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Abstract

Context: The application of coronary computed tomography angiography (CCTA) is increasingly being recognized for its role in
diagnosing and ruling out coronary artery disease (CAD). This editorial letter discusses the usefulness of CCTA in planning for
chronic total occlusion percutaneous coronary intervention (CTO PCI).

Evidence Acquisition: We searched for articles using Google Scholar and the PubMed Database. The keywords used were
"Coronary CT Angiography (CCTA)," "Chronic Total Occlusion (CTO) intervention," "pre-procedural CTO PCIL," and "post-CTO
interventions." The articles included in the review were published between 2013 and 2023.

Results: Regarding pre-procedural planning for the revascularization of chronic total occlusions (CTOs), there is significant
interest in the ability of CCTA to visualize and analyze coronary atherosclerotic plaque. Additionally, CCTA can provide three-
dimensional coronary vessel imaging. Following post-CTO intervention, CCTA is utilized to determine whether the formation of
new channels and plaque remodeling will improve the chances of future successful interventions.

Conclusions: CCTA allows for the precise assessment of anatomical features without invasive procedures, making the diagnosis
of CAD easier. The technology is advancing rapidly, with new scanners offering higher resolution, better-quality images, and

reduced radiation exposure.
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1. Context

A coronary artery chronic total occlusion (CTO) refers
to a complete blockage of a coronary artery with no
antegrade flow (TIMI 0 flow) and an occlusion lasting
more than three months. Approximately 25% of
individuals diagnosed with coronary artery disease
(CAD) have CTOs when examined with coronary
imaging. The likelihood of these blockages increases
with age (1, 2). These lesions comprise adventitia,
atheromatous plaque, and an organized, widely
recanalized thrombus in an obstructed lumen. Both
intracellular and extracellular calcium and lipid
components are also present. Tough fibrous tissue, rich
in collagen, limits the blocked lumen both proximally
and distally (3).

Over 12 months, CTO lesions develop tough proximal
and distal caps, become more calcified, and exhibit
reduced neovascularization. The structure of coronary
collateral circulation can provide sufficient oxygen
supply to the vascular bed distal to a CTO. However, even
with well-developed collaterals, patients might still
experience symptoms, particularly during exertion,
when collateral perfusion to the afflicted myocardium is
insufficient, leading to ischemic myocardial areas (4).
Successful revascularization with either percutaneous
coronary intervention (PCI) or coronary artery bypass
graft (CABG) can improve symptoms and perfusion to
these ischemic areas. Compared to the best medical
therapy, this can significantly improve angina and
quality of life (5).

Utilizing  coronary = computed tomographic
angiography (CCTA) before the procedure can provide
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additional insights into the characteristics of the CTO
that might influence procedural preparation and
outcomes (6). Its incorporation into the procedure
through fusion with fluoroscopy could be a further step.
Coronary computed tomography angiography has the
potential to be used as a screening tool for patients with
suspected CAD, allowing for the identification of CTOs

(7).
2. Evidence Acquisition

In this mini-review article, we searched for relevant
articles using Google Scholar and the PubMed Database.
The keywords used were CCTA, CTO intervention, pre-
procedural chronic total occlusion percutaneous
coronary intervention (CTO PCI), and post-CTO
interventions. The articles selected for this review were
published between 2013 and 2023. Only full-text articles
related to our discussion were included. All selected
articles were in English and were reviewed by each
author.

3.Results

3.1. Percutaneous Coronary Intervention (PCI)

Percutaneous coronary intervention is currently the
most frequently wused procedure for treating
symptomatic CAD, in addition to appropriate medicinal
therapy. New drug-eluting stent technology and
improved patient outcomes have significantly reduced
the prevalence of device-related problems (8). Despite
these developments, patients are frequently transferred
to the catheterization laboratory without prior
knowledge of their precise coronary anatomy and lesion
features (such as length, diameter, and amount of
calcification), which might guide the procedure's
strategy. This contrasts with structural heart
interventions, reflecting a historical perspective because
invasive coronary angiography (ICA) was developed
before CCTA and has been used for a long time without
any additional anatomical information (9).

Incorrect stent selection and higher rates of adverse
events may result from incomplete plaque coverage
caused by erroneous lesion length estimation and
inadequate fluoroscopic view angle (10). In addition,
low-attenuation plaques are independent predictors of
abnormal translesional physiology and periprocedural
myocardial infarction. Plaques with a high calcium
burden can lead to inadequate stent expansion and
increased chances of target artery failure during PCI. To
better inform ICA on the volume and nature of

atherosclerotic plaques that may affect the invasive
process, CCTA offers complementary information (11).

Coronary computed tomography angiography is a
non-invasive imaging technique that effectively
evaluates the degree and severity of CAD by assessing
plaque form, composition, and features (12). When
analyzing CCTA scans, the size of the lumen filled with
contrast should be noticeably smaller. Preprocedural
CCTA may offer additional information on the
characteristics of the CTO that could influence
procedural planning and results. Its incorporation into
the procedure through a fusion with fluoroscopy could
be a further step (13).

Coronary computed tomography angiography is also
useful in screening for patients with suspected CAD and
may detect CTO. It is important to differentiate CTOs
from subtotal occlusions (STO), as the length of
occlusion is wusually longer in CTOs than STOs.
Additionally, attenuation gradient and identifying
collaterals are other features to differentiate CTO and
STO (14). Using CCTA, CTOs are frequently diagnosed in
cross-sectional views when there is no lumen
opacification. The lumen distal to the blockage is
sometimes obscured by retrograde collateral contrast
flow. Because retrograde collaterals allow for
opacification of the artery close to the stenosis, a CTO
may not be properly detected on CCTA. On CCTA, the
contrast-enhanced lumen is interrupted in both total
and subtotal occlusions, and it can be challenging to
distinguish between these two due to poor spatial
resolution (15).

3.2. Pre-procedural Chronic Total Occlusion Percutaneous
Coronary Intervention Planning Using Coronary Computed

Tomography Angiography

The treatment of high-risk patients involves more
clinical complexity than most cutting-edge cardiac
procedures. Performing a  preprocedural risk
assessment is essential to identify individuals who will
benefit from CTO PCI and to select those who may safely
undergo the surgery (16). Various scoring systems based
on angiographic parameters can predict technical
success and associated difficulties. The ]J-CTO score is
commonly used due to its proven ability to reliably
predict the successful crossing of guidewires within a
30-minute timeframe and overall technical success.
Coronary computed tomography angiography may be a
crucial component of preprocedural planning before
CTO PCI, as it currently appears to have even more
discrimination (17).

Coronary computed tomography angiography
thoroughly describes the coronary anatomy in three
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dimensions, which can aid in procedural planning.
Coronary computed tomography angiography better
characterizes the anatomic morphology of blocked
arteries than conventional coronary angiography. It
helps identify the distal vessel region and measure
coronary artery calcium. This is particularly useful when
coronary angiography cannot opacify the distal
segments in lengthy, convoluted veins. The selection of
debulking devices might be based on morphological
parameters, specifically the quantity of calcium present
(18). Patients undergoing CTO PCI who have poor
collateral artery visualization by angiography may find
it particularly helpful because fluoroscopic projection
angles can be predicted based on the trajectory of the
channel on CCTA (19).

Additionally, CCTA can offer precise anatomical
information about the occluded section. It accurately
measures the length of the blocked section, which
might be difficult in conventional coronary
angiography. It can provide information on the angles,
proximal and distal stump or cap features, and vascular
tortuosity (20). In addition to the vessel's length and
anatomical path, CCTA can provide detailed information
on the structural features of the blocked section and the
condition of the plaque. It has the ability to both detect
and characterize the extent of calcification, both of
which serve as indicators of operation failure (21).

3.3. Coronary Computed Tomography Angiography in Post-
chronic Total Occlusion Intervention

Failure of the CTO PClI is indicated by an unsuccessful
re-entry into the distal lumen or entry into the proximal
cap. Modifying plaque and establishing new routes can
enhance the likelihood of future therapies being
successful, regardless of their initial outcome(22)
Coronary computed tomography angiography can be
used to improve the detection of specific details during
an interventional procedure. These details include the
formation of new tracks, the direction of the dissection
plane, the distance to the distal entry cap, and the
likelihood of a successful antegrade dissection re-entry.
By assessing the degree of calcification and identifying
the area of the artery where success is most likely, CCTA
can help increase the chances of a successful procedure
after a failed attempt to re-enter or only ballooning of
the extra-plaque space (23, 24). The success rate of CTO
PCI has increased due to several factors. Technological
advancements, including the creation of wires,
microcatheters, calcium modification techniques, and
intracoronary imaging, are crucial. Additionally, the
success rate has considerably increased due to thorough
pre-procedural planning, the utilization of twin
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injections, the introduction of advanced equipment
featuring specialized wires and support catheters, and
the implementation of several other procedures (25).
Interventional cardiologists reportedly only commonly
employ CCTA in CTO PCI for patients who have had prior
CABG or for operations that have failed. This may be due
to a lack of staff members who can provide the CTO
operator with an explanation of the complex details of
CTO anatomy, which is necessary for treatment
planning. Consequently, the usefulness of CCTA in this
context may be limited (26).

4. Conclusions

Coronary computed tomography angiography
allows for precise anatomical feature assessment
without intrusive procedures, making the diagnosis of
CAD easier. The technology is developing quickly, with
new scanners offering higher resolution, higher-quality
images, and reduced radiation exposure. When
analyzing CT images, CTO is frequently discovered.
Successfully revascularizing CTO with PCI results in
better left ventricular function and improved patient
outcomes. Single characteristics or integrated scoring
systems using CCTA can be employed to assess the
complexity of the CTOs before PCI. These approaches
have demonstrated the ability to accurately predict the
rates of procedural success. After CTO intervention,
CCTA is used to assess whether the modification of the
plaque and the creation of new channels will increase
the likelihood of successful future interventions.

Footnotes

Authors' Contribution: Study concept and design, SL
and NMS; acquisition of data, SL and NMS; analysis and
interpretation of data, SL and NMS; drafting of the
manuscript, SL and NMS; critical revision of the
manuscript for important intellectual content, SL and
NMS; statistical analysis, SL and NMS; administrative,
technical, and material support. SL and NMS; study
supervision, SL.

Conflict of Interests Statement: Author declared no
conflict of interest.

Funding/Support: Author declared no fundings for this
writing.

References

1. Tsai TT, Stanislawski MA, Shunk KA, Armstrong EJ, Grunwald GK,
Schob AH, et al. Contemporary Incidence, Management, and Long-
Term Outcomes of Percutaneous Coronary Interventions for Chronic



Laksono S and Maya Suryana N

10.

12.

13.

Coronary Artery Total Occlusions: Insights From the VA CART
Program. JACC Cardiovasc Interv. 2017;10(9):866-75. [PubMed ID:
28473108]. https:|/doi.org[10.1016j.jcin.2017.02.044.

Galassi AR, Brilakis ES, Boukhris M, Tomasello SD, Sianos G,
Karmpaliotis D, et al. Appropriateness of percutaneous
revascularization of coronary chronic total occlusions: an overview.
Eur Heart ]. 2016;37(35):2692-700. [PubMed ID: 26254179].
https://doi.org/10.1093/eurheartj/ehv391.

Fefer P, Knudtson ML, Cheema AN, Galbraith PD, Osherov AB,
Yalonetsky S, et al. Current perspectives on coronary chronic total
occlusions: the Canadian Multicenter Chronic Total Occlusions
Registry. | Am Coll Cardiol. 2012;59(11):991-7. [PubMed ID: 22402070].
https://doi.org/10.1016/j.jacc.2011.12.007.

Sachdeva R, Agrawal M, Flynn SE, Werner GS, Uretsky BE The
myocardium supplied by a chronic total occlusion is a persistently
ischemic zone. Catheter Cardiovasc Interv. 2014;83(1):9-16. [PubMed ID:
23703867]. https://doi.org[10.1002/ccd.25001.

Werner GS, Martin-Yuste V, Hildick-Smith D, Boudou N, Sianos G,
Gelev V, et al. A randomized multicentre trial to compare
revascularization with optimal medical therapy for the treatment of
chronic total coronary occlusions. Eur Heart ]. 2018;39(26):2484-93.
[PubMed ID: 29722796]. https://doi.org/10.1093/eurheartj/ehy220.

Opolski MP, O. Hartaigh B, Berman DS, Budoff M], Achenbach S, Al-
Mallah M, et al. Current trends in patients with chronic total
occlusions undergoing coronary CT angiography. Heart.
2015;101(15):1212-8. [PubMed ID: 26076936]. [PubMed Central ID:
PMC4578159]. https:|/doi.org[10.1136/heartjnl-2014-306616.

Choi JH, Kim EK, Kim SM, Kim H, Song YB, Hahn ]Y, et al. Noninvasive
Discrimination of Coronary Chronic Total Occlusion and Subtotal
Occlusion by Coronary Computed Tomography Angiography. JACC
Cardiovasc  Interv. 2015;8(9):1143-53. [PubMed ID: 26292581].
https:[/doi.org[10.1016/j.jcin.2015.03.042.

Abubakar M, Javed I, Rasool HF, Raza S, Basavaraju D, Abdullah RM, et
al. Advancements in Percutaneous Coronary Intervention
Techniques: A Comprehensive Literature Review of Mixed Studies
and Practice Guidelines. Cureus. 2023.
https://doi.org/10.7759/cureus.41311.

Tzimas G, Gulsin GS, Takagi H, Mileva N, Sonck ], Muller O, et al.
Coronary CT Angiography to Guide Percutaneous Coronary
Intervention. Radiol Cardiothorac Imaging. 2022;4(1). e210171. [PubMed
ID: 35782760]. [PubMed Central ID: PM(C8893214].
https://doi.org[10.1148/ryct.210171.

Mezquita AJV, Biavati F, Falk V, Alkadhi H, Hajhosseiny R, Maurovich-
Horvat P, et al. Clinical quantitative coronary artery stenosis and
coronary atherosclerosis imaging: a Consensus Statement from the
Quantitative Cardiovascular Imaging Study Group. Nat Rev Cardiol.
2023;20(10):696-714. [PubMed ID: 37277608].
https://doi.org/10.1038/s41569-023-00880-4.

Sorini Dini C, Nardi G, Ristalli F, Mattesini A, Hamiti B, Di Mario C.
Contemporary Approach to Heavily Calcified Coronary Lesions. Interv
Cardiol. 2019;14(3):154-63. [PubMed ID: 31867062]. [PubMed Central ID:
PMC6918474]. https:|/doi.org/10.15420/icr.2019.19.R1.

Laksono S, Prawara AS, Kusharsamita H. Cardiac computed
tomography and its use in clinical practice: a review. Iberoamerican |
Med. 2023;5(3):123-34. https://doi.org/10.53986/ibjm.2023.0022.

Sianos G, Werner GS, Galassi AR, Papafaklis MI, Escaned ], Hildick-
Smith D, et al. Recanalisation of chronic total coronary occlusions:
2012 consensus document from the EuroCTO club. Eurolnterven.
2012;8(1):139-45. [PubMed ID: 22580257].
https://doi.org/10.4244/EIJV8I1A21.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

Rolf A, Werner GS, Schuhback A, Rixe ], Mollmann H, Nef HM, et al.
Preprocedural coronary CT angiography significantly improves
success rates of PCI for chronic total occlusion. Int | Cardiovasc
Imaging. 2013;29(8):1819-27. [PubMed ID: 23793727].
https://doi.org/10.1007/s10554-013-0258-y.

Yassin F, Khan ], Mozid A, Connolly D, Sharma V. The Utility of CT
Coronary Angiography in Chronic Total Occlusion Percutaneous
Coronary Intervention. Eur Cardiol. 2023;18. e48. [PubMed ID:
37655134]. [PubMed Central ID: PMC10466269].
https://doi.org[10.15420/ecr.2022.61.

Mares A, Mukherjee D. Management of Chronic Total Occlusion of
Coronary Artery. Int | Angiol. 2021;30(1):48-52. [PubMed ID: 34025095].
[PubMed Central ID: PMC8128489]. https:|/doi.org/10.1055[s-0040-
1721478.

Sawlani N, Bhatt DL. Chronic Total Occlusion Percutaneous Coronary
Intervention: Preparation Is the Key to Success. Circ Cardiovasc
Imaging. 2017;10(4). [PubMed ID: 28389509].
https://doi.org/10.1161/CIRCIMAGING.117.006372.

Weberling LD, Lossnitzer D, Frey N, Andre F. Coronary Computed
Tomography vs. Cardiac Magnetic Resonance Imaging in the
Evaluation of Coronary Artery Disease. Diagnostics (Basel). 2022;13(1).
[PubMed ID: 36611417]. [PubMed Central ID: PMC9818886].
https://doi.org[10.3390/diagnostics13010125.

Melotti E, Belmonte M, Gigante C, Mallia V, Mushtagq S, Conte E, et al.
The Role of Multimodality Imaging for Percutaneous Coronary
Intervention in Patients With Chronic Total Occlusions. Front
Cardiovasc Med. 2022;9:823091. [PubMed ID: 35586657]. [PubMed
Central ID: PMC9108201]. https://doi.org/10.3389/fcvm.2022.823091.

Sharma V, Jadhav ST, Harcombe AA, Kelly PA, Mozid A, Bagnall A, et al.
Impact of proctoring on success rates for percutaneous
revascularisation of coronary chronic total occlusions. Open Heart.
2015;2(1). €000228. [PubMed ID: 25852949]. [PubMed Central ID:
PMC4379886]. https:|/doi.org/10.1136/openhrt-2014-000228.

Tomasello SD, Boukhris M, Giubilato S, Marza F, Garbo R,
Contegiacomo G, et al. Management strategies in patients affected
by chronic total occlusions: results from the Italian Registry of
Chronic Total Occlusions. Eur Heart J. 2015;36(45):3189-98. [PubMed
ID: 26333367]. https://doi.org/10.1093/eurheartj/ehv450.

Xenogiannis I, Choi JW, Alaswad K, Khatri JJ, Doing AH, Dattilo P, et al.
Outcomes of subintimal plaque modification in chronic total
occlusion percutaneous coronary intervention. Catheter Cardiovasc
Interv. 2020;96(5):1029-35. [PubMed ID: 31797507].
https:[/doi.org[10.1002/ccd.28614.

Creaney C, Walsh S]. Antegrade Chronic Total Occlusion Strategies: A
Technical Focus for 2020. Interv Cardiol. 2020;15. e08. [PubMed ID:
32684982]. [PubMed Central ID: PMC7362334].
https://doi.org[10.15420/icr.2020.05.

McEntegart M, Spratt JC. Procedure planning for chronic total
occlusion percutaneous coronary intervention. Int Cardiol.
2013;5(5):549-57. https://doi.org/10.2217/ica.13.47.

Sapontis ], Salisbury AC, Yeh RW, Cohen DJ, Hirai T, Lombardi W, et al.
Early Procedural and Health Status Outcomes After Chronic Total
Occlusion Angioplasty: A Report From the OPEN-CTO Registry
(Outcomes, Patient Health Status, and Efficiency in Chronic Total
Occlusion Hybrid Procedures). JACC Cardiovasc Interv. 2017;10(15):1523-
34.[PubMed ID: 28797429]. https://doi.org/10.1016/j.jcin.2017.05.065.
Guo L, Lv H, Yin X. Chronic Total Occlusion Percutaneous Coronary
Intervention in Patients With Prior Coronary Artery Bypass Graft:
Current Evidence and Future Perspectives. Front Cardiovasc Med.
2022;9:753250. [PubMed ID: 35479272]. [PubMed Central ID:
PMC9037955]. https:[/doi.org[10.3389/fcvm.2022.753250.

Int ] Cardiovasc Pract. 2024; 9(1): e145138.


http://www.ncbi.nlm.nih.gov/pubmed/28473108
https://doi.org/10.1016/j.jcin.2017.02.044
http://www.ncbi.nlm.nih.gov/pubmed/26254179
https://doi.org/10.1093/eurheartj/ehv391
http://www.ncbi.nlm.nih.gov/pubmed/22402070
https://doi.org/10.1016/j.jacc.2011.12.007
http://www.ncbi.nlm.nih.gov/pubmed/23703867
https://doi.org/10.1002/ccd.25001
http://www.ncbi.nlm.nih.gov/pubmed/29722796
https://doi.org/10.1093/eurheartj/ehy220
http://www.ncbi.nlm.nih.gov/pubmed/26076936
https://www.ncbi.nlm.nih.gov/pmc/PMC4578159
https://doi.org/10.1136/heartjnl-2014-306616
http://www.ncbi.nlm.nih.gov/pubmed/26292581
https://doi.org/10.1016/j.jcin.2015.03.042
https://doi.org/10.7759/cureus.41311
http://www.ncbi.nlm.nih.gov/pubmed/35782760
https://www.ncbi.nlm.nih.gov/pmc/PMC8893214
https://doi.org/10.1148/ryct.210171
http://www.ncbi.nlm.nih.gov/pubmed/37277608
https://doi.org/10.1038/s41569-023-00880-4
http://www.ncbi.nlm.nih.gov/pubmed/31867062
https://www.ncbi.nlm.nih.gov/pmc/PMC6918474
https://doi.org/10.15420/icr.2019.19.R1
https://doi.org/10.53986/ibjm.2023.0022
http://www.ncbi.nlm.nih.gov/pubmed/22580257
https://doi.org/10.4244/EIJV8I1A21
http://www.ncbi.nlm.nih.gov/pubmed/23793727
https://doi.org/10.1007/s10554-013-0258-y
http://www.ncbi.nlm.nih.gov/pubmed/37655134
https://www.ncbi.nlm.nih.gov/pmc/PMC10466269
https://doi.org/10.15420/ecr.2022.61
http://www.ncbi.nlm.nih.gov/pubmed/34025095
https://www.ncbi.nlm.nih.gov/pmc/PMC8128489
https://doi.org/10.1055/s-0040-1721478
https://doi.org/10.1055/s-0040-1721478
http://www.ncbi.nlm.nih.gov/pubmed/28389509
https://doi.org/10.1161/CIRCIMAGING.117.006372
http://www.ncbi.nlm.nih.gov/pubmed/36611417
https://www.ncbi.nlm.nih.gov/pmc/PMC9818886
https://doi.org/10.3390/diagnostics13010125
http://www.ncbi.nlm.nih.gov/pubmed/35586657
https://www.ncbi.nlm.nih.gov/pmc/PMC9108201
https://doi.org/10.3389/fcvm.2022.823091
http://www.ncbi.nlm.nih.gov/pubmed/25852949
https://www.ncbi.nlm.nih.gov/pmc/PMC4379886
https://doi.org/10.1136/openhrt-2014-000228
http://www.ncbi.nlm.nih.gov/pubmed/26333367
https://doi.org/10.1093/eurheartj/ehv450
http://www.ncbi.nlm.nih.gov/pubmed/31797507
https://doi.org/10.1002/ccd.28614
http://www.ncbi.nlm.nih.gov/pubmed/32684982
https://www.ncbi.nlm.nih.gov/pmc/PMC7362334
https://doi.org/10.15420/icr.2020.05
https://doi.org/10.2217/ica.13.47
http://www.ncbi.nlm.nih.gov/pubmed/28797429
https://doi.org/10.1016/j.jcin.2017.05.065
http://www.ncbi.nlm.nih.gov/pubmed/35479272
https://www.ncbi.nlm.nih.gov/pmc/PMC9037955
https://doi.org/10.3389/fcvm.2022.753250

