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ABSTRACT 

Objective: To study the differences in characteristics of Chronic Totally Occluded coronary artery lesions on computed 
tomography angiography in patients with and without prior Coronary Artery Bypass Graft.  
Study Design: Comparative cross-sectional Study. 
Place and Duration of Study: Armed Forces Institute of Cardiology/National Institute of Heart Diseases, Rawalpindi 
Pakistan, from Feb to Jul 2023. 
Methodology: The study included ninety six patients, with 48 patients in each group (prior CABG and non-CABG). Patients 
presenting with chest pain and having Chronic Totally Occluded lesions on Computed Tomography Angiography were 
selected using non-probability consecutive sampling. Data was analyzed using SPSS-23:00. Chi-square test was applied to find 
the association of lesion characteristics in study groups and level of significance was taken ˂0.05.  
Results: This study analyzed the characteristics of lesions in different target vessels among n= 96 patients, with 74(77.1%) 
being males and 22(22.9%) females. The mean age was 61.98±8.04 years. No statistically significant distinctions in the 
distribution of target vessels were observed when comparing the two groups. (p=0.48). However, osteal lesions had higher 
prevalence in the CABG group 20(41.7%) (p=0.04). The presence of blunt stump [21(43.8) vs 18(37.5); p=0.67] and calcification 
[(20(41.7%) vs 21(43.8%), p=1.00)] had no significant divergence between CABG and non-CABG groups. Bending was more 
common in the CABG group 17(35.4%) (p=0.002). In the CABG group, a higher occurrence of a side branch at the proximal cap 
22(45.8%) (p=0.01) as well as a distal cap at the bifurcation 20(41.7%) (p<0.001), was noted. 
Conclusion: Chronic Totally Occluded lesions were more intricate in prior CABG patients, posing greater challenges for 
recanalization. 
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INTRODUCTION 

Chronic Total Occlusion (CTO) refers to a 
coronary artery that is entirely blocked, lacking 
antegrade flow, denoted as Thrombolysis in Myo-
cardial Infarction (TIMI) 0 flow, that persists for 3 
months or more. CTO Percutaneous Coronary 
Intervention (PCI) is a complex procedure with risks 
of complications hence only 10-15% of patients 
undergo PCI for CTO and a large number are treated 
with coronary artery bypass graft (CABG) surgery.1-3 

However, it is noted that CABG itself accelerates 
the process of coronary artery atherosclerosis in native 
vessels and this can lead to a new native vessel CTO 
formation in up to 43% of patients as early as 1-year 
post-CABG surgery.4 Native artery CTO occurs in post 
CABG patients at a higher rate of 54%, compared to 

patients without a history of CABG.5 Furthermore, 
undergoing a repeat CABG surgery is linked to 
unfavorable long-term results when compared to the 
initial CABG procedure. Add-itionally, performing 
PCI on vein grafts is connected to elevated rates of 
failure.6-8 

Several experts have identified previous CABG 
serving as an indicator of technical failure in CTO 
cases PCI.9 Examination of CTO lesions through 
pathological analysis in patients with prior CABG has 
unveiled higher levels of inflammation, fibrosis, cal-
cification, and adverse remodeling compared to 
patients who haven't undergone CABG. Con-
sequently, previous CABG has been in-corporated as a 
risk determinant for procedural technical failure 
within the scoring system known as the Registry of 
Cross Boss and Hybrid Procedures in France, the 
Nether-lands, Belgium, and the United Kingdom 
(RECHARGE) score.9 
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Owing to the remarkable progress in reva-
scularization techniques over the past decade, the rate 
of success in CTO PCI procedures by experienced 
operators is as high as 90%10 but this is true for 
patients without prior CABG. Due to the complex 
atherosclerotic pathology of native vessels in post-
CABG patients, CTO PCI is challenging with a 
relatively higher failure rate. 

By defining the differences in characteristics of 
CTO lesions in our study population, we can 
determine the challenges during the PCI of CTO 
lesions, which could enhance the success rate of future 
CTO PCI endeavors. There is no local data available 
and literature is scarce on this subject. Therefore, the 
current study aimed to investigate the lesion 
characteristics of chronic totally occluded coronary 
arteries on computed tomography angiography (CTA) 
among patients with and without a history of previous 
CABG. 

METHODOLOGY 

This study represents a Comparative Cross-
sectional investigation carried out at Armed Forces 
Institute of Cardiology/National Institute of Heart 
Diseases, Rawalpindi Pakistan after approval from the 
Institutional Ethical Review Board (IERB) (letter# 
9/2/R&D/2023/242) from February to July 2023.  

Sample size of n=12 for each study group was 
calculated by two group method using 24.9% and 
75.1% prior CABG and Non-CABG status in CTO 
patients respectively by keeping 95% confidence 
interval and a 5% margin of error. However, we had 
collected data from n=96 participants with 48 patients 
in each group (prior CABG and non-CABG).11 

Inclusion Criteria: All patients of age 18-80 years with 
either gender presenting with chest pain and having 
CTO lesions on CT angiography with or without prior 
CABG. 

Exclusion Criteria: Patients presenting with unstable 
angina, non-ST-segment elevation myocardial in-
farction, ST-segment elevation myocardial infarction, 
prior PCI, nephropathy, pregnancy, and a history of 
contrast allergy were excluded from the study. 

CTO was characterized as a coronary artery fully 
obstructed with no antegrade flow (TIMI-0), occurring 
within a span of three months.12 (Figure-1). Data was 
collected from the hospital's CT angiography 
department by using consecutive sampling technique. 
CT angiograms were done on Aquillion ONE 640 slice 
machine by Canon Company and the results were 

viewed on Vitrea workstation.7  Patients with totally 
occluded coronary arteries were shortlisted on a daily 
basis. Later, the CT angiographies were interpreted by 
experienced cardiologists.  

The collected data was entered into an Excel 
spreadsheet and subsequently transferred to Statistical 
Package for Social Sciences (SPSS) version 23:00 for 
analysis. We utilized descriptive statistics to sum-
marize the variables like age, gender, and comorbid 
like hyper-tension, diabetes, and dyslipidemias. 
Inferential statistics such as chi-square was applied for 
comparison of the lesion characteristics (e.g. blunt 
stump, osteal lesion, and calcification) between the 
two groups (prior CABG and non-CABG). Level of 
significance was taken as <0.05 

RESULTS 

A total of ninety six patients were included in the 
analysis, of which 74(77.1%) were males and 22(22.9%) 
were females. The mean age of the participants was 
58.33±7.35 years and 63.63±7.90 years in prior CABG 
and non-CABG groups respectively (Table-I).  
 

Table-I: Demographics and Comorbid of Study Participants 
(n=96) 

Variables 
CABG Group 

(Total =48) 
Frequency(%) 

Non-CABG 
Group 

(Total=48) 
Frequency(%) 

Gender 

Male 34 (70.8) 40(83.3) 

Female 14(29.2) 8(16.7) 

Age (years) (Mean+SD) 58.33±7.35 63.63 ± 7.90 

Comorbid 

Diabetes 25(52.1) 21(43.8) 

Hypertension 23(50.0) 31(62.0) 

Dyslipidemia 25(52.1) 27(56.3) 

 

The analysis focused on the lesion characteristics 
of different target vessels in each group. When CABG 
and non-CABG groups were compared, Right 
Coronary Artery (RCA) was the target vessel in 
19(39.6%) and 24(50.0%) patients respectively. 
However, this difference was not statistically 
significant (p=0.48). 

The frequency of osteal lesions 20(41.7%) vs 
10(20.8%), bending 17(35.4%) vs 4(8.3%), side branch 
at proximal cap 22(45.8%) vs 10(20.8%), and distal cap 
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at bifurcation 20(41.7%) vs 1(2.1%) were notably 
elevated within the CABG group when compared 
with the non-CABG group respectively. However, 
association was significant (p<0.05) for all afore-
mentioned variables except blunt stump (p=0.67). 
Regarding calcification, it was observed in 20(41.7%) 
and 21(43.8%) patients in the CABG and non-CABG 
group (p>0.05). In case of lesion length, >20mm long 
lesions were seen more frequently within the non-
CABG group, in comparison to the CABG group i.e., 
32(66.7%) vs 21(43.7%), respectively and the findings 
exhibited statistical significance as p-value was <0.001. 
(Table-II)  
 

Table-II: Comparative Outcomes of Lesion Characteristics 
between prior CABG and non-CABG groups (n=96) 

Lesion 
characteristics 

CABG group 
(Total=48) 

Frequency(%) 

Non-CABG 
Group 

(Total=48) 
Frequency(%) 

p-
value 

Target 
vessel 

LAD 17(35.4) 16(34.4) 

0.48 LCx 12(25.0) 8(16.7) 

RCA 19(39.6) 24(50.0) 

Osteal lesion 20(41.7) 10(20.8) 0.04 

Blunt stump 21(43.8) 18(37.5) 0.67 

Calcification 20(41.7) 21(43.8) 1.00 

Bending 17(35.4) 4(8.3) 0.002 

Side branch at 
proximal cap 

22(45.8) 10(20.8) 0.01 

Distal cap at 
bifurcation 

20(41.7) 1(2.1) <0.001 

Lesion 
Length 
(mm) 

<10mm 3(6.3) 10(20.8) 

<0.001 
10-
20mm 

24(50.0) 6(12.5) 

>20mm 21(43.7) 32(66.7) 

LAD=Left Anterior Descending; LCx=Left circumflex; 
RCA= Right Coronary Artery; CABG=Coronary Artery BypassGraft 

 

 

Figure-1: CT-Angiography showing totally occluded LAD 

DISCUSSION 

Our results provided valuable insights into the 
differences in lesion characteristics between two 

patient groups (prior CABG and non-CABG) that 
helped us to determine the high success rate of CTO 
PCI13-16 in non-CABG group in comparison to post-
CABG group.17,18 Lesion characteristics were assessed 
and frequency of osteal lesions, bending, side branch 
at proximal cap and distal cap at bifurcation were 
notably greater within the CABG group when 
compared to the non-CABG group. However, as-
sociation was significant (p<0.05) for all afore-
mentioned variables except blunt stump (p=0.67). 
Regarding calcification, it was more prevalent in non-
CABG group, with insignificant result (p>0.05). 
Similarly, >20mm long lesions were seen more 
frequently in the non- CABG group as compared to 
CABG group and the results were statistically 
significant as p-value was <0.001. 

Target vessels in both the CABG and non-CABG 
groups were assessed. We observed no statistically 
significant distinction between the two groups in 
terms of the target vessels, including the left anterior 
descending artery (LAD), the left circumflex artery 
(LCx), and the right coronary artery (RCA). These 
findings indicated that the distribution of occluded 
coronary arteries is com-parable between patients with 
and without a history of prior CABG surgery. These 
results were consistent with the results of Suarez et al, 
who also reported no significant differences in the 
distribution of CTO lesions between the two patient 
groups.19 

For osteal lesions, our analysis revealed a 
statistically significant disparity between the CABG 
and non-CABG groups, with a greater prevalence of 
osteal lesions in the CABG group. This observation has 
important clinical implications as osteal lesions may 
pose challenges during PCI procedures. Budassi et al, 
demonstrated a similar higher incidence of osteal 
lesions in post-CABG patients.20 

The presence of a blunt stump was another 
characteristic evaluated in our study. Although there 
was a slightly higher prevalence of blunt stump in the 
CABG group compared to the non-CABG group, the 
difference was not statistically significant. These 
findings suggested that the presence of a blunt stump 
may not be influenced by prior CABG surgery. Our 
results were contrary to those demonstrated by 
Skakura et al, who demonstrated a higher incidence of 
the blunt stump in post-CABG patients.21 

Calcification is a common feature observed in 
CTO lesions and can impact the success of PCI. Our 
analysis did not reveal a statistically significant 
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variation in calcification between the CABG and non-
CABG groups. These findings suggested that the 
presence and severity of calcification in CTO lesions 
were not significantly affected by prior CABG surgery. 
Contrary to our study, Budassi et al, showed a higher 
incidence (77.4%) of calcification in post-CABG 
patients, as compared to 54.2% in non-CABG group.20 

Presence of bending in CTO lesions was also 
evaluated. The results of the current study exhibited a 
statistically significant difference between the CABG 
and non-CABG groups, with a greater prevalence of 
bending in the CABG group. This finding indicated 
that prior CABG surgery may contribute to the 
development of bending in CTO lesions. Bending can 
pose challenges during PCI, affecting the success rates 
and procedural outcomes. Our results were akin to 
those documented by Budassi et al.20 

Additionally, the presence of a side branch at the 
proximal cap and a distal cap at the bifurcation of 
CTO lesions revealed significant disparities between 
the CABG and non-CABG groups for both character-
istics. Both variables were more common in the CABG 
group. These results implied that prior CABG surgery 
may influence the morphology and configuration of 
CTO lesions, potentially due to the altered anatomy 
resulting from the grafts placed during the surgery. 
These results aligned with prior research that 
documented differences in the morphology and 
configuration of CTO lesions in patients with and 
without prior CABG surgery.20 

Another important parameter that determines the 
complexity of a CTO is lesion length. The results 
shown in our study were inconsistent to that reported 
by Suarez et al, which showed longer lesions of 
>20mm in post-CABG patients as compared to non-
CABG group.19 This study provided important 
insights into the characteristics of CTO lesions on CTA 
in patients with and without prior CABG surgery. Our 
findings indicated that prior CABG surgery may be 
linked to a heightened risk of osteal lesions, the 
development of bending, a side branch at the proximal 
cap, and a distal cap at the bifurcation of CTO lesions. 
Lesion length of >20mm was significantly in-creased 
in non-CABG patients. However, no notable dis-
tinctions were noted in the distribution of target 
vessels, the presence of a blunt stump, or the extent of 
calcification. These results contributed to the existing 
body of knowledge and support the importance of 
considering the history of CABG surgery when 

evaluating and planning interventions for patients 
with CTO lesions. 

LIMITATIONS OF STUDY 

Sample size was relatively small, potentially restricting 
the applicability of the results. Additionally, the study was 
confined to a single center, possibly curbing the broader 
applicability of the findings to other settings. 

CONCLUSION 

In conclusion, lesion characteristics of chronic totally 
occluded coronary arteries are more prevalent in prior-
CABG patients, emphasizing the influence of prior CABG 
surgery on osteal lesions, bending, presence of a side branch 
at the proximal cap, and distal cap at the bifurcation. These 
findings have potential implications regarding defining the 
complexity of CTO PCI in post-CABG patients, the risks of 
complications, optimizing treatment strategies, and 
improving patient outcomes in CTO management. 
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