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Key point:  

We need cooperation between 
radiation oncologist and 

cardiologist 

Risk of cardiotoxicity after radiotherapy 

Radiotherapy in patients with pacemakers and 
implantable cardioverters-defibrillators 



Background: thanks to their longevity, 
patients treated with RT for breast 
cancer and Hodgkin’s L are at risk of 
heart complications 

 
Accelerated atherosclerosis  
Inflammation  
Fibrosis  
Fibrosis/Damage of the AV node and 
conduction system  

 
Myocardial infarctions  
Pericarditis  
Congestive heart disease  
Valvular disease  
Arrhythmias  



2168 women 
From 1958 to 2001 
 
Rate of Major Coronary 
Events According to 
Mean Radiation Dose to the 
Heart, as Compared with 
the Estimated Rate with No 
Radiation Exposure to the 
Heart 

Increase per gray, 7.4% P<0.001 

Darby, et al, NEJM 2013  



Risk by age 80 of RT at age 50 

0.7% 

1.7% 



Mean heart 
dose < 4Gy 

2015 



 
Reduction in 
cardiac exposure:  
Which  
technique?  

Deep-inspiratory Breath-hold  

Prone breast radiotherapy  

IMRT and VMAT 
 



It is highly probable that the risk of radiation-
related cardiac tox is lower than for patients 

treated in the past. The magnitude is uncertain 
 
Benefits After BCS, RT 
reduces the absolute 
risk of breast cancer 
death at 15 years by 4%  

 
Risks 50 years of age at RT, 
no cardiac risk factors 
mean heart dose of 4 Gy 
the absolute risk of 
radiation-related ischemic 
heart disease would be 
0,6% for mortality  

Cardiac risk can be estimated 
Cardiac risk varies 
For most women treated according to current guidelines, benefit 
outweighs cardiac risk. 



Background: 

There is a rising coincidence of 
patients aged 
over 65 years undergoing radiotherapy 
for malignancies and implantation of 
cardiac pacemakers (PMs) and 
cardioverter-defibrillators (ICDs) 

Radiotherapy is applied in up to 50 % 
of cancer cases 

It can be assumed that  
the number of patients in 
need of both therapies is 
growing due to 
demographic changes. 

Nitsche et al, Breast Care 2015 



Hystorical american guidelines 

Marbach et al, Med Phys 1994 

RT changed from the use 
of primarily conventional 
techniques and 
conventional fractions to 
IMRT /ART and 
hypofractionation.  
 
 
 
 
 
Modern 
CIEDs are still 
radiosensitive because of 
their increased circuit 
complexity 



Potential errors in CIEDs 



In vitro studies on cardiac implantable 
electronic devices 



In vivo results with cardiac 
implantable electronic devices 



Guidelines  



Risk assessment 

� Delineation of the estimated 
radiation dose to a CIED 
implanted in typical left 
pectoral location depending 

Dose >10Gy 

Dose 2-10Gy 

Dose <2 Gy 



Risk groups: 

RISK FOR CLINICALLY RILEVANT INTERACTION IN ICD PATIENTS 

RISK FOR CLINICALLY RILEVANT INTERACTION IN PM PATIENTS 

DEGRO guidelines, S&O 2015 



CLINICAL CASES: 
�  Patient of 80 yrs 
�  Diagnosis of NSCLC of left lung, stage cT2N0M0 
�  Indication to stereotactic RT: 45 Gy, 15 Gy/fr. 
�  Heart stroke: ICD bicamerale Biotronix lumax 540 

Magnet placement 
Repetitive interrogation 

Dosemax 0.2Gy 



Flowchart of  
suggested safety measures 

Zaremba et al, Europace 2015 



Measures before radiotherapy 

�  Identification of CIED in patient’s chart, specification of CIED 
(manufacturer, model). 

�  The patient should be made aware of potential signs . In this case, patients 
should seek immediate advice with their treating cardiologist. 

�  Documentation of RT-associated risks in consent form. 

�  If CIED is located in beam: seek contact with treating cardiologist; 
discussion of relocation is advised 

�  Presentation at cardiologist: parameters, pacemaker-dependency. 

�  RT planning: acquisition of CIED in planning CT if feasible, limitation of 
energy to 6 MV (10 MV) when photons are used, computation/recording 
of cumulative radiation dose to CIED, no direct placement of CIED in 
beam. 

�  Classification into risk category (low, intermediate, high). 
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Measures during radiotherapy 
�  In vivo dosimetry at CIED during first fraction and comparison with 

calculated CIED dose. 

�  Pacemaker-dependent patients: consider asynchronous stimulation; either 
through reprogramming or magnet placement. 

�  ICDs: Deactivation of ATA therapy throughout each RT session; either 
through reprogramming or magnet placement 

�  Continuous audiovisual contact. Continuous ECG and SpO2 monitoring in 
patients with suspended ATA therapy and high-risk patients.  

�  Availability of cardiologist and programming device. 
�  Emergency protocol: immediate notification/activation of a reanimation 

team, high-risk patients need continuous presence of cardiologist, 
anesthesiologist, emergency physician. 

�  CIED interrogation after every RT session including reprogramming and 
reactivation of initial settings or antitachycardia therapy. 
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Measures after radiotherapy 
�  Final interrogation (threshold levels, sensing and stimulation 

parameters, lead impedance, battery capacity), reprogramming of 
CIED. 

�  Analysis of any CIED irregularities in connection to RT and 
forwarding of data to manufacturer; even clinically nonsignificant 
changes in parameter settings may precede CIED defects. 

�  Exchange of CIEDs with significant defects even if the malfunction 
is temporary and full device recovery is observed. 

�  Repetitive interrogation 1, 3, and 6 months after RT; telemetric 
surveillance if available. 

�  Education of patient for clinical symptoms of CIED failure (irregular 
or slow cardiac rhythm, dizziness, syncope), emergency sounds 
emitted by CIED. 
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Grazie! 


