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The technical advances in percutaneous coronary intervention 
(PCI) of chronic total occlusions (CTO) are well documented: in 
randomised trials the success rate has been reported as 87%1,2, and 
in expert centres above 90%. One aspect of CTO PCI is often 
neglected in daily practice as it does not carry immediately obvi-
ous risks for the patient, namely the radiation exposure during 
often lengthy procedures. In a meta-analysis of complications 
related to CTO PCI, radiation risk is mentioned but the incidence 
was almost zero3. This is too low, because none of the studies 
reviewed looked for actual damage. Radiation damage to the skin 
typically appears a few days after discharge on the back of the 
patient. Even then, it is seldom realised without specific instruc-
tions for follow-up examinations. There are a few studies which 
have explicitly looked for skin injury, revealing a higher incidence 
when re-examining the patient carefully after the procedure4. 
Damage to the skin may occur with a skin entry dose as low as 
2 Gy and invariably after 5 Gy, leading to different degrees of skin 
alteration5 (Figure 1).

Raising awareness of radiation damage together with a disci-
pline of radiation-saving protocols in the cath lab is important 
and overdue. Not only has the recanalisation technique evolved, 
but also X-ray equipment has been further refined with a specific 
focus on radiation safety. However, minimising radiation requires 
the active interaction of the operator with the machine. The paper 
by Ge et al in this issue of EuroIntervention6 contributes to the still 
scarce literature on radiation exposure and active radiation reduc-
tion in CTO PCI.

Article, see page 538

This is for the benefit of the patient, and also for the sake of 
the operator and the cath lab staff7. The authors report on a modi-
fied low-dose protocol based on modified filters and a reduced 
frame rate for cineangiography. They observed no loss of pro-
cedural success or safety during their procedures. They do not 
compare this to a previous time period but put it into perspec-
tive with recently published data from other CTO registries. 
They also present an experimental model in which they showed 
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the positive impact of this protocol on radiation dose. They var-
ied projection angles and recorded operator exposure and com-
pared this to a standard protocol without filters and higher cine 
frame rates.

The observed reduction in radiation dose could have been even 
higher, if the operators had modified the fluoroscopy rate as well. 
It should be noted that of course radiation during cineangiography 
is the main contributor to the total radiation exposure but, given 
the trend to use fluoroscopy storage wherever feasible and reduce 
cineangiography to a minimum, the contribution of fluoroscopy 
frame rates becomes more relevant. A randomised study on the 
radiation saving effect of a fluoroscopy rate of 7.5 versus stand-
ard rates of 15/s showed a significant radiation reduction. Again 
that study did not use the whole potential of radiation reduction as 
they used cineangiographic frame rates of 15/s8. The human eye 
can hardly discriminate between a 15 or 7.5/s frame rate and, if 
the equipment allows the modification, we can even work com-
fortably with 6 pulses/s for fluoroscopy, with no negative impact 
on the success rate9. We may increase the cineangiographic rate 
to 15/s for detailed assessment of the collateral circulation, but 
then should actively reduce it again and prefer fluoro over cine 
documentation.

Ge et al compare their study results with a few published 
registry observations, but what is missing as one of the major 

determinants of radiation exposure is the body weight or body 
mass index (BMI). This value is required to compare studies in 
different populations. In the USA, and also in Europe, the weight 
and BMI are considerably higher. In the present study the BMI 
was 25.9, in our study it was 28.8 at 88 kg9, and in the recent 
OPEN-CTO registry from the USA the air kerma (AK) of 2.5 Gy 
was as low as in Ge’s study, but at a BMI of 30.510.

These comparisons underscore the potential of further optimis-
ing the radiation reduction measures in our cath labs beyond that 
which was demonstrated in the current study. The management 
of radiation must be an integral part of a CTO procedure and the 
general ALARA (as low as reasonably achievable) rule of radio-
graphy needs to be followed. While in the USA an excess of radi-
ation may even carry legal consequences, this is not the case in 
most other countries. However, it is the operator’s responsibility 
to minimise damage to the patient and to do what is possible with 
the highly developed X-ray systems we have available.
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Figure 1. Example of excessive radiation exposure and skin damage, and minimised radiation exposure in the same patient. A 53-year-old 
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drug-eluting stents (arrows). The fluoroscopy time was 85 min, with only 2.215 Gy using a low-dose radiation protocol9.



e498

EuroIntervention 2
0
1
8

;14
:e

4
9

6
-e

4
9

8

Hoole SP, Ej West N, Piek JJ, Zaman A, Fath-Ordoubadi F, 
Stables RH, Appleby C, van Mieghem N, van Geuns RJ, Uren N, 
Zueco J, Buszman P, Iniguez A, Goicolea J, Hildick-Smith D, 
Ochala A, Dudek D, Hanratty C, Cavalcante R, Kappetein AP, 
Taggart DP, van Es GA, Morel MA, de Vries T, Onuma Y, Farooq V, 
Serruys PW, Banning AP. Clinical outcomes of state-of-the-art per-
cutaneous coronary revascularization in patients with de novo three 
vessel disease: 1-year results of the SYNTAX II study. Eur Heart J. 
2017;38:3124-34.
 2. Werner GS, Martin-Yuste V, Hildick-Smith D, Boudou N, 
Sianos G, Gelev V, Rumoroso JR, Erglis A, Christiansen EH, 
Escaned J, di Mario C, Hovasse T, Teruel L, Bufe A, Lauer B, 
Bogaerts K, Goicolea J, Spratt JC, Gershlick AH, Galassi AR, 
Louvard Y; EUROCTO trial investigators. A randomized multicen-
tre trial to compare revascularization with optimal medical therapy 
for the treatment of chronic total coronary occlusions. Eur Heart J. 
2018;39:2484-93.
 3. Patel VG, Brayton KM, Tamayo A, Mogabgab O, Michael TT, 
Lo N, Alomar M, Shorrock D, Cipher D, Abdullah S, Banerjee S, 
Brilakis ES. Angiographic success and procedural complications in 
patients undergoing percutaneous coronary chronic total occlusion 
interventions: a weighted meta-analysis of 18,061 patients from 65 
studies. JACC Cardiovasc Interv. 2013;6:128-36.
 4. Kato M, Chida K, Sato T, Oosaka H, Tosa T, Munehisa M, 
Kadowaki K. The necessity of follow-up for radiation skin injuries 
in patients after percutaneous coronary interventions: radiation skin 
injuries will often be overlooked clinically. Acta Radiol. 2012;53: 
1040-4.
 5. Valentin J. Avoidance of radiation injuries from medical 
interventional procedures. Ann ICRP. 2000;30:7-67.

 6. Ge L, Zhong X, Ma J, Fan B, Lu H, Qian J, Ge J. Safety and 
feasibility of a low frame rate protocol for percutaneous coronary 
intervention to chronic total occlusions: preliminary experience. 
EuroIntervention. 2018;14:e538-45.
 7. Buchanan GL, Chieffo A, Mehilli J, Mikhail GW, Mauri F, 
Presbitero P, Grinfeld L, Petronio AS, Skelding KA, Hoye A, 
Mehran R, Morice MC; Women In Innovation Group. The occupa-
tional effects of interventional cardiology: results from the WIN for 
Safety survey. EuroIntervention. 2012;8:658-63.
 8. Abdelaal E, Plourde G, MacHaalany J, Arsenault J, Rimac G, 
Dery JP, Barbeau G, Larose E, De Larochellière R, Nguyen CM, 
Allende R, Ribeiro H, Costerousse O, Mongrain R, Bertrand OF; 
Interventional Cardiologists at Quebec Heart-Lung Institute. 
Effectiveness of low rate fluoroscopy at reducing operator and 
patient radiation dose during transradial coronary angiography and 
interventions. JACC Cardiovasc Interv. 2014;7:567-74.
 9. Werner GS, Glaser P, Coenen A, Moehlis H, Tischer KH, 
Koch M, Klingenbeck R. Reduction of radiation exposure during 
complex interventions for chronic total coronary occlusions: 
Implementing low dose radiation protocols without affecting proce-
dural success rates. Catheter Cardiovasc Interv. 2017;89:1005-12.
 10. Sapontis J, Salisbury AC, Yeh RW, Cohen DJ, Hirai T, 
Lombardi W, McCabe JM, Karmpaliotis D, Moses J, Nicholson WJ, 
Pershad A, Wyman RM, Spaedy A, Cook S, Doshi P, Federici R, 
Thompson CR, Marso SP, Nugent K, Gosch K, Spertus JA, 
Grantham JA. 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;10:1523-34.


