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Abstract
Purpose of Review Despite significant advances in procedural techniques for revascularization of chronic total occlusions (CTO),
comprehensive procedural planning and accurate prediction of procedural success remain the Achilles’ heels of CTO percuta-
neous coronary intervention (PCI). Understanding the unique anatomic characteristics of CTOs that may predict relative success
and complication rates of revascularization is imperative. Coronary computed tomography angiography (CCTA) has evolved as
an adjunct to invasive angiography to better characterize CTO lesions to improve success rates of CTO PCI.
Recent Findings Invasive angiography may be inadequate to characterize CTOs due to its inability to fully visualize the occluded
segment. CCTA has evolved as a valuable adjunct to angiography, as it permits imaging of the arterial wall in the absence of
luminal contrast, and thereby provides additional information regarding both the vessel course and lesion characteristics. CCTA-
derived data can also be used in either standalone or combined scoring systems to assess the difficulty level of CTO PCI and has
been shown to predict procedural success in clinical trials. Real-time CT fusion with X-ray angiography provides intraprocedural
guidance to help resolve proximal cap ambiguity and better determine vessel course.
Summary In this review, we discuss the role of CCTA in guiding and improving outcomes of CTO PCI, both pre-procedurally
and in real time.
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PROGRESS CTO Prospective Global Registry for
the Study of Chronic Total
Occlusion Intervention

RECHARGE Registry of CrossBoss and
Hybrid procedures in France,
the Netherlands, Belgium,
and United Kingdom

CT-RECTOR Computed Tomography Registry
of Chronic Total
Occlusion Revascularization

SVG Saphenous vein graft

Introduction

Percutaneous coronary intervention (PCI) of chronic to-
tal occlusion (CTO) lesions is a complex procedure

requiring in-depth planning and a high-degree of tech-
nical skill to achieve success. Pre-procedural assessment
of both lesion characteristics and CTO anatomy may be
used to predict procedural success. As contrast does not
opacify the CTO segment, invasive angiography offers
limited visualization of the CTO vessel, and thus little
information regarding lesion composition or degree of
calcification. Coronary computed tomography angiogra-
phy (CCTA) can be used to plan the procedure, prog-
nosticate success through use of risk scores, and guide
the intervention in real time via CT and X-ray fusion
technology. In this review, we discuss the utility of
CCTA in providing information to help guide CTO
PCI procedures, its use in risk stratification models that
predict procedural success, and the limitations and fu-
ture directions of this technology (Fig. 1).

predict procedure

vessel

Fig. 1 Central illustration. BVS, bioresorbable scaffold; CCTA, coronary computed tomography angiography; CTO, chronic total occlusion; GW,
guidewire; PCI, percutaneous coronary intervention
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CTO PCI

Up to 15–30% of patients undergoing diagnostic coronary
angiography have ≥ 1 CTO lesion [1–4], with a higher inci-
dence of about 50–89% among patients who have had prior
coronary artery bypass graft (CABG) surgery [2, 5]. A recent
large randomized controlled trial [6] showed both a decrease
in angina and improvement in quality of life (QoL) with CTO
PCI in patients with CAD, while several observational studies
[7, 8] have shown lower risk of major adverse cardiovascular
events (MACE). Despite this data, CTO PCI represents only
~ 5% of all PCI [9] with success rates varying between 60 and
90% [9–11]. The complexity and technical challenges of the
procedure, along with its associated risks, mandate a thorough
evaluation of clinical, imaging, and technical factors prior to
considering CTO PCI [12].

Role of CCTA in Diagnosis of Ischemia

In addition to evaluating coronary anatomy, CCTA has the
ability to perform functional evaluation of wall motion, stress
and rest myocardial perfusion, and assessment of scar by
using appropriate scanner protocols [13–15]. However, rou-
tine use of CCTA for the assessment of myocardial perfusion
and viability is not currently widely established at many
institutions.

Role of CCTA to Predict Procedural Success of CTO PCI

Several risk scores derived from clinical, angiographic
and CCTA CTO characteristics have been developed to
evaluate the level of technical difficulty and likelihood
of procedural success [16–23] (Table 1). CCTA features
of CTO, including the shape of the proximal and distal
stump (blunt vs. tapered), lesion length, extent of calci-
fication in the occluded segment, presence or absence of
multiple occlusions and vessel tortuosity, and course
within the occluded segment, have all been used in
single or combined scoring systems [24]. Scores, such
as the CT-RECTOR (Computed Tomography Registry
of Chronic Total Occlusion Revascularization) [22] and
KCCT (Korean Multicenter CTO CT registry) [23],
have been developed using CCTA features to estimate
difficulty level and predict procedural success of CTO
PCI.

CT-RECTOR Score Opolski et al. [22] noted multiple oc-
clusions, blunt stump within the CTO, severe calcifica-
tion ≥ 50% cross sectional area (CSA) within the CTO,
bending ≥ 45 degrees within the CTO, duration of CTO
≥ 12 months, and previous failed PCI attempt as inde-
pendent predictors for guidewire (GW) crossing within
30 min, and assigned 1 point for each predictor to

develop the CT-RECTOR score. This score classifies
CTOs into easy (score 0), intermediate (score 1), diffi-
cult (score 2), and very difficult (score ≥ 3) using the
aforementioned predictors. Multiple occlusions (22% vs.
7%, p < 0.001) and severe calcification (34% vs. 21%,
p < 0.001) were detected more often by CCTA than by
coronary angiography, while blunt stump (47% vs. 46%,
p = 0.927) and bending (23% vs. 25%, p = 0.749) were
detected equally by both modalities. The probability of
GW crossing of CTO in ≤ 30 min for easy to very
difficult groups was 95%, 88%, 57%, and 22%,
respectively.

KCCT ScoreYu et al. [23] developed the KCCT score using
CCTA-derived independent predictors for GW crossing
≤ 30 min, including proximal blunt entry, proximal side
branch, bending > 45°, occlusion length ≥ 15 mm, se-
vere calcification in the occluded segment, whole lumi-
nal calcification, reattempt of previously failed CTO
PCI, and ≥ 12 months or unknown duration of occlu-
sion. A KCCT score < 4 had a sensitivity, specificity,
positive predictive value, negative predictive value, and
accuracy for GW crossing ≤ 30 min of 70%, 68%, 72%,
73%, and 70%, respectively [23].

Fujino et al. demonstrated that CCTA-derived
Multicenter Chronic Total Occlusion Registry of Japan
(J-CTO) scores had greater area under the receiver op-
erating characteristic curve (AUC) compared with
angiography-derived scores for predicting procedural
success of CTO PCI (0.855 vs. 0.698; p < 0.001) and
30-min wire crossing (0.812 vs. 0.692; p < 0.001) [25].
Thus, CCTA may be superior to angiography in
predicting procedural success of CTO PCI.

Role of CCTA to Assess CTO Lesion Characteristics

Conventional invasive angiography with dual guide
catheter injections through both donor and recipient ves-
sels is used to better characterize CTOs but is limited in
its ability to define either vessel morphology within the
occlusion or vessel trajectory during wire manipulations,
and offers often insufficient definition of the distal tar-
get zone due to inadequate collateral filling [26]. More
recently, CCTA has emerged as an adjunctive imaging
modality to more completely characterize CTOs. Unlike
selective invasive coronary angiography, CCTA uses a
larger volume of contrast which is injected simulta-
neously throughout the heart. Moreover, image acquisi-
tion occurs several seconds after the contrast reaches the
coronary arteries. As a result, there may be more time
for filling of distal vessels (via collaterals). CCTA can
better define CTO lesion morphology—by providing in-
formation on soft tissues surrounding the occluded
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vessel segment—and can better characterize predictors
of CTO PCI success, including degree of calcification,
extent of tortuosity, occlusion length [26], and distal
vessel trajectory [27–29] (Fig. 2). CCTA can also iden-
tify ostial lesions that may be missed on angiography
[24] (Fig. 3). A drawback of CCTA compared with
angiography is its inability to differentiate total from
high-grade stenosis/sub-total occlusions due to lower
spatial resolution as well as the need for additional con-
trast and radiation exposure [30]. Table 2 compares in-
vasive angiography with CCTA in evaluating CTOs.

Role of CCTA for Procedural Planning of CTO PCI
and Procedure Guidance Through Real-Time Fusion
of CT-Fluoroscopic Imaging

Information obtained by CCTA can assist in the procedural
planning of CTO PCI. CCTA can better visualize distal targets

compared with coronary angiography, given the impaired
contrast filling of the distal bed during angiography secondary
to negative remodeling in longstanding CTOs [28]. Upfront
knowledge of distal target characteristics can help operators
plan the direction of GW advancement during CTO PCI.
CCTA can identify the extent of calcium and its location in
relation to the lumen [26]. Central calcification is more chal-
lenging to wire than circular wall calcification, and knowing
the location of calcium can help operators assess the difficulty
of CTO PCI and plan their choice of guidewires and devices
more appropriately [23, 30]. CCTA has a low spatial resolu-
tion compared with coronary angiography (~ 0.5–0.6 mm for
contemporary scanners) and hence cannot visualize small col-
laterals with diameters below that size [31]. However, larger
collaterals can be visualized and this information can be used
to plan approach strategies for CTO crossing [32]. Thus,
CCTA imaging is a helpful tool in procedure planning of
CTO PCI and also has the potential to reduce contrast use

Fig. 2 CTO characteristics by coronary angiography versus CCTA. a
Conventional angiography demonstrated a blunt entry shape; CTA
revealed a microchannel. b An unsuccessful CTO case in which the
guidewire did not pass the lesion because of severe calcification
throughout the entire circumference as revealed by CTA. c A CTO
lesion that appeared straight with conventional angiography. However,
CTA clearly showed bending of the CTO segment. d Even though the

occlusion length of the CTO measured using conventional angiography
was 22 mm, the length measured by CTA was only 10 mm. CTA,
coronary tomography angiography; CTO, chronic total occlusion.
Adapted with permission from Fujino A et al. Accuracy of J-CTO score
derived from computed tomography versus angiography to predict suc-
cessful percutaneous coronary intervention. JACC Cardiovasc Imaging.
2018 Feb;11(2 Pt 1):209-217
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and radiation exposure during CTO PCI and increase the
chance of procedural success [30, 33].

CCTA can be a helpful tool for comprehensive evaluation
of the anatomy of suitable occluded saphenous venous grafts
and the distal vasculature to help plan CTO PCI of the vein
graft or for retrograde CTO PCI of native vessel through the
vein graft in post-CABG patients. Hajek et al. [34] used
CCTA imaging to plan and successfully perform PCI of an
ostial saphenous vein graft (SVG) to LAD CTO demonstrat-
ing superiority of CCTA compared with invasive coronary
angiography to image the distal segment of the occluded
SVG. Several studies since have shown high sensitivity and

specificity, both greater than 90% of CCTA in imaging saphe-
nous vein grafts [35, 36].

CCTA can be used for live procedure guidance using
real-time integration of three-dimensional CCTA with
fluoroscopic images [37]. By creating center lines of ves-
sels, this fusion technology helps operators to see the path
of the GW in relation to the vessel lumen, thereby pro-
viding a live roadmap for GW advancement into the distal
true lumen, avoidance of side branches, and selection of
the most suitable reentry zone [29] (Fig. 4). Ghoshhajra
and Jaffer et al. showed that fusion of CCTA-derived
centerline of a CTO on fluoroscopic images was feasible

Fig. 3 CCTA showing ostial right coronary artery (RCA) CTO. a 3-dimensional rendered view. b Curved multiplanar reformatted view showing the
length of the CTO and the size of the distal and proximal cap

Table 2 Comparison of evaluation of CTO morphology by coronary angiography and CCTA

Imaging
modality

Advantages Disadvantages

Invasive
angiogra-
phy

- Can differentiate CTO from high-grade stenosis/sub-total oc-
clusion

- Commonly used scores to evaluate difficulty of CTO PCI are
based on coronary angiography-derived CTO characteristics

- Does not provide information on the vessel wall
- Cannot visualize vessel morphology and course within CTO segment
- Less effective in characterizing distal vessel beyond CTO due to

negative remodeling and underfilling of collaterals
- May miss ostial CTOs

CCTA - Can provide information on the vessel wall
- Can detect presence and degree of coronary calcifications in

the occluded segment
- Can provide information about vessel morphology within

occlusion
- Can characterize distal vessel beyond CTO
- Provides information on ostial occlusions
- May provide information on myocardial scar/viability (e.g.,

wall thinning, myocardial calcifications, resting perfusion
defects)

- Additional radiation and contrast exposure to the patient
- Cannot distinguish CTO from high-grade stenosis/sub-total occlusion,

particularly in heavily calcified vessels, due to lower spatial resolu-
tion

CTO, chronic total occlusion; PCI, percutaneous coronary intervention; CCTA, coronary computed tomography angiography

20 Page 6 of 10 Curr Cardiovasc Imaging Rep (2020) 13: 20



and particularly useful to understand mechanisms of suc-
cess and failure in controlled antegrade dissection reentry
(CART) [37] (Fig. 5). In particular, successful reentry
occurred in zones devoid of calcium on CT overlay,
which were not easily appreciated on fluoroscopy.
Future applications of this approach may be to resolve
proximal cap ambiguity, a marker of CTO lesion com-
plexity that often necessitates primary retrograde CTO
PCI approaches which are associated with higher adverse
event rates [38]. In addition, CT fusion overlay is antici-
pated to help safely guide subintimal dissection of long

right coronary artery occlusions with little calcium, and
for side branch identification [33]. Future trials to evalu-
ate the procedural benefits of routine use of co-
registration of CCTA and fluoroscopic images in CTO
PCI are warranted.

Use of CCTA to Assess Long-Term Outcomes After CTO
PCI

CCTA can play a role in monitoring long-term outcomes after
CTO PCI with some caveats. Due to blooming artifact

Fig. 4 Wiring target vessel without contrast injection. In this example, the
operators were attempting to place the guidewire (thick yellow arrow)
into the right posterior descending artery (PDA) to attempt opening an
RPDA CTO. a RCA cineangiogram showing the antegrade wire in the
distal vessel. b Centerline display of the PDA and PLV branches. c CTA/
fluoroscopy fusion, without contrast, reveals that the wire has advanced
past the entrance to the RPDA. The wire was pulled back and then ad-
vanced into the PDA without the use of contrast. d CTA/fluoroscopy

fusion showing wire in the PDA after crossing of the CTO. PDA, poste-
rior descending artery; RPDA, right posterior descending artery; CTO,
chronic total occlusion; RCA, right coronary artery; PLV, posterior left
ventricular artery; CTA, computed tomography angiography. Adapted
with permission from Ghoshhajra BB et al. Real-time fusion of coronary
CT angiography with X-ray fluoroscopy during chronic total occlusion
PCI. Eur Radiol. 2017 Jun;27 (6):2464-2473

Curr Cardiovasc Imaging Rep (2020) 13: 20 Page 7 of 10 20



produced by some coronary stents, CCTA may have limited
ability to assess stent patency after PCI [33]. Stent fracture can
however be detected and has been shown to be associatedwith
higher MACE [39]. Non-metallic bioresorbable scaffolds can
be well visualized by CCTA and monitored for disease pro-
gression with studies showing good patency of these stents for
up to 5 years of follow-up post-CTO PCI [40, 41]. Finally,
CCTA-derived parameters can be used to predict long-term
outcomes. Ito et al. showed that the presence of ≥ 2 risk factors
of severe calcification, occlusion length > 25 mm, and mini-
mal vessel area < 11.9 mm2 was associated with a higher rate
of restenosis, re-occlusion, and MACE compared with 0 or 1
risk factor [42].

Limitations of CCTA in CTO PCI

First, performing a CCTA prior to CTO PCI adds additional
contrast and radiation exposure for the patient. The typical
dose for a gated scan is ~ 3–5 mSv, which is similar to a

diagnostic coronary angiogram [43, 44]. This dose can be
reduced further using an axial acquisition with prospective
ECG-triggered scan [30, 45]. Second, patient preparation with
coronary vasodilators (sublingual or topical nitroglycerin) and
beta-adrenergic blockage to maintain a relatively slow heart
rate (e.g., < 65 beats per minute) is often necessary to obtain
good-quality CCTA images. Last but not least, one must
weigh the benefits of a pre-procedural CCTA with the addi-
tional financial expense of this procedure [24]. For now, pre-
procedural CCTA may be reserved for challenging CTO le-
sions (e.g., presence of proximal cap ambiguity, long CTO
lesion lengths) more likely to benefit from additional imaging
details.

Conclusions

CCTA evaluation of CTO coronary lesions can assist in guid-
ing and improving the outcomes of CTO PCI, both pre-

a b

c d

Fig. 5 Analysis of unsuccessful then successful antegrade dissection
reentry during CTO PCI. In this example, coronary CTA fusion data
display was chosen to show both the centerline and the arterial calcium.
a Fluoroscopic image showing a reentry balloon placed distal to an RCA
CTO (as confirmed by contralateral contrast injection; image not shown).
The initial attempt at reentry from this location was unsuccessful. b
Centerlines from CTA segmentation showing the RCA and SVG. c
Magnified CTA/fluoroscopy fusion of the initial unsuccessful reentry site

showing that the reentry balloon resided next to a large zone of calcium
(yellow arrow). The reentry balloon was then advanced more distally
approximately 1 cm, and successful reentry was performed using a
stick-and-swap technique. dMagnified CTA/fluoroscopy fusion revealed
that the successful reentry zone was between two areas of calcification.
Adapted with permission from Ghoshhajra BB et al. Real-time fusion of
coronary CT angiography with X-ray fluoroscopy during chronic total
occlusion PCI. Eur Radiol. 2017 Jun;27 (6):2464-2473
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procedurally and in real time. Operators now have a promising
opportunity to incorporate this imaging modality in conjunc-
tion with invasive angiography to optimize PCI treatment
plans for CTO. Future studies evaluating the use of CCTA
for pre-planning and intraprocedural guidance of CTO PCI
are needed to determine whether CCTA can routinely improve
procedural efficacy and safety.
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