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Intensity-modulated radiation therapy (IMRT)

VMAT consente una distribuzione di dose altamente conformata con unamigliore copertura della massa tumorale, garantendo un maggior risparmiodei tessuti sani rispetto alle tecniche di radioterapia convenzionali. LaVMAT ha anche il vantaggio di ridurre il tempo di erogazione deltrattamento con un tempo medio di trattamento di circa 5-7 minuti perseduta rispetto ai 20 minuti delle tecniche a intensità modulata a fasciostatico (IMRT).



Modern CIEDs require 50.000.000 CMOS Transistors vs <1000 in the most advanced 1994 bipolar designs.



SE – Single EventA single event is the interaction of an energetic particle such as a neutron with a semiconductor. Theimpacting particle gives off energy to the material, which is known as LET (Linear Energy Transfer). Theoccurrence is random and depends largely on the energy of the particle.The effects of single events are observable and measurable errors. A distinction is made between a harderror and a soft error. In the event of a soft error, “only” data is corrupted. A hard error, on the other hand,which requires very high radiation, irreversibly destroys the semiconductor. The latter case can almost beruled out when using numerical protection devices in their typical locations.SEU – Single Event UpsetA single event upset is the change in a logical state (bit flip) in a writable, electronic memory cell (softerror) caused by a single event.The different types of collision can result in a variety of secondary products, which cause a current pulseat the output of the attacked transistors. This can lead to a change in the charge distribution and thus to a“switching” of a p-n junction



Disfunzioni Transitorie o Permanenti
• Disfunzioni associate a transitoria interferenza elettromagnetica (EMI) solodurante irradiazione (inappropriato triggering):
- Inibizione del pacing ventricolare o oversensing atriale con elevata frequenza distimolazione ventricolare;
- Inappropriato pacing alla frequenza massima del sensore;
- In caso di ICD: inappropriato riconoscimento diagnostico come TV/FV ed ancheterapia inappropriata di pacing e/o shock.• Irradiazione con generazione di Neutroni:
- Reset con riprogrammazione nella modalità di pacing di «back-up»
- Risolubile con riprogrammazione clinica o mediante intervento degli ingegneridella ditta costruttrice;• Irradiazione diretta:
- Danno permanente del device



Electromagnetic interference (EMI)
Induced effects from EMI may result in sensing the field as myocardialpotential resulting in
1. inhibition of the output,
2. shut-off of the reed switch (electrical switch operated by appliedmagnetic fields sensor susceptible to EMI) that would result in fixedpacing rate,
3. triggering of output,
4. isolated serious permanent disruption of function and inappropriatereprogramming.



CIED within or close to an RT treatment volume• It is not possible to predict the behavior of a CIED within or close toan RT treatment volume.
• General recommendations should be followed tominimize patientrisks. RT-induced CIED malfunction
• They can manifest in:
- 1) transient interference (EMI), with inappropriate triggering duringthe irradiation only;
- 2) a reset, reverting to backup settings, recoverable with devicereprogramming, due to neutron contamination;
- 3) rarely, permanent damage to the device due to direct CIEDirradiation.



Device Relocation
•Very rare and recommended only• If the current location of the device interferes with adequatetumor treatment• or in very selective high-risk patients



Risk of CDIE Malfunction with HEPhT
• Radiotherapy uses high-energy ionizing radiation including X-rays,gamma rays, and charged particles, which might cause software andhardware errors in CIEDs, especially when photon radiation beam energyexceeds 6-10 MV, and the radiation dose to the device is high (>2-10 Gy).• Hard errors are rare, and are most often due to direct irradiation to thedevice. This can cause irreversible hardware damage, requiring devicereplacement.• Soft errors aremore common, and are associated with secondaryneutron production by irradiation. Such errors typically include resetsof the device without causing structural damage, and can be solvedwithout replacement (device reprogramming).



2) a reset, reverting to backup settings,recoverable with device reprogramming;
• Transient reset oversensingmight lead to inappropriate VT/VFdiagnosis and/or ICD shocks;
• Transient reversion to backup pacing recoverable with thereprogramming of the device assisted by electrophysiologists orengineers.

• Permanent reset requiring device replacement.



1) transient interference (EMI), withinappropriate triggering during the irradiationonly• inhibition of pacing;
• inappropriate pacing at maximum sensor rate;
• oversensing might lead to inappropriate VT/VF diagnosis and/or ICDshocks;





Risk of CDIE Malfunction for PM/ICD pts
• Electromagnetic interference during radiotherapy can causeoversensing, although this very rarely occurs in clinicalpractice.



Device failure after radiation therapy• 50% of malignancies require RT for either curative or palliative intent.• Radiation doses used in cancer therapy are measured in Gys;• 1 Gy = 1 Joule of absorbed energy of ionizing radiation per 1 Kg of matter.• RT consists of several treatments over days or weeks, with daily fractions oftipically 1.8-2 Gy.• Cumulative doses of up to 80 Gy are given of curative RT for solid tumours, with atotal radiation dose of approximately 50 Gy for breast cancer and 60-66 for lungcancer.• Photon are generated and delivered by a linear accelerator.• By increasing the beam energy of the linear accelerator, the depth of themaximal delivered radiation dose increases: commonly 6-20 MV.• Device failure after Radiation Therapy:2.5% with PM6.8 % with ICD



Cumulative dose to CIED
• CIED > 10 cm: cumulative dose will be < 2 Gy: in vivo dosimetry is notnecessary
• CIED 3-10 cm from edge of Radiation treatment area: in vivo dosimetryover the CIED will bemeasured from the first fraction;
• CIED < 3 cm (5% isodose line): treatment planning system (TPS) will beused to estimate the maximum dose for the CIED.
• Ifmeasured or estimated cumulative dose > 2 Gy: treatment planningmodifications can be considered or the pt should be managed according totheMedium/High-Risk category (> 5 Gy: High risk category).





Considering the upper limit of cumulative dose that can besafely received by CIED in patients undergoing RT, 14% of therespondents declared the limit of 2 Gy, whereas for a smallerproportion of centres (10%), the limit depended on the CIEDmanufacturer, CIED type (ICD, resynchronization pacemaker, or‘standard’ pacemaker), or was influenced by patients’characteristics (each reported by 10% of the centres). Of note,7% of centres accepted as safe a dose of up to 5Gy, another 7%adopted no safety limit and treated all CIED patientsundergoing RT the same way, and 38% of the respondents didnot know which limit should be used.











In any case, the use of neutron-producing energies should be avoided whenever possible as this dramatically reduces the risk ofCIED malfunctions, especially when ICD and CRT-D devices are involved. This should be possible in most patients, asenergies >6MV are hardly needed when advanced techniques such as static intensity-modulated radiation therapy (IMRT)/volumetric modulated arc therapy (VMAT) are used

















APSS: casistica
70 CIEDs - Rx Terapia
• Magnete in PM-dipendenti e riprogrammazione degli ICD (OFF)
• Monitoraggio ECG telemetrico intraoperatorio
• Monitoraggio settimanale postoperatorio del funzionamento dei devices
• Non malfunzioni.
10 - Protonterapia (magnete per i CDIEs)
• Non malfunzioni.









IL fisico medico dovrà considerare che
• Il CIED non deve essere posizionato in fascio diretto• L’ energia del fascio X deve essere ≤ 6 MV e per gli elettroni ≤ 15 MV per evitareproduzione di neutroni.
• Stimare la dose massima cumulativa ricevuta dal CIED; se prossima a 2 Gy, dovràeffettuare la dosimetria in vivo.• Stimare la distanza del CIED in cm dal bordo del campo più vicino: se < 3 cm,bisogna comunque effettuare la dosimetria in vivo.• Nelle più recenti indicazioni delle LG, le classi di rischio vengono ridotte a 2anzichè 3. Il rischio intermedio è considerato insieme a quello Alto.



IL cardiologo elettrofisiologo dovràconsiderare se
Prima della seduta di RT:- Buon funzionamento e dipendenza dal CIED (pacing; frequenti terapie ICD);
Dopo la seduta di RT:- Verificare se il device è entrato in modalità di reset (modalità asincrona reattiva al«rumore da EMI»)- Riprogrammare il CIED come prima della RT, se modificato- Verificare il buon funzionamento ed integrità del CIEDa) Nell’ altissimo rischio prima di scollegare il paziente subito dopo la seduta;b) Nell’ alto rischio: dopo la prima seduta e poi settimanalmenteb) Nel basso rischio: dopo la prima seduta e poi periodicamente- Controllo per tutti i CIED a 1-(3)-6 mesi dopo la fine della RT.- Monitoraggio Remoto



Conclusions: CIEDs and Radiotherapy
• The pooled prevalence of RT-related CIED malfunctions is variable, ranging fromaround 4% to 20%;
• The use of neutron-producing energies is associated with a higher risk of CIEDmalfunctions as compared to non-neutron-producing energies;
• ICD/CRT-D showed a higher risk of malfunctions as compared to PM/CRTP.
• A higher radiation dose, that is, Dmax >2 Gy did not confer a significantly higherrisk of CIED malfunctions.
• Low- and High-Risk (55% and 45% of pts) classes algorithm is a betterclassification in the management of CDIEs during RT.
• ECG monitoring during RT sessions; CIED clinician available within 10 min;
• Magnet/device reprogramming and weekly CIED interrogation are importantparts of the multidisciplinary and safe management of High-Risk patients.



Elettrobisturi



Elettrobisturi
 è utile ridurre l’applicazione ad intervalli di 5 secondi o meno, conpause di almeno 5 secondi
 è consigliabile minimizzare la durata e l’ energia delle applicazioni
 le interferenze si verificano più raramente quando l’elettrobisturiviene utilizzato al di sotto dell’ombelico, rispetto a quando vieneutilizzato al di sopra,
 posizionando la piastra dell’elettrobisturi lontana dal device ilrischio di interferenze diminuisce.• Le procedure gastrointestinali con elettrobisturi possono causareinterferenze.





























Gestione perioperatoria dei CIEDs
 programmare il pace-maker (PM) in asincrono nei pazienti PM dipendenti non è indispensabile per tutte leprocedure; è preferibile per molte procedure da eseguire al di sopra dell’ombelico utilizzare l’elettrobisturi a breviintervalli, posizionare un magnete sul PM per le procedure al di sopra dell’ombelico o per utilizzo duraturodell’elettrobisturi, avere il magnete a portata di mano per le procedure al di sotto dell’ombelico;
 i PM che necessitano di protezione dalle inibizioni possono essere programmati in asincrono mediante ilprogrammatore o ponendovi al di sopra un magnete;
 in genere non è necessaria una riprogrammazione del PM quando l’elettrobisturi viene utilizzato al di sottodell’ombelico.
 nei defibrillatori (ICD) l’inattivazione degli algoritmi di identificazione delle aritmie non è indispensabile in tuttele procedure; è raccomandata in tutte quelle che prevedono l’utilizzo di elettrobisturi in monopolare o nelleprocedure con radiofrequenza da eseguire in zone al di sopra dell’ombelico;
 il rilevamento di aritmie da parte dell’ICD può essere momentaneamente interrotto dalla sovrapposizione diun magnete sul device;
 il magnete posizionato sull’ICD non modifica in asincrono le funzioni di pacing;
– posizionare le placche per stimolazione e defibrillazione in senso antero-posteriore;
Monitorare con ECG il pz con ICD disattivato o PM-dipendente e posto in asincrono (con magnete oriprogrammazione).
Ricontrollare il device a fine procedura se riprogrammato (PMK in asincrono e ICD disattivando le terapieantitachi), in corso di chirurgia d’ emergenza, chirurgia cardiotoracica e vascolare, dopo intervento complicato daarresto cardiorespiratorio con defibrillazione, stimolazione temporanea o cardioversione elettrica.



Conclusions: Perioperative management
• Electromagnetic interference (EMI) may induce oversensing (more likely with unipolar leads), activation ofrate-responsive sensors, device resetting, or other damage.• The most common source of EMI is electrocautery, although it is rare during bipolar electrocautery >5cm from the CIED and monopolar electrocautery below the umbilicus.• To reduce the risk of EMI, monopolar electrocautery should be applied in short (<5 sec) pulses, with theskin patches away from the area of the device.• Other sources of EMI include radiofrequency procedures, nerve stimulators, and other electronic devices.• The peri-operative strategy should be tailored based on the individual needs and values of patients,procedure, and device.• Most procedures will not require any intervention.• In pacemaker-dependent patients, a magnet should be applied during delivery of diathermy pulses, or, ifEMI is likely to occur or magnet stability cannot be guaranteed, the device should be reprogrammed to anasynchronous mode (VOO/ DOO). The response to magnet application may differ between devicemanufactures.• CIEDs with a rate-responsive function using an active sensor may also require magnet application ordisabling of this function to prevent inappropriate rapid pacing.• Post-operative CIED interrogation is recommended if malfunction is suspected or if the device has beenexposed to strong EMI.


