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…30 years after…. 
Lung adenocarcinoma --- left upper lobe--- 

2.5 cm, no mediastinal pathologic lymphnodes 
cT1N0M0 

Surgery contraindicated 

Radiotherapy and Cardiac Implantable Electronic Device 



• 24.285 PM 
 

• 15.363 ICD 

 363.000 new diagnoses 
 Radiotherapy in ≈ 50% of 

patients 

• The proper functioning of PM and ICD can be affected by radiation treatment 
due to the direct or diffuse effects of ionizing radiation and/or electromagnetic 
interferences produced by linear accelerators on cardiac devices 
 

• After radiation therapy, device failure occurs in about 2.5 % of patients with PM 
and 6.8 % of patients with ICD [Zaremba et al, PACE 2015 ] 
 

• There is still a significant lack of knowledge regarding the safe management of 
cancer patients with implantable cardiac devices facing radiation treatment  
 

• Before 2012 the most cited guidelines were AAPM (originating in 1994!!) 
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Heart Rhythm New Zealand Council (2015) 
Radiotherapy position statement              
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Radiation therapy is shifting from 
use of primarily conventional 
techniques and conventional  
fractionations  to IMRT  and arc 
techniques and the use of more 
hypofractionated  schedules 
The higher fraction dose might 
lead to a potentially higher dose 
per fraction to a CIED... 

However, the use of more 
modern techniques has led to 
a reduced use of high energy 
photon beams, potentially 
leading to less dose to a 
CIED… 

Radiotherapy and CIED 
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• In vitro  and in vivo clinical studies have shown that ionizing 
radiation and electromagnetic fields can cause permanent and/or 
latent damages to CIED due to ionization of semiconductors present 
in the circuits of these devices, to changes in voltage and to creation 
of aberrant electrical pathways induced by irradiation itself 

 
 

• ICD are probably more sensitive to irradiation (5–10 times more 
than PM) because of their higher sensitivity to diffuse irradiation: a 
direct exposure to cumulative doses higher than 0,5 Gy can lead to 
the rupture of the ICD 

Effects of ionizing radiation and  
electromagnetic fields on PM and ICD 
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• Electromagnetic interference (EMI) 
may lead to inappropriate sensing of a 
myocardial potential, resulting 
inhinibition of the output, fixed rate 
pacing or reprogramming. These 
effects are mainly temporary or 
reversible  

Effects of ionizing radiation and  
electromagnetic fields on PM and ICD 
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• Electromagnetic fields 
around modern linear 
accelerators have decreased, 
reducing the concern to 
patients with a CIED: EMI 
dose not seem to be of 
clinical relevance 



Type of device failure during radiotherapy 

Modified from DEGRO/DGK guideline, 2015 
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In Vitro Studies 



C A R D I O N C O L O G I A  2 0 1 7   

D o m a n d e ,  R i s p o s t e  E…D u b b i  

Hurkmans C et al, 2005 
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Clinical Studies 



Clinical consequences of CIED malfunction 

Malfunctions can lead to different clinical consequences for 
patients, ranging from symptomatic bradycardia, hypotensive 
crisis, cardiogenic shock and angina pectoris, to more critical and 
extreme conditions as asystole, ventricular fibrillation, stroke and 
death 
 
1) PACING FUNCTION: a complete loss of pacing ability will have 

major implications for pacing dependent patients 
2) TACHY-ARRHYTMIA ICD THERAPY: the probability of ICD 

therapy occuring at least once during a 6 week course of 
radiation treatment is about 0.7%, but it’s shown in vitro that 
an ICD could interpret RT induced signals as an arrhytmia, 
which may leads to inappropriate shock delivery. Such ICD 
shocks in patients are uncomfortable, although not lethal 
 

RELOCATION MAY BE CONSIDERED!!!!! 
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How high is the risk for the patient? 
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• “Pacing dependent” patient 
 the absence of a cardiac intrinsic 

rhythm of 30 beats per minute for which 
the abrupt cessation of cardiac pacing 
due to the abnormal operation of the 
implanted device creates a situation of 
extreme emergency  

 
• “Pacing independent ” patient 
 intrinsic ventricular rate greater than 

30 beats per minute and who have 
never experienced a situation of clinical 
emergency related to bradycardia 



Potential clinical risk 

Hurkmans C et al, 2012             DEGRO/DGK guideline, 2015 
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Patient management 

Hurkmans C et al, 2012 
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P. L. female 75 y.o. 

January 2011: nodular lesion  at the apex of the left lung;  

PET SUV max 4.6 clinical proof of malignancy 

 
Cardiovascular history 
1009: acute miocardial infarction (CABG + left ventricular aneurismectomy) 
2004: cronic heart disfunctiion  ICD + biventricular PM 

2009: last episode of VT, correctely treated by ICD 
Ex smoker- cronic kidney disease – HTA NIDDM 
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March 2011 
 

• Stereotactic Ablative Radiotherapy 54 Gy in 3 fractions 

• Switch off tachycardia-therapy before every fraction 
• Crashcart present during RT 
• ICD check and reprogramming after every fraction 
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Follow up 
 

February 2017 
 

• NED 
 

• RTOG chronic radiological toxicity G1, no clinical toxicity 
 

• December 2011 major ventricular arrhytmia,  

 correctly recognised and cardioverted by ICD 
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19 patients  (14 males, 5 females) 
 
Median age: 76.5 yo 
NSCLC; hypofractionated RT  
 most of patients SABR 
 Dmax CIED: 0.5 Gy 
 
Median ventricular threshold:  
0.91 + 1.01 pre-RT  
1.03 + 1.06 post-RT P= 0.07 
 
Battery life pre - RT 77 months 
Battery life post- RT68.5 months 

P: 0.06  
 
 
 
 
 

Clinical experience @ University of Turin 

2007-2016 

Median atrial threshold:  
0.86 + 0.89 pre  
0.97 + 0.92 post  P= 0.12 
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Take home messages…. 

A close collaboration between cardiologist, radiation oncologist 
and physicist is mandatory 

 
 Use of energy equal or below 6 MV is preferable 
 Total dose < 2 Gy to the PM  
    < 1 Gy for the ICD 
 Weekly device check during the full period of radiation therapy in low- and 

intermediate-risk patients with an ICD and in intermediate-risk patients with a PM  
 Expert device evaluation (PM or ICD) within 24 h after the end of each session of 

radiotherapy in high-risk patients 
 Equipment for cardiopulmonary resuscitation available during the treatment period 

Grazie per l’attenzione!!!!! 


