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This editorial refers to Garcia-Garcia et al, Computed Tomography in Total Coronary Occlusions (CTTO Registry): radiation exposure and predictors

of successful percutaneous intervention.

The introduction of stiff and steerable wires and the miniaturisation
of superflexible high profile over-the-wire microcatheters has
dramatically changed the scene of the chronic total occlusion (CTO)
treatment. The frustrating experience of being unable to penetrate a
stiff occlusion cap or of being unable to steer the wire in the direction
required belongs to the past, together with the extreme
disappointment of the failure to cross the occlusion with a balloon
once the wire has reached the distal true lumen. A combined
anterograde and retrograde approach via collaterals facilitates
recanalisation in the most stubborn occlusions and the correct
identification of the intraluminal position of the wire after crossing is
allowed by the more frequent use of a bilateral approach with double
injection!. The missing tile of the puzzle and the reason why 20-30%
of occlusions are still unsuccessful is the inability to identify the path
of the vessel in the occluded segment, the main cause of failure if the
occluded segment is long and tortuous. The parallel wire technique,
retrograde recanalisation, CART (controlled anterograde and
retrograde tracking) and STAR (subintimal tracking and
recanalisation) are all techniques designed to rescue an initial
subintimal wire position and bail-out the interventionalist?3.
Nevertheless, CTO’s remain a technical challenge for interventional
cardiologists: when compared to other lesion subsets, the success
rates remain lower and the procedural duration longer despite the
availability of a number of dedicated wires, devices and techniques.
Even successful procedures require too much time, too much
radiation exposure to the operators and patient, too many stents to
cover the occlusion and long distal dissections and carry the risk, like
the STAR technique, of covering many side-branches which induces
myonecrosis and generates a low flow status at high risk of re-
occlusion even after drug eluting stent implantation.

So, can we do anything further to increase our chances of success
and reduce the procedure times? Computed tomography (CT) offers
many potential tools to solve these problems since the soft tissue or
calcium of the occluded segment can be followed along the

occluded segment, while the three dimensional nature of CT allows
assessment of the reconstructed silhouette in all the desired
angiographic planes. Advances in software technology allows co-
registration of multimodality imaging so that 3D images of the
occluded segment can be accurately analysed, reconstructed and
then superimposed onto the conventional angiographic images in
the catheter laboratory.

Nevertheless, the paper by Garcia-Garcia et al* in this issue of
Eurolntervention raises more questions than it answers, since
despite the detailed anatomical information provided by CT
angiography coupled with a wide range of specialised wires and
devices and highly experienced operators, the overall success rates
in this registry remains relatively low at 62.7%. This raises the
question of whether we should be using CT angiography as
a routine part of the preprocedural assessment for patients who will
undergo lengthy procedures with significant radiation exposure. The
authors found that the mean effective radiation dose of the PCI was
39.3 mSv with an additional mean effective radiation dose of
22.4 mSv for the CT scan, i.e. a total of 61.7 mSy, which is a 20-fold
increase on annual background radiation and the equivalent of
3000 chest X-rays®. Is this exposure excessive? Effective radiation
doses are commonly quoted, but it is important to realise that organ
equivalent doses differ from the effective dose — the thymus gland,
breast and lung receive higher doses®. The lifetime attributable risk
(LAR) of cancer resulting from a 64-slice coronary CT has been
estimated at 0.22% for a 60 year-old female and 0.081% for a 60-
year old female. The LAR is lower in males and in older patients:
fortunately, not many young females have CTO’s but these young
patients are at highest risk of iatrogenic cancer: for example the
0.7% LAR for a 20-year old female is clearly significant and is not
dissimilar to the periprocedural risks associated with invasive
diagnostic coronary angiography.

One of the drawbacks of any registry of CTO’s is the limited number
of patients. This may explain the surprising finding that patients with
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bridging collaterals more often had a higher success rate (bridging
collaterals were present in 59.5% of successful cases vs. 43.4% of
unsuccessful cases, p=0.04). In this current registry, a further
limitation is the use of a variety of CT systems, ranging from 16-slice
up to 64-slice dual source, since different scanners have different
effective radiation doses. Although 64 slice scanners have higher
sensitivity and specificity when compared to 16- or 4-slice
scanners, they also significantly increase radiation exposure from 5-
8 mSv in a 4-slice scanner up to 15-20 mSv with a 64-slice
scanner’. However, a recent report on effective dose in coronary
angiography performed by dual source CT found mean values of
7.8-8.8 mSv and found that radiation dose decreased with
increasing heart rate®. For comparison, conventional invasive
coronary angiography conveys an effective dose of approximately
5.7 mSv®. The latest generation of scanners currently under
evaluation promise to reduce the radiation exposure even further:
the effective dose with 256 slice CT is approximately 38% and 49%
lower than for 16-and 64 slice scanners!® and the radiation dose
from a 320-slice scanner is only 6.8mSv!!,

Ultimately, the main question is whether the benefits of multislice
CT (MSCT) outweigh the risks and costs. Garcia-Garcia et al
highlight the limitations of conventional angiography in the
assessment of coronary artery calcification and found that the only
independent predictor of success was calcification >50% of the
cross-sectional area when measured by MSCT. This finding differs
slightly from a previous report by the same group, which suggested
that a blunt stump (by conventional angiography), occlusion length
>15 mm, and severe calcification (by 16-slice CT) were
independent predictors of procedural failure!.

Nonetheless, it does seem logical that patients with excessive
calcification would have lower success rates. If this is the only useful
predictive information provided by MSCT, the next question is which
type of scanner is the most appropriate for pre-procedural CTO
assessment? These patients have already undergone conventional
angiography and their diagnosis is already known. If the degree of
calcification is the most important information derived from the CT
scan, then maybe a lower resolution scan with corresponding lower
radiation dose is adequate. Ideally, the value of MSCT in this setting
is best answered with a randomised trial comparing procedural
success and clinical outcomes in patients undergoing
preprocedural CT angiography versus no CT or simpler calcium
scoring. Unfortunately, such a trial will always be limited by the
relatively low numbers of patients treated percutaneously for CTO’s.
Perhaps further assessment of the role of CT angiography in these
patients should be delayed until more advanced scanners with
lower radiation doses are available. If MSCT scanning can improve
our chances of technical success (or can indicate which patients
should not undergo PCI due to a very low chance of success), then
preprocedural lower radiation imaging may have a role in the future.
Nevertheless, patients undergoing MSCT assessment of CTOs
should be advised about the excessive total radiation exposure and
increased lifetime risk of cancer before this route is taken.
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