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In place of…



https://www.acea.be/uploads/statistic_documents/ACEA_Report_Vehicles_in_use-Europe_2018.pdf



Definition of Driving Licence Groups

Margulescu AD and Anderson MH. Arrhythmia & Electrophysiology Review 2019;8:90–8.



https://www.who.int/en/news-room/fact-sheets/detail/the-top-10-causes-of-death



Age distribution of patients
Age at first evaluation for syncope at Mayo Clinic

All patients (n=3877)

Patients who had syncope while driving 

(n=381).

Sorajja D et al Circulation. 2009;120:928-34



Causes of syncope

Driving Group:

• Recurrent syncope in 72 patients (8-year probability, 25.1%) 

• Actuarial recurrence of syncope at 6 months was 12.0%

• Actuarial recurrence of syncope at 12 months was 14.1% 

• 61 (84.7%) had a prior history of syncope. 

• 37 (51.3%) of recurrences occurred within 6 months 

• 44 (61.1%) of recurrences occurred within 12 months.

Sorajja D et al Circulation. 2009;120:928-34



PM implant procedures

Zecchin et al. Submitted to Am J Cardiol



ICD implant procedures

Zecchin et al. Submitted to Am J Cardiol



Annual Risk of Harm (RH) as a result of driving
(1992 Canadian Cardiovascular Society, updated in 2003)

RH = TD x V x SCI x Ac

where:

• TD is the time spent driving; TD is 0.25 (25%) for professional drivers because the average time spent driving is 6 

hours per day; and 0.04 (4%) for social drivers because they spend, on average, 1 hour driving per day

• V is the type of vehicle; V is 1 for trucks and 0.28 for family cars because, on average, accidents involving trucks 

cause 7.2% of fatalities, despite causing only 2.0% of road accidents (2.0 ÷ 7.2% = 0.28). 

• SCI is the risk of sudden incapacitation; SCI is 0.01 (1%), which was the estimated annual risk of SCD of a truck 

driver who had not had an acute MI within the previous 3 months, is in functional class I, has a negative exercise 

tolerance test, is able to perform at least 7 METS during the treadmill test, and has no documented ventricular 

arrhythmia

• Ac is the probability that an episode of sudden incapacitation will result in a fatal or injury-producing accident.  Ac is 

0.02 (2%) because only 2% of accidents caused by drivers suffering SCD or sudden incapacity while driving has 

resulted in harm or death of other road traffic users or bystanders

Margulescu AD and Anderson MH. Arrhythmia & Electrophysiology Review 2019;8:90–8.



Kim et al Time Course of ICD Therapy and Driving, Heart Rhythm 2015 

OMNI - multicenter postmarket observational study

None of the SCI risk was > 
0.223



Moss el al et al NEJM 2012

MADIT - RIT 



Cumulative probability of first occurrence of arrhythmogenic syncope

MADIT-RIT subanalysis 

Ruwald et al Circulation 2014;129:545-552



Motor Vehicle Accidents in Patients With an ICD

Surveys sent to all 742 physicians in the United States involved in ICD implantation and follow-up (1995)

• Surveys were returned by 452 physicians (61%). 

• 30 motor vehicle accidents related to shocks from ICD were reported by 25 physicians over a 12-year 

period (1980-1992)

• 9 were fatal accidents involving 8 patients with a defibrillator and one passenger in a car driven by a 

patient. 

• 21 nonfatal accidents involving 15 patients, 3 passengers and 3 bystanders. 

• Estimated fatality rate for patients with a defibrillator: 7.5/100,000 patient-years (general population: 

18.4/100,000 patient-years, p < 0.05).

• Estimated injury rate, 17.6/100,000 patient-years (general population 2,224/100,000 patient-years, 

p < 0.05). 

• 10.5% (30 of 286) of all ICD discharges during driving resulted in accidents

Curtis et al J Am Coll Cardiol 1995;26:180-4



Trappe et al Journal of Interventional Cardiac Electrophysiology 1998;2:193–201

Driving behaviour prior to and after ICD implantation: the TD factor

In HR-formula

0.25 for profesional drivers

0.04 for private drivers



Annual Risk of Harm: appropriate interventions
(Accepted level of RH: 5 per 100 000)

Thijssen et al European Heart Journal 2011;32:2678–87

Primary prevention Secondary prevention





While pacemakers can effectively prevent the occurrence of 

bradyarrhythmias, ICDs do not prevent VT/VF but treat those 

rhythms once they happen by either overdrive 

antitachycardia pacing (ATP) or internal cardioversion. 

Syncope may still occur in patients who develop VT/VF 

despite having an ICD because of the time delay between 

arrhythmia occurrence, effective treatment and restoration of 

normal brain perfusion.

DIFFERENCES BETWEEN PM AND ICD





Driving Regulations and Expert Consensus Documents

Watanabe E. Journal of Arrhythmia 2017;33:594–601



Mylotte et al Europace 2013;15:212–8

Driving characteristics following ICD implantation



Tondato F et al. Int J Cardiol 2017;227:318-24



• In Europe and in Italy there is about 1 car every 2 inhabitants and each year approximately 45.000 PM and 24.000 ICD are 
implanted

• Car accidents are 1 of the 10 leading causes of death in the world

• Despite a not negligible risk of discharge, accidents, injuries and fatalities are rare in ICD patients

• Driving behaviour changes in most patients after ICD implantation and restrictions are not always attended

• For PM implantation, ICD in primary prevention and PM/ICD replacement driving restrictions are due to wound healing 
only

• For ICD in secondary prevention and after ICD appropriate interventions restrictions vary from 3 to 6 months

• Considering more recent data, driving restrictions could be less restrictive in low-risk patients

• For patient refusing ICD for secondary prevention driving should be withheld for 7 months after the VA

• Professional driving is not allowed in patients with an ICD or with an indication to implantation.

Conclusions




