.00-1.01) 0.257
Hemoglobin 0.94 (0.78-1.12) 0483
Two or more total vessel 3.19(1.26-8.03) 0.014 1.71(0.57-5.12) 0.342
TyG index 91 (1.21-3.04) 0.006 2.17(1.21-3.89) 0.009
LDL cholesterol 1.10 (1.00-1.01) 0.028 1.00 (1.00-1.02) 0.024
ROC Curve ROC Curve
1,0 1,0
A B
0,8 0,8
g 0,6+ E 0,6
= =
" v
g g
o A 0,4
AUC=0.68, 95% CI=0.51-0.68 AUC=0.52, 95% CI=0.43-0.61
0,2 p=0.044 0,2 p=0.631
0,0 T T T T 0,0 T T T T
0,0 0,2 0,4 0,6 0,8 1,0 0,0 0,2 0,4 0,6 0,8 1,0

1 - Specificity

1 - Specificity

Fig. 2 ROC curve analysis of TyG index to predict the development of CIN (A) and death (B)

analyses are shown in Fig. 3. Additionally, a graphi-
cal abstract summarizing the findings of our study is
schematized.

Discussion

In this study, we investigated the relationship between
the TyG index and CIN development and mortality in
CTO patients. According to the results of our study, the

TyG index was found to be an independent predictor of
CIN development. However, the relationship between the
TyG index and mortality was not statistically significant.

Other results of our study showed a significant rela-
tionship between the TyG index and the development
of cerebrovascular accident, dyslipidemia, advanced age,
DM, in-stent restenosis, number of multiple total vessels,
and uric acid levels.
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Fig. 3 Kaplan-Meier analysis of CIN development (A) and TyG index (B) for survival

Many previous studies have shown the association
between TyG index and cardiovascular diseases, DM,
and angina pectoris, and the prognosis of these diseases
[21-29]. According to Alessandra et al., the TyG index
may be utilized to measure atherosclerosis in individu-
als with known cardiovascular disease (CVD) and was
positively correlated with a greater incidence of symp-
tomatic CAD [30]. Additionally, Jin et al. demonstrated
a positive correlation between the TyG index and sub-
sequent cardiovascular (CV) events, such as non-fatal
myocardial infarction, cerebrovascular accident, after-
discharge revascularization, and total mortality [31].
These findings raise the possibility that the TyG index
can be a helpful indicator for forecasting clinical conse-
quences in patients with stable coronary artery disease.
According to research by Mao et al., the TyG index may
be a separate predictor of the severity of CAD as deter-
mined by the SYNTAX Score and future cardiovascular
events, which are defined as the combined occurrences of
non-fatal stroke, cardiac mortality, target vessel revascu-
larization, chronic heart failure, and non-fatal myocardial
infarction in non-ST-segment elevation acute coronary
syndrome [32]. Similar to these studies, in our study, a
significant relationship was observed between the TyG
index and advanced age, diabetes mellitus, dyslipidemia,
cerebrovascular disease, in-stent restenosis, and two or
more total vessels.

Insulin resistance may be connected to the TyG
index’s negative correlation with CV outcomes, even
if the exact mechanism is yet unknown. Numerous
investigations conducted in the last several years have
demonstrated the significance of IR in advanced plaque

advancement as well as atherogenesis. This is because
IR promotes the death of endothelial cells, vascular
smooth muscle cells, and macrophages [33, 34]. IR may
lead to several metabolic alterations that can precipi-
tate the onset of CVD. For instance, IR may result in
an imbalance in the metabolism of glucose, leading to
persistent hyperglycemia. This, in turn, may produce
oxidative stress and an inflammatory response, ulti-
mately resulting in damage to vascular endothelial cells.
Additionally, IR can change how fats are metabolized.
This can result in dyslipidemia and the well-known
lipid triad of increased plasma triglycerides, decreased
plasma HDL cholesterol, and the formation of tiny,
dense LDL cholesterol particles. The development of
atherosclerotic plaque is facilitated by these metabolic
alterations [35].

Prior research found that the use of a contrast agent
decreased human renal blood flow by 50% around four
hours later [36, 37]. Renal hypoxia and worsening of
damage might result from renal vascular endothelial
cells’ increased release of different vasoconstriction fac-
tors and decreased release of vasodilatation factors fol-
lowing the injection of contrast agent. Since there is now
no effective, proven treatment for CIN, it is important
from a medical point of view to prevent CIN.

There are many studies examining the relationship
between the TyG index and CIN development. The most
important difference between our study and other stud-
ies is that ACS patients who underwent emergency PCI
were excluded, and only CTO patients were included
in the study. One study showed a strong relationship
between high TyG index and the risk of developing CIN
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in patients with type 2 diabetes mellitus and coronary
artery disease [19]. Again, in a study including 350 non-
diabetic NSTEMI patients who underwent PCI proce-
dures, a significant relationship was observed between
the TyG index and the development of CIN [20].

A research of 1772 PCI patients in China found that
hyperuricemia, age>75, eGFR <60, anemia, and emer-
gent PCI were independent predictors of CIN [38]. In
our study, similar to the results of this study, advanced
age, CKD, and hyperuricemia were predictors of the
development of CIN. Unlike this study, in our study,
no significant relationship was observed between ane-
mia and the development of CIN, and emergency PCI
patients were not included in the study. While the exact
pathophysiological mechanism behind the deleteri-
ous consequences of hyperuricemia is yet unknown, it
seems to be complex. Hyperuricemia has been asso-
ciated in clinical studies with many proatherogenic
processes, such as elevated oxidative stress, smooth
muscular cell proliferation, inflammatory processes,
and dysfunction of endothelial cells [39-41].

A previous study found a significant relationship
between anemia and the development of CIN, but the
effect of anemia on CIN was examined in patients with
GFR=15-60 [42]. Anemia may have already been effec-
tive in stage 3—4 CKD patients. However, in our study,
anemia did not appear to be a predictor of CIN because
our population did not consist only of CKD patients.
CKD itself is already a predictor of CIN, and anemia
may have been significant in this patient group. To
understand the true impact of anemia, studies includ-
ing patients with normal kidney function are needed.

LDL cholesterol can cause the endothelial B-type
receptors to be upregulated, which can lead to vasos-
pasms and decrease the flow of blood locally. As a result,
the authors hypothesized that elevated LDL cholesterol
levels may be linked to CIN by inducing renal vaso-
constriction, a link that was supported by additional
research. The results of our study also support this study.
In our study, LDL cholesterol level was evaluated as
an independent predictor for the development of CIN.

According to earlier research, a prolonged rise in arte-
rial blood pressure can harm the renal vessel’s ability to
regulate its blood pressure. It can also lead to renal arte-
riole thickening and arteriosclerosis, which can cause
hypertension and high glomerular capillary filtration,
which can ultimately result in ischemia and sclerosis of
the glomerulus [43]. The relationship between hyper-
tension and the development of CIN is not clear. In our
study, unlike this study, no significant relationship was
observed between hypertension and the development of
CIN. This may be due to the low number of hyperten-
sive patients. In addition, whether hypertension is under
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control or not is an important confounding factor. Per-
haps studies that include only controlled hypertensive
patients can guide the scientific world to obtain clearer
data on this subject.

The main reason why the CIN development rate in our
study is higher than other studies is that patients with
chronic total occlusion were included in the study, and
as a result, the procedure time was prolonged, and the
amount of contrast material was high. Additionally, RIF-
FLE criteria were used in the definition of CIN. In one
study, the authors compared CIN criteria. While 18.3% of
patients met the criteria for CIN, 12.2%, 10.5%, and 15.6%
of the patients met the criteria for AKIN, RIFLE (CKD-
EPI), and RIFLE (MDRD), respectively. They showed
that the criteria that best define CIN development after
STEMI are the RIFFLE criteria. [44].

A meta-analysis study including six prospective and six
retrospective studies was conducted to evaluate the asso-
ciations of the TyG index with cardiovascular disease and
mortality risks in the general population. As a result of
the study, no significant association was found between
cardiovascular or all-cause mortality and TyG index [42].
However, results were different in a study of 5452 criti-
cally ill individuals with coronary artery disease. In this
study, increasing TyG index was associated with 30-day
and 1-year all-cause mortality [45, 46]. In our study, TyG
index and all-cause mortality were investigated in paral-
lel, and no significant association was found. This may be
due to the small number of patients included in the study
and the small number of deaths that occurred. Although
there is no accepted cut-off value for the TyG index, it is
an important finding that a high TyG index can predict
CIN. The significant results in regression analyses suggest
that the TyG index may be useful in predicting the risk of
CIN. However, the low sensitivity and specificity values
in the ROC analysis indicate that this index alone will not
be sufficient to predict CIN. Incorporating the TyG index
into a multiparameter risk score for CIN may increase
its clinical applicability. Nevertheless, the use of the TyG
index in clinical practice can be a reference for invasive
cardiologists in predicting procedural complications,
especially CIN. Therefore, invasive cardiologists can
reduce procedural complications and protect patients
from poor outcomes by considering the risk of develop-
ing CIN in patients with high TyG index. Moreover, the
mortality relationship appears negative in our study. Pro-
spective studies with large participation investigating the
relationship between the TyG index and mortality may be
useful. In future studies planned to be conducted on CIN
using the TyG index, prospective studies with a larger
patient population may be decisive in this regard.

Our study has lots of limitations. Firstly, our population
consists of relatively few patients. The small sample size
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in our study and the use of a cohort from approximately
ten years ago may be a limitation in generalizing its effect
to the current literature. Considering the wide spectrum
of CTO disease, the small number of patients becomes a
very important limitation. Considering that our study is
limited to Turkey, it would be appropriate to consider it
as a study that cannot be generalized on a global scale.
Some results that are inconsistent with the current litera-
ture may be due to these reasons. Given that creatinine
levels are expected to rise within three to five days after
the procedure, differences in the timing of peak creati-
nine levels after the procedure may have led to an incor-
rect estimate of the true CIN rate. In addition, although
we attempted to reduce this limitation by including only
patients with CTO that were prolonged and used in large
amounts of contrast, the fact that parameters such as the
amount of contrast medium used and procedure times
were not included in our data is an important limita-
tion. Procedure time and the amount of contrast medium
associated with it are parameters that alone may affect
the development of CIN. The effect of some param-
eters that may affect the development of CIN could not
be completely excluded. We did not have information
on calorie intake or dietary habits, which could affect
TG levels even after correcting for other important fac-
tors such as blood lipids. Another limitation of the study
design is that certain patient groups, such as heart failure
with low ejection fraction and rheumatological diseases,
were not included, which prevents the study from being
generalizable to all patient populations.

Conclusion

Our study demonstrates a correlation between the TyG
index and the prevalence of CIN in patients with CTO
undergoing PCI. The affordability and ease of use of the
TyG index make it a valuable tool for risk stratification
in clinical settings. Adding the TyG index to the routine
clinical evaluation of patients with CTO undergoing
PCI may help protect patients from the development of
CIN. Although its use alone is not sufficient, we believe
that the TyG index can be included in a risk score to
predict CIN.
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