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Abstract

Introduction: Pericoronary fat thickness (PFT) is a well-established marker crucial for evaluating the extent and severity of coro-
nary artery disease (CAD). While its role in CAD is widely acknowledged, a considerable gap exists in understanding the prognostic
implications of PFT after percutaneous coronary intervention (PCl), specifically for coronary chronic total occlusions (CTO).

Aim: This study investigated the relationship between PFT and prognostic outcomes in patients undergoing PCl for CTO.

Material and methods: A retrospective study analyzed data from 415 patients who had undergone coronary computed tomog-
raphy angiography (CCTA) and coronary angiography (CAG). PFT measurements were taken, and patients were categorized into nor-
mal, PCI (non-CTO), and CTO-PCI groups. Prognostic implications within the CTO-PCI group were evaluated based on survival status.

Results: PFT measurements varied significantly among groups. The CTO-PCI group had a 13.9% mortality rate over a median
follow-up of 16.6 +10.3 months. Higher average PFT values were found in the non-survival group (p = 0.013). ROC curve analysis
identified an average PFT cut-off value of 13.6 mm (AUC = 0.682, p = 0.011). Cox regression analysis linked mortality with LVEF (HR
=0.938, p = 0.001), albumin (HR = 0.189, p = 0.006), and average PFT (HR = 1.252, p = 0.040). Elevated average PFT was associated
with higher mortality (p = 0.001).

Conclusions: PFT is a significant inflammatory marker and a promising prognostic indicator following PCl for CTO. Integrating
PFT into risk prediction models may enhance prognostic accuracy and aid in timely clinical interventions.

Key words: coronary chronic total occlusions, percutaneous coronary intervention, pericoronary fat thickness, inflammation,
mortality.

Summary

This retrospective cohort study examined the prognostic significance of pericoronary fat thickness (PFT) in patients
undergoing percutaneous coronary intervention (PCI) for chronic total occlusions (CTO). The study included 415 patients who
underwent coronary computed tomography angiography and coronary angiogram. PFT measurements were significantly
different among the nonobstructive, PCI (non-CTO), and CTO-PCI groups. Patients in the CTO-PCI group had a 13.9% mortality
rate over a median follow-up of 16.6 months, with higher average-PFT values associated with increased mortality. Cox regres-
sion analysis identified average-PFT as an independent predictor of mortality, alongside left ventricular ejection fraction and
albumin levels. These findings highlight PFT as a potential inflammatory marker and prognostic indicator post-PCl for CTO,
suggesting its integration into risk assessment models for improved clinical outcomes.

Introduction patients have at least one coronary artery completely oc-
Coronary artery disease (CAD) is the leading cause  cluded [2, 3]. Successful revascularization of the chronic
of mortality worldwide [1]. Approximately 15% of CAD  total occlusions (CTO) through percutaneous coronary in-
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tervention (PCI) requires careful procedural planning and
highly skilled physicians [4, 5]. Although there have been
notable improvements in angina relief and ischemic bur-
den, there are still limited data on long-term prognosis
following these interventions [6, 7].

Inflammation is crucial in the development of CAD,
evidenced by immune cells in atherosclerotic plaques [8].
Research indicates that around 60% of myocardial infarc-
tions happen in patients with non-significant coronary
artery disease, resulting from plaque rupture in heavily
inflamed vascular atherosclerotic territories [9, 10].

Significant amounts of interleukin-6, plasminogen
activator inhibitor-1, free fatty acids, and tumor necrosis
factor-a can be produced by visceral adipose tissue, and
these substances accelerate the onset of atherosclerosis,
plaque instability, and arterial thrombosis [11, 12]. Fur-
thermore, the adventitia is strongly linked to epicardial
adipose tissue (EAT), which surrounds coronary arteries.
EAT may aggravate vessel wall inflammation, which in
turn promotes the progression of atherosclerosis [13, 14].

Currently, there are no standardized recommenda-
tions for measuring EAT [15]. The need for a more spe-
cific imaging modality to determine the coronary inflam-
mation has led to the increased use of pericoronary fat
thickness (PFT). PFT is the adipose tissue which interacts
closely with adjacent coronary arteries [16, 17].

The literature indicates a clear relationship between
PFT and the presence and severity of CAD. However,
whether PFT is crucial in determining the prognosis of
patients after CTO-PCI remains unexplored.

Aim
This study investigated the relationship between

PFT and the prognosis of patients who have undergone
CTO-PClI.

Material and methods
Study population

A total of 471 patients who underwent coronary an-
giogram (CAG) between November 2019 and February
2022 and underwent CT coronary angiography before the
procedure were retrospectively screened. Exclusion cri-
teria included malignancies and inflammatory diseases
(n = 12), hypersensitivity to contrast agents and systemic
disorders, such as thyroid disorders (n = 15), and an in-
appropriate computed tomography (CT) coronary angio-
gram (n = 29). After exclusion, 415 patients formed the
cohort. Patients were categorized into three groups: the
normal group, the PCl (non-CTO) group, and the CTO-PCI
group. Additionally, within the CTO-PCI group, a detailed
evaluation based on survival status was conducted to
explore potential prognostic implications. Baseline de-
mographic and laboratory data were retrieved from the
hospital’s electronic database system. The Multicenter
Chronic Total Occlusion Registry of Japan (J-CTO) score
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incorporates five predictors of guidewire passage with-
in 30 min: blunt proximal cap, bending > 45°, occlu-
sion > 20 mm in length, presence of calcification in the
CTO lesion, and a previous failed PCl attempt [18]. The
EuroCTO (CASTLE) score incorporates factors such as
history of coronary artery bypass grafting (CABG), age
(> 70 years), stump anatomy (blunt or invisible), de-
gree of tortuosity (severe or unseen), occlusion length
(>20mm), andseverity of calcification[19]. The Global Reg-
istry for the Study of Chronic Total Occlusion Intervention
(PROGRESS-CTO) score aggregates four factors asso-
ciated with technical failure: proximal cap ambiguity,
absence of interventional collaterals, vessel tortuosity,
and attempting to treat a left circumflex CTO. Based on
the operator’s assessment, interventional collaterals are
deemed crossable with a guidewire and micro-catheter
[20]. This study was approved by the Local Ethics Com-
mittee and conducted in accordance with the guidelines
set forth in the Declaration of Helsinki.

CT coronary angiogram and assessment of PFT

CT coronary angiogram imaging was performed us-
ing a 256-slice CT scanner (GE Revolution Evo 256-slice).
Imaging was performed during the mid-diastolic phase,
chosen forits minimal cardiac motion, with cardiac gating
set at 70-80% of the R-R interval. Window settings were
meticulously adjusted to enhance visualization of adi-
pose tissue and pericardium. Each scan preceded a con-
trast-enhanced coronary angiogram using 32 x 0.6 mm
collimation, with a tube current of 60 mAs and 120 kV.
Patients maintained sinus rhythm during the procedure,
and those with heart rates above 60 were given B-block-
ers to optimize image quality. An intravenous injection
of nonionic iso-osmolar contrast medium (Visipaque
320 mg/ml) was administered via the test bolus tech-
nique: a 10 ml bolus of contrast agent at 5 ml/s, followed
by 50 ml of saline into the antecubital vein, with sequen-
tial images captured every 2 s at the aorta and pulmo-
nary arteries. The delay time from injection to peak dye
intensity in the aorta was calculated, and after confirm-
ing the ECG trigger, image acquisition began with a 60 ml
Visipaque 320 mg/ml injection at 6 ml/s, followed by
60 ml of saline at the same rate using a power injec-
tor or infusion syringe. Pericoronary fat thickness (PFT)
was measured from the myocardium’s outer edge to the
visceral pericardium on axial views, explicitly measur-
ing the maximum fat thickness around the left anterior
descending coronary artery (LAD), left circumflex artery
(LCx), and right coronary artery (RCA) perpendicularly
(Figure 1) [21]. The average PFT was determined by cal-
culating the mean thickness of pericoronary fat around
these three coronary arteries. Two radiologists with ex-
pertise in cardiac imaging, blinded to patient informa-
tion, independently evaluated all CT coronary angiogram
images.
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Figure 1. Example of measurement of pericoronary fat thickness (PFT). A — Left anterior descending coronary
artery PFT, B — left circumflex artery PFT, C —right coronary artery PFT

Patient management

The percutaneous coronary intervention (PCl) was
carried out using established methods, following a stan-
dard protocol for antiplatelet therapy and periprocedural
anticoagulation. The decision-making process, includ-
ing considerations for bilateral injection, retrograde ap-
proaches, wire selection, microcatheter usage, and the
type of drug-eluting stents, was left to the discretion of
the treating physician. Throughout the follow-up period,
optimal medical therapy (OMT) for secondary prevention
was in line with established guidelines. The treating phy-
sician determined the length of dual antiplatelet therapy
for patients with drug-eluting stents.

Statistical analysis

SPSS Statistics software, version 21.0 (IBM Corp.),
was used for data analysis. The normality of continuous
variables was evaluated using the Kolmogorov-Smirnov
test. For continuously distributed variables with a normal
distribution, descriptive statistics were mean + standard
deviation, and for non-normally distributed data, medi-
an (interquartile range). Frequencies and percentages
were used to report categorical variables. For group com-
parisons, the Kruskal-Wallis test was used for non-nor-
mally distributed continuous variables, the 2 or Fisher’s
exact test was used for categorical data, and one-way
ANOVA was used for continuous variables having a nor-
mal distribution. After using post hoc analysis and Bon-
ferroni correction, the significant level was chosen at
p < 0.016. The Levene test, which employs the Tukey test
for homogeneously distributed significant parameters
and Tamhane’s T2 test for non-homogeneously distrib-
uted significant parameters, was used to determine the
homogeneity of normally distributed parameters. For
continuous variables, Student’s t-test or the Mann-Whit-
ney U test was used to compare two independent
groups; for categorical data, the y? or Fisher’s exact test
was employed. P-values less than 0.05 were deemed
statistically significant. For continuous variables having
a normal distribution, we used the Pearson correlation
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coefficient; for variables with a non-normal distribu-
tion, we used Spearman’s rank correlation coefficient.
By using ROC curve analysis, the optimal cut-off value
for the average PFT to predict the outcome of CTO-PCI
was found. Independent mortality predictors were found
using Cox regression analysis; the results are shown as
hazard ratios (HRs) and 95% confidence intervals (Cls).
The Kaplan-Meier method was used for survival analy-
sis, and log-rank tests were used to evaluate variations
in survival parameters.

Results

The study included 415 patients, with a mean age of
62.8 £10.2 years, and 30.6% were female. Initially, pa-
tients were stratified into three groups based on CAG
results. The medically managed group was classified as
‘normal,” the non-CTO-PCI group as the ‘PCl (non-CTO)
group,” and patients with chronic total occlusions (CTO)
who underwent PCl as the ‘CTO-PCI group.” Table | sum-
marizes these three groups’ demographic, clinical, and CT
coronary angiogram characteristics. No significant differ-
ences were noted in gender, age, smoking, or chronic ob-
structive pulmonary disease among the groups. However,
notable differences were observed in diabetes mellitus
(19 (13.6) vs. 33 (23.7) vs. 47 (34.6), p < 0.001), hyperten-
sion (49 (35) vs. 63 (45.3) vs. 68 (50), p = 0.036), dyslip-
idemia (16 (11.4) vs. 22 (15.8) vs. 42 (30.9), p < 0.001),
left ventricle ejection fraction (LVEF) (61 (55-67) vs. 60
(30-65) vs. 55 (20-65), p < 0.001), fasting blood glu-
cose (101 (73-318) vs. 107 (74-359) vs. 116 (69-564),
p < 0.001), creatinine (0.9 (0.5-1.5) vs. 0.9 (0.6-1.9) vs.
1 (0.7-5.7), p < 0.001), high-density lipoprotein cholester-
ol (HDL-C) (45 (25-81) vs. 42 (25-86) vs. 40 (18-98), p <
0.001), hemoglobin (13.8 +1.6 vs. 13.4 +1.7 vs. 12.7 +2,
p < 0.001), C-reactive protein (CRP) (2 (0.1-17.5) vs. 2.5
(0.1-15) vs. 3.5 (0.1-104), p < 0.001), albumin (4.1 +0.2
vs. 4.1 £0.3 vs. 3.9 0.3, p < 0.001), LAD-PFT (6.4 +1.7
vs. 7.1 £1.6 vs. 6.9 1.8, p = 0.001), LCx-PFT (12.4 +2.1
vs. 13.4 +2 vs. 15.1 #1.8, p < 0.001), RCA-PFT (14.8 +2.5
vs. 16.3 +2.6 vs. 18.3 +3.2, p < 0.001), and average PFT
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Table I. Baseline characteristics of patients according to the coronary angiogram result

Parameter Normal PCI (non-CTO) CTO-PCI Total P-value
(n = 140) (n=139) (n=136) (n = 415)
Age 62 +10 63 19 63 +11 62.8 +10.2 0.40
Gender (female), n (%) 49 (35) 39 (28.1) 39 (28.7) 127 (30.6) 0.38
Smoking, n (%) 35 (25) 31(22.3) 33 (24.3) 99 (23.9) 0.86
Diabetes mellitus, n (%) 19 (13.6) 33 (23.7) 47 (34.6) 99 (23.9) < 0.001
Hypertension, n (%) 49 (35) 63 (45.3) 68 (50) 180 (43.5) 0.036
Dyslipidemia, n (%) 16 (11.4) 22 (15.8) 42 (30.9) 80 (19.3) < 0.001
Chronic obstructive pulmonary disease, n (%) 25 (17.9) 22 (15.8) 23 (16.9) 70 (16.9) 0.90
Left ventricular ejection fraction, % 61 (55-67) 60 (30-65) 55 (20-65) 60 (20-67) < 0.001
Fasting blood glucose [mg/dl] 101 (73-318) 107 (74-359) 116 (69-564) 107 (69-564) < 0.001
Creatinine [mg/dl] 0.9 (0.5-1.5) 0.9 (0.6-1.9) 1(0.7-5.7) 0.9 (0.5-5.7) < 0.001
Total cholesterol [mg/dl] 189 +42 191.1+£52.5 169.5 +41.8 183.5 +46.9 < 0.001
LDL-C [mg/dl] 113.5 +31.6 113.7 +37 105.3 +33.9 111 +34.4 0.06
HDL-C [mg/dl] 45 (25-81) 42 (25-86) 40 (18-98) 42 (18-98) < 0.001
Triglyceride [mg/dl] 125 (48-611) 131 (54-737) 148.3 +62.4 126 (48-737) 0.24
Hemoglobin [mg/dl] 13.8 1.6 13.4+1.7 12.7 +2 13.3+1.8 < 0.001
CRP [mg/dl] 2 (0.1-17.5) 2.5 (0.1-15) 3.5 (0.1-104) 2.6 (0.1-104) < 0.001
Albumin [g/dl] 4.1+0.2 4.1+0.3 3.9 +0.3 4+0.3 < 0.001
LAD-PFT [mm] 6.4 +1.7 7.1+1.6 6.9 +1.8 6.8 £1.7 0.001
LCx-PFT [mm] 124 +2.1 13.4 +2 15.1+1.8 13.6 2.3 < 0.001
RCA-PFT [mm] 14.8 2.5 16.3 £2.6 18.3 £3.2 16.4 +3.1 < 0.001
Average PFT [mm] 11.2 +1.6 12.3+1.5 13.4 1.7 12.3 +1.8 < 0.001

PCI — percutaneous coronary intervention, CTO-PCl — chronic total occlusion percutaneous coronary intervention, LDL-C — low-density lipoprotein cholesterol, HDL-C
— high-density lipoprotein cholesterol, CRP — C-reactive protein, LAD-PFT — left anterior descending artery pericoronary fat thickness, LCx-PFT — left circumflex artery
pericoronary fat thickness, RCA-PFT — right coronary artery pericoronary fat thickness.

(11.2 £1.6 vs. 12.3 +1.5 vs. 13.4 +1.7, p < 0.001) among
the groups.

Post hoc analysis assessed significant differences
between the groups, with Bonferroni correction applied
to adjust the new p-values, setting the significance limit
at 0.016. Regarding hemoglobin levels, a significant dif-
ference was observed only between the normal group
and the CTO-PCI group (p < 0.001), with no significant
differences between the CTO-PCl and PCl (non-CTO)
group or between the PCl (non-CTO) and normal group
(p =0.022 and p = 0.123, respectively). In terms of albu-
min levels, significant differences were noted between
the CTO-PCl and normal group, as well as between the
CTO-PCI and normal group (p < 0.001 for both), while
no significant difference was found between the nor-
mal and PCl (non-CTO) groups (p = 0.737). For LAD-PFT,
significant differences were observed only between
the PCl (non-CTO) and normal group (p = 0.001), but
not between the CTO-PCl and PCl (non-CTO) groups
(p = 0.580), and normal and CTO-PCI groups (p = 0.028).
Significant differences were found in LCx-PFT and RCA-
PFT between all groups (p < 0.001 for all comparisons).
Regarding average PFT, significant differences were ob-
served between the CTO-PCI and PCI (non-CTO) groups,
between the CTO-PCI and normal groups, and between
the PCI (non-CTO) and normal groups (p < 0.001 for all
comparisons).
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This study further stratified patients into two groups
based on their survival status. Over a median follow-up
period of 16.6 £10.3 months, the CTO-PCI group exhibit-
ed a mortality rate of 13.9%. Table || summarizes these
study groups’ demographic, clinical, and CT coronary an-
giogram characteristics. Notably, no significant differenc-
es were observed in gender, age, smoking status, pres-
ence of diabetes mellitus, hypertension, dyslipidemia,
chronic obstructive pulmonary disease, history of unsuc-
cessful procedures, prior CABG, or the target CTO ves-
sel between the two groups. However, the non-survival
group displayed distinct characteristics compared to the
survival group. Specifically, individuals in the non-surviv-
al group had a significantly lower LVEF (42 +13 vs. 53
+10, p < 0.001) and higher scores on the J-CTO score
(1.9 £0.9 vs. 1.3 #1, p = 0.015), EuroCTO (CASTLE) score
(2.9 £0.9 vs. 1.7 £0.9, p < 0.001), and PROGRESS-CTO
score (1.8 1.4 vs. 1.1 +1, p = 0.048). Laboratory parame-
ters further distinguished the non-survival group, reveal-
ing significantly lower levels of hemoglobin and albumin
compared to the survival group. In terms of CT coronary
angiogram evaluation, the non-survival group exhibited
higher values for RCA-PFT (21.2 4.1 vs. 17.7 £2.7, p =
0.002) and average PFT (14.5 +2 vs. 13.2 1.5, p = 0.013).

A receiver operating characteristic (ROC) curve analy-
sis was performed to predict mortality, yielding an average
PFT cut-off value of 13.6 mm, with a sensitivity of 68.4%
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Table II. Baseline characteristics of CTO-PCI patients according to survival status

Parameter Non-survivors Survivors Total P-value
(n = 19) (n=117) (n = 136)

Age 67 +13 62 +11 63 +11 0.07
Gender (female), n (%) 7 (36.8) 32 (27.4) 39 (28.7) 0.39
Smoking, n (%) 4 (21.1) 29 (24.8) 33 (24.3) 0.94
Diabetes mellitus, n (%) 6 (31.6) 41 (35) 47 (34.6) 0.76
Hypertension, n (%) 6 (31.6) 62 (53) 68 (50) 0.08
Dyslipidemia, n (%) 3(15.8) 39 (33.3) 42 (30.9) 0.12
Chronic obstructive pulmonary disease, n (%) 4 (21.1) 19 (16.2) 23 (16.9) 0.74
Unsuccessful procedure, n (%) 3 (15.8) 14 (12) 17 (12.5) 0.70
Prior CABG, n (%) 6 (31.6) 24 (20.5) 30 (22.1) 0.36
CTO vessel, n (%):

LAD 4 (21.1) 30 (25.6) 34 (25) 0.78

LCx 5(26.3) 31 (26.5) 36 (26.5) 0.98

RCA 10 (52.6) 56 (47.9) 66 (48.5) 0.70
Left ventricular ejection fraction, % 42 +13 53 +10 51+11 < 0.001
J-CTO score 1.9 +0.9 13 +1 1.4 +1 0.015
EuroCTO (CASTLE) score 2.9+0.9 1.7 +0.9 1.9 +1 < 0.001
PROGRESS-CTO score 1.8+1.4 1141 1.2 £1.1 0.048
Fasting blood glucose [mg/dl] 130 (79-396) 116 (69-564) 116 (69-564) 0.54
Creatinine [mg/dl] 1.1 (0.7-5.1) 1(0.7-5.7) 1(0.7-5.7) 0.034
Total cholesterol [mg/dl] 158.4 +43.5 1713 +41.4 169.5 +41.8 0.21
LDL-C [mg/dl] 100 +40 106 +33 105.3 +34 0.47
HDL-C [mg/dl] 38 (22-49) 40 (18-98) 40 (18-98) 0.36
Triglyceride [mg/dl] 139 +51 150 +64 148.3 +62.4 0.48
Hemoglobin [g/dl] 11.5 2.1 12.9 1.9 12.7 +2 0.005
CRP [mg/dl] 5.7 (0.8-104) 3.4 (0.1-79) 3.5 (0.1-104) 0.22
Albumin [g/dl] 3.5+0.4 3.9+0.3 3.9+04 0.001
LAD-PFT [mm] 7.1+1.7 6.9 +1.8 6.9 +1.8 0.62
LCx-PFT [mm] 15.3+2.1 15 +1.8 15.1+1.8 0.56
RCA-PFT [mm] 21.2 +4.1 17.7 2.7 18.2 +3.2 0.002
Average-PFT [mm] 14.5 +2 13.2 1.5 13.4 £1.7 0.013
Follow-up [months] 6.5 +5 18.3+9.8 16.6 +10.3 < 0.001

CTO-PCI — chronic total occlusion percutaneous coronary intervention, CABG — coronary artery bypass graft surgery, J-CTO — Multicenter Chronic Total Occlusion
Registry of Japan, CASTLE — Coronary artery bypass graft history, Age (= 70 years), Stump anatomy (blunt or invisible), Tortuosity degree (severe or unseen), Length
of occlusion (= 20 mm), and Extent of calcification (severe), PROGRESS-CTO — Prospective Global Registry for the Study of Chronic Total Occlusion Intervention, LDL-C
— low-density lipoprotein cholesterol, HDL-C — high-density lipoprotein cholesterol, CRP — C-reactive protein, LAD-PFT — left anterior descending artery pericoronary
fat thickness, LCx-PFT — left circumflex artery pericoronary fat thickness, RCA-PFT —right coronary artery pericoronary fat thickness.

and specificity of 72.6% (AUC = 0.682, 95% Cl: 0.528-
0.835, p = 0.011) (Figure 2). Table Ill provides a com-
prehensive summary of the study groups’ demographic,
clinical, and CT coronary angiogram characteristics based
on average PFT (average PFT > 13.6 mm vs. average PFT
< 13.6 mm). Notably, the group with higher average PFT
demonstrated significantly higher J-CTO score and total
cholesterol level, and lower hemoglobin levels.

Table IV summarizes the results of both univariable
and multivariable Cox regression analyses for mortali-
ty-related factors. Additionally, Kaplan-Meier analysis was
performed to evaluate outcomes based on average PFT.
The table highlights significant associations with mortal-
ity for LVEF (HR = 0.938; 95% Cl: 0.901-0.975; p = 0.001),
albumin (HR = 0.189; 95% Cl: 0.058-0.617; p = 0.006),

Advances in Interventional Cardiology 2024; 20, 3 (77)

and average PFT (HR = 1.252; 95% Cl: 1.010-1.552; p =
0.040). Moreover, Kaplan-Meier curves demonstrate no-
table differences in mortality associated with an elevated
average PFT (p = 0.001) (Figure 3).

Discussion

The primary objective of our study was to investigate
the correlation between PFT and long-term mortality fol-
lowing CTO-PCI. Our results revealed a significant associ-
ation between elevated average PFT, as observed and eas-
ily measured in CT coronary angiograms, and increased
mortality. This underscores the potential utility of PFT as
a prognostic marker in patients undergoing CTO-PCI.

Chronic total occlusion (CTO) PCl has traditional-
ly faced intense scrutiny due to its greater procedural
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Figure 2. ROC curve analysis was performed to de-
termine the optimal cut-off value of average PFT

complexity, lower success rates, and higher complica-
tion rates compared to non-CTO-PCl [6]. At the same
time, significant progress has been made over the last
decade to enhance success rates and safety margins.
However, the factors influencing the long-term progno-
sis of CTO-PCI remain unclear, with limited research in
this area. Several observational studies have previously
noted a link between unsuccessful CTO-PCl and poorer
long-term clinical outcomes, including elevated mortality
rates [22—24]. The worse outcomes in the unsuccessful
group could be attributed to more severe coronary heart
disease or the potential adverse effects resulting from
the intervention attempts. However, some studies have
indicated that successful CTO-PCl, compared to failed
PCl, does not necessarily translate to a reduced mortality
risk [25-27]. It is important to note that many of these
findings in the literature are derived from observational
studies, which may introduce confounding factors. In our
study we observed higher all-cause mortality in patients
with unsuccessful CTO-PCI, although this difference did

Table lIl. Baseline characteristics of patients based on average pericoronary fat thickness cut-off

Parameter Average-PFT > 13.6 mm  Average-PFT < 13.6 mm Total P-value
(n = 45) (n=91) (n=136)

Age 65 +12 62 +11 63 +11 0.06
Gender (female), n (%) 14 (31.1) 25 (27.5) 39 (28.7) 0.65
Smoking, n (%) 7 (15.6) 26 (28.6) 33 (24.3) 0.09
Diabetes mellitus, n (%) 16 (35.6) 31 (34.1) 47 (34.6) 0.86
Hypertension, n (%) 22 (48.9) 46 (50.5) 68 (50) 0.85
Dyslipidemia, n (%) 17 (37.8) 25 (27.5) 42 (30.9) 0.22
Chronic obstructive pulmonary disease, n (%) 7 (15.6) 16 (17.6) 23 (16.9) 0.76
Unsuccessful procedure, n (%) 8 (17.8) 9 (9.9) 17 (12.5) 0.19
Prior CABG, n (%) 11 (24.4) 19 (20.9) 30 (22.1) 0.63
CTO vessel, n (%):

LAD 17 (37.8) 17 (18.7) 34 (25) 0.016

LCx 12 (26.7) 24 (26.4) 36 (26.5) 0.97

RCA 16 (35.6) 50 (54.9) 66 (48.5) 0.033
Left ventricular ejection fraction, % 49 +12 52.7 +10 51+11 0.09
J-CTO score 1.7 £1 13+1 1.4 +1 0.030
EuroCTO (CASTLE) score 2.1+1 1.7 +1 1.9 +1 0.05
PROGRESS-CTO score 12 +1 1.1+1 1.2 +1.1 0.62
Fasting blood glucose [mg/dl] 117 (79-564) 116 (69-396) 116 (69-564) 0.40
Creatinine [mg/dl] 1(0.7-5.1) 1(0.7-5.7) 1(0.7-5.7) 0.17
Total cholesterol [mg/dl] 158 +42.7 175.2 +40.3 169.5 +41.8 0.023
LDL-C [mg/dl] 98.3+35.1 108.8 £33 105.3 +34 0.08
HDL-C [mg/dl] 40 (26-69) 40 (18-98) 40 (18-98) 0.43
Triglyceride [mg/dl] 137.2 +56.1 153.8 65 1483 +62.4 0.14
Hemoglobin [g/dl] 122421 13.1+2 12.7 +2 0.017
CRP [mg/dl] 3.6 (0.7-104) 3.5 (0.1-33) 3.5 (0.1-104) 0.23
Albumin [g/dl] 3.8 +0.4 3.9 +0.4 3.9+0.4 0.07

PFT — pericoronary fat thickness, CABG — coronary artery bypass graft surgery, CTO — chronic total occlusion, LAD — left anterior descending artery, LCx — left
circumflex artery, RCA — right coronary artery, J-CTO — Multicenter Chronic Total Occlusion Registry of Japan, CASTLE — Coronary artery bypass graft history,
Age (> 70 years), Stump anatomy (blunt or invisible), Tortuosity degree (severe or unseen), Length of occlusion (= 20 mm), and Extent of calcification (severe),
PROGRESS-CTO — Prospective Global Registry for the Study of Chronic Total Occlusion Intervention, LDL-C —low-density lipoprotein cholesterol, HDL-C — high-density

lipoprotein cholesterol, CRP — C-reactive protein.
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Table IV. Independent predictors of mortality in Cox regression analysis and the effect of average PFT

Univariable P-value HR 95% Cl Multivariable P-value HR 95% Cl
Lower Upper Lower Upper
LVEF 0.001 0.942 0.911 0.975 LVEF 0.001 0.938 0.901 0.975
Hemoglobin [g/dl] 0.006 0.718 0.566 0.910 = = = = =
Albumin [g/dl] < 0.001 0.098 0.034 0.285 Albumin [g/dl] 0.006 0.189 0.058 0.617
Average-PFT 0.004 1.367 1.102 1.696 Average-PFT 0.040 1.252 1.010 1.552

LVEF - left ventricular ejection fraction, PFT — pericoronary fat thickness.

not reach statistical significance. This uncertain result
underscores the complex interplay of factors influencing
the long-term prognosis in CTO-PCl and highlights the
need for further research to understand better these dy-
namics and potential determinants of patient outcomes
in this specific context. Furthermore, acknowledging that
the full scope of the benefits from successful CTO-PCI
cannot be adequately understood by merely comparing
outcomes of successful versus failed procedures under-
scores the need for randomized comparative studies.
Adipose tissue, distributed throughout the human
body, serves as an energy storage site and provides in-
sulation to tissues and organs. Over the past decades,
its pivotal role in endocrine signaling has gained recogni-
tion. Adipose tissue exists in diverse forms, encompass-
ing white, brown, and beige fat, and can be classified into
subcutaneous adipose tissue and visceral adipose tissue
(VAT), distinguishing them by their metabolic properties
and anatomical locations [28]. VAT, a hormonally active
component, produces molecules and hormones that im-
pact normal and pathological processes, both locally and
systematically. In conditions such as obesity, an accumu-
lation of VAT, including epicardial adipose tissue (EAT)
located between the myocardium and the visceral layer
of the pericardium and covering 80% of the cardiac sur-
face, may contribute to comorbidities such as diabetes
and atherosclerosis [29]. EAT, in direct contact with the
myocardium, releases factors with a paracrine effect on
cardiomyocytes and is implicated in CAD development
[30]. Studies suggest that dysfunctional EAT is associat-
ed with coronary inflammation and plaque severity, em-
phasizing its role in plaque vulnerability [31]. Although
standardized recommendations for measuring EAT are
lacking, PFT is increasingly recognized as a specific im-
aging marker for coronary inflammation. PFT specifically
denotes adipose tissue within the EAT depot surrounding
coronary arteries, closely interacting with adjacent coro-
nary arteries [16, 17]. Pericoronary fat, the adipose tissue
surrounding coronary arteries, is metabolically active and
can produce pro-inflammatory cytokines that exacerbate
local inflammation. Increased PFT is associated with
higher levels of local inflammation, which contributes to
the progression and instability of atherosclerotic plaques.
This relationship is supported by imaging studies show-
ing that greater PFT correlates with markers of coronary
inflammation. Studies have shown that increased PFT is

Advances in Interventional Cardiology 2024; 20, 3 (77)

1.0 4

0.8 4

o
[e)}
1

Survival probability
(@)
=

o
N
1

p = 0.001 (log rank)

T T T T T
0 10 20 30 40
Time [months]
—— Average-PFT>13.6 mm  —— Average-PFT < 13.6 mm
Number at risk
Average-PFT > 13.6 mm

40 29 15 3 0
Average-PFT < 13.6 mm
90 66 35 8 0

Figure 3. With increased average PFT, Kaplan-Mei-
er curves showed significant differences in surviv-
al after CTO-PCI

associated with a higher risk of major adverse cardiovas-
cular events (MACE) and mortality. For instance, research
by Mahabadi et al. demonstrated that higher epicardial
fat volume, which includes pericoronary fat, is linked to
an increased risk of coronary artery disease and mor-
tality, independent of traditional risk factors [32]. Simi-
larly, a study by Goeller et al. found that PFT, measured
by coronary computed tomography angiography (CCTA),
predicts the progression of coronary artery disease and
adverse cardiac events [10].

Thickness, volume, and attenuation are the three
measurement techniques that have been used in the
literature for the CT evaluation of PFT [33]. One often
used metric for PFT measurement is the thickness of the
adipose tissue surrounding the coronary artery. In ordi-
nary clinical practice, the maximal width of EAT around
the proximal coronary artery is often estimated using
cross-sectional CT images, which is a simple and effec-
tive approach. Elevated EAT thickness was described in
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CAD by Xie et al., with a substantial increase noted as
CAD severity increased [34]. In 80 patients evaluated by
CT coronary angiography, Ga¢ et al. found a positive con-
nection between severe CAD, EAT thickness, and PFT [35].
Several studies have consistently shown a correlation be-
tween EAT thickness, PFT, and obstructive CAD [36, 37].
These investigations commonly utilized CT coronary an-
giography as the primary imaging technique. Although
various methods have been employed for both EAT and
PFT measurements in CT coronary angiography, direct
measurement of adipose tissue around all three coronary
arteries has been frequently utilized [35-37]. Our study
adopted a similar approach. We measured average PFT
and analyzed the average thickness of the pericoronary
fat around the three coronary arteries, exploring its asso-
ciation with survival after CTO-PCI.

Ultimately, the parameters to predict prognosis af-
ter CTO-PCI have not yet come to light. In light of the
current literature, no explicit parameter has been found
to determine prognosis other than successful CTO-PCI.
Our hypothesis is grounded in the fact that inflamma-
tion is a pivotal factor in determining the prognosis
after CTO-PCI. Therefore, we sought to assess whether
the measurement of PFT, considered a crucial marker of
coronary inflammation, through CT coronary angiogra-
phy, could serve as a determinant of prognosis follow-
ing CTO-PCI.

Limitations of the study. It is important to acknow!-
edge some inherent limitations of our research. First,
there may have been selection bias due to the retrospec-
tive methodology and the small sample size, which lim-
ited the findings’ wider applicability. Our findings need
to be confirmed and expanded upon in larger prospec-
tive cohort studies in the future. Secondly, while direct
measurement of pericoronary fat is straightforward and
feasible, employing digital software for a more detailed
assessment of EAT volume could offer enhanced insights
into inflammation. Thirdly, the follow-up period has
a quite wide spread. Lastly, we calculated PFT using man-
ual measurements; however, we reduced the possibility
of bias by following a strict protocol and regularly using
digital zoom to improve measurement accuracy.

Conclusions

Our study underscores the significance of coronary
artery inflammation in predicting the prognosis of CTO-
PCl. The measurement of PFT through CT coronary angi-
ography has emerged as a rapid, simple, and easily ap-
plicable method in routine clinical practice. Particularly,
the assessment of average PFT holds promise as an addi-
tional diagnostic tool for determining CTO-PCl prognosis.

A definitive parameter to ascertain the long-term
prognosis of CTO-PCl remains elusive, with limited stud-
ies addressing this aspect in the existing literature. While
the association of inflammation with coronary artery
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disease is well established, its impact on outcomes fol-
lowing CTO-PCI remains largely unexplored. In our study,
we ventured into uncharted territory by investigating, for
the first time in the literature, the influence of PFT, an
inflammation marker, on the prognosis of CTO-PCI. Nev-
ertheless, more investigation is necessary to confirm and
clarify the molecular basis of these correlations.

Funding

No external funding.

Ethical approval
Not applicable.

Conflict of interest
The authors declare no conflict of interest.

References

1. GBD DALYs and HALE Collaborators. Global, regional, and na-
tional disability adjusted life-years (DALYs) for 333 diseases and
injuries and healthy life expectancy (HALE) for 195 countries
and territories, 1990-2016: a systematic analysis for the Global
Burden of Disease Study 2016. Lancet 2017; 390: 1260-344.

2. Fefer B Knudtson ML, Cheema AN, et al. Current perspectives
on coronary chronic total occlusions: the Canadian Multicenter
Chronic Total Occlusions Registry. J Am Coll Cardiol 2012; 59:
991-7.

3. Jeroudi OM, Alomar ME, Michael TT, et al. Prevalence and manage-
ment of coronary chronic total occlusions in a tertiary veterans
affairs hospital. Catheter Cardiovasc Interv 2014; 84: 637-43.

4. Young MN, Secemsky EA, Kaltenbach LA, et al. Examining the
operator learning curve for percutaneous coronary intervention
of chronic total occlusions. Circ Cardiovasc Interv 2019; 12:
e007877.

5. Brilakis ES, Banerjee S, Karmpaliotis D, et al. Procedural out-
comes of chronic total occlusion percutaneous coronary inter-
vention: a report from the NCDR (National Cardiovascular Data
Registry). JACC Cardiovasc Interv 2015; 8: 245-53.

6. Azzalini L, Karmpaliotis D, Santiago R, et al. Contemporary issues
in chronic total occlusion percutaneous coronary intervention.
JACC Cardiovasc Interv 2022; 15: 1-21.

7. Sapontis J, Salisbury AC, Yeh RW, et al. Early procedural and
health status outcomes after chronic total occlusion angio-
plasty: a report from the OPEN-CTO registry (Outcomes, Patient
Health Status, and Efficiency in Chronic Total Occlusion Hybrid
Procedures). JACC Cardiovasc Interv 2017; 10: 1523-34.

8. Hansson GK. Inflammation, atherosclerosis, and coronary artery
disease. N Engl ) Med 2005; 352: 1685-95.

9. Antoniades C, Antonopoulos AS, Deanfield J. Imaging residual
inflammatory cardiovascular risk. Eur Heart J 2020; 41: 748-58.

10. Goeller M, Achenbach S, Duncker H, et al. Imaging of the peri-
coronary adipose tissue (PCAT) using cardiac computed tomog-
raphy: modern clinical implications. J Thorac Imaging 2021; 36:
149-61.

11. Libby B Ridker PM, Maseri A. Inflammation and atherosclerosis.
Circulation 2002; 105: 1135-43.

12. Berg AH, Scherer PE. Adipose tissue, inflammation, and cardio-
vascular disease. Circ Res 2005; 96: 939-49.

Advances in Interventional Cardiology 2024; 20, 3 (77)



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Mazurek T, Zhang L, Zalewski A, et al. Human epicardial adipose
tissue is a source of inflammatory mediators. Circulation 2003;
108: 2460-6.

Baker AR, Silva NF Quinn DW, et al. Human epicardial adipose
tissue expresses a pathogenic profile of adipocytokines in pa-
tients with cardiovascular disease. Cardiovasc Diabetol 2006;
5: 1.

Nerlekar N, Baey YW, Brown AJ, et al. Poor correlation, reproduc-
ibility, and agreement between volumetric versus linear epicar-
dial adipose tissue measurement: a 3D computed tomography
versus 2D echocardiography comparison. JACC Cardiovasc Imag-
ing 2018; 11: 1035-6.

Honold S, Wildauer M, Beyer C, et al. Reciprocal communica-
tion of pericoronary adipose tissue and coronary atherogenesis.
Eur J Radiol 2021; 136: 109531.

Akoumianakis |, Antoniades C. The interplay between adipose
tissue and the cardiovascular system: is fat always bad? Cardio-
vasc Res 2017; 113: 999-1008.

Morino Y, Abe M, Morimoto T, et al.; J-CTO Registry Investiga-
tors. Predicting successful guidewire crossing through chronic
total occlusion of native coronary lesions within 30 minutes: the
J-CTO (Multicenter CTO Registry in Japan) score as a difficulty
grading and time assessment tool. JACC Cardiovasc Interv 2011;
4:213-21.

Alessandrino G, Chevalier B, Lefevre T, et al. A clinical and angio-
graphic scoring system to predict the probability of successful
first-attempt percutaneous coronary intervention in patients
with total chronic coronary occlusion. JACC Cardiovasc Interv
2015; 8: 1540-8.

Christopoulos G, Kandzari DE, Yeh RW, et al. Development and
validation of a novel scoring system for predicting technical
success of chronic total occlusion percutaneous coronary inter-
ventions: the PROGRESS CTO (Prospective Global Registry for
the Study of Chronic Total Occlusion Intervention) Score. JACC
Cardiovasc Interv 2016; 9: 1-9.

Gorter PM, de Vos AM, van der Graaf Y, et al. Relation of epicar-
dial and pericoronary fat to coronary atherosclerosis and coro-
nary artery calcium in patients undergoing coronary angiogra-
phy. Am J Cardiol 2008; 102: 380-5.

Toma A, Gick M, Minners J, et al. Survival after percutaneous
coronary intervention for chronic total occlusion. Clin Res Car-
diol 2016; 105: 921-9.

Khan MF, Wendel CS, Thai HM, et al. Effects of percutaneous re-
vascularization of chronic total occlusions on clinical outcomes:
a meta-analysis comparing successful versus failed percutane-
ous intervention for chronic total occlusion. Catheter Cardiovasc
Interv 2013; 82: 95-107.

Christakopoulos GE, Christopoulos G, Carlino M, et al. Me-
ta-analysis of clinical outcomes of patients who underwent per-
cutaneous coronary interventions for chronic total occlusions.
Am ] Cardiol 2015; 115: 1367-75.

Lee PH, Lee SW, Park HS, et al. Successful recanalization of
native coronary chronic total occlusion is not associated with
improved long-term survival. JACC Cardiovasc Interv 2016; 9:
530-8.

Park JB Han S, Sung KC, et al. Seven-year clinical outcomes of
successful versus failed revascularization using drug-eluting
stents for the treatment of coronary chronic total occlusion.
J Invasive Cardiol 2016; 28: 229-36.

Winther NS, Holck EN, Mogensen LJH, et al. Early and long-
term prognosis in patients with remaining chronic total occlu-

Advances in Interventional Cardiology 2024; 20, 3 (77)

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Aziz Inan Celik et al. Pericoronary fat and CTO PCl outcomes

sions after revascularization attempt. A cohort study from the
SKEJ-CTO registry. Scand Cardiovasc J 2023; 57: 17-24.

Shuster A, Patlas M, Pinthus JH, et al. The clinical importance
of visceral adiposity: a critical review of methods for visceral
adipose tissue analysis. Br J Radiol 2012; 85: 1-10.

Ansaldo AM, Montecucco F Sahebkar A, et al. Epicardial ad-
ipose tissue and cardiovascular diseases. Int J Cardiol 2019;
278: 254-60.

Cherian S, Lopaschuk GD, Carvalho E. Cellular cross-talk be-
tween epicardial adipose tissue and myocardium in relation to
the pathogenesis of cardiovascular disease. Am J Physiol Endo-
crinol Metab 2012; 303: 937-49.

Park JS, Choi SY, Zheng M, et al. Epicardial adipose tissue thick-
ness is a predictor for plaque vulnerability in patients with
significant coronary artery disease. Atherosclerosis 2013; 226:
134-9.

Mahabadi AA, Lehmann N, Kélsch H, et al. Association of epicar-
dial adipose tissue with progression of coronary artery calcifica-
tion is more pronounced in the early phase of atherosclerosis:
results from the Heinz Nixdorf recall study. JACC Cardiovasc Im-
aging 2014; 7: 909-16.

Qi XY, Qu SL, Xiong WH, et al. Perivascular adipose tissue (PVAT)
in atherosclerosis: a double-edged sword. Cardiovasc Diabetol
2018; 17: 134.

Xie Z, Zhu ), Li W, et al. Relationship of epicardial fat volume with
coronary plaque characteristics, coronary artery calcification
score, coronary stenosis, and CT-FFR for lesion-specific ischemia
in patients with known or suspected coronary artery disease. Int
J Cardiol 2021; 332: 8-14.

Gac B Macek B Poreba M, et al. Thickness of epicardial and peri-
coronary adipose tissue measured using 128-slice MSCT as pre-
dictors for risk of significant coronary artery diseases. Ir J Med
Sci 2021; 190: 555-66.

Samy NI, Fakhry M, Farid W. Relation between epicardial adi-
pose tissue thickness assessed by multidetector computed to-
mography and significance of coronary artery disease. World
J Cardiovasc Dis 2020; 10: 91-101.

Demircelik MB, Yilmaz OC, Gurel OM, et al. Epicardial adipose
tissue and pericoronary fat thickness measured with 64-mul-
tidetector computed tomography: potential predictors of the
severity of coronary artery disease. Clinics (Sao Paulo) 2014; 69:
388-92.

293



