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Introduction  
The World Health Organization has found road deaths to be the biggest killer of young people1, 
with 1000 young adult deaths daily attributed to road accident fatalities worldwide2. Young 
males, aged 18-24 have the highest collision rate in Ireland3, with similar findings noted 
globally4. Drivers in the 16-19 age group are found to be nearly 3 times more likely to be 
involved in an accident5, compared to those aged 20 or older. Guidelines and interventions 
specific to the causes of young driver accidents are vital in targeting current risk and further 
improving road safety in Ireland.  
 
Young adults represent the highest proportion of concussed adults annually6. Concussion is 
caused by a high-rate biomechanical force applied directly or indirectly to the face, head or 
body resulting in a transient alteration of brain function7. Such physical trauma often induces 
axonal injury causing an ionic shift which alters neuron potential in turn leading to a 
depolarization and an acute excitation of neurons8. This process uses a significant amount of 
adenosine triphosphate (ATP) and the body attempts to restore homeostasis through increased 
glycolysis. Increased glucose requirements however are coupled with up to 50% reduction in 
cerebral blood flow leading to an energy crisis, where ATP stores are limited8.This is followed 
by a wave of neuronal suppression, and a range of symptoms ensue including amnesia, loss of 
consciousness and/or cognitive dysfunction. Clinical symptoms usually resolve over time but 
there tends to be  high variability both in presentation and recovery. 
  
Advice on returning to driving post-concussion is absent from concussion management 
guidelines. The thrust of concussion management focuses on a period of cognitive and physical 
rest before a gradual return to sport and to school activities9. Driving–where incapacitation can 
cause injury not only to oneself but also to others–tends to be overlooked. Despite 90% of 
traumatic brain injuries (TBI) presenting as mild10, the Sláinte agus Tiomáint Medical Fitness 
to Drive Guidelines in Ireland 2020 (MFTD) do not provide specific guidance on the 
assessment of capability to drive post-concussion. Driving recommendations are instead 
dependent on clinical judgement and self-regulation, this partly due to the variability in 
concussion presentation and the lack of empirical evidence. However, individuals driving post-
concussion have a higher statistical representation in crashes than drivers who have not 
suffered concussion11. Driving advice post-concussion is not uniform currently and there is no  
standardized testing regime that allows a clinicians to accurately assess readiness to drive. 
Driving post-concussion does not just impose risk to the injured, but imperils all other road 
users. The management of concussion in Ireland lacks consistency, and a new framework is 
called for that gives more definitive guidelines for clinicians and concussed individuals alike. 
 
Concussion and Driving  
Hazard perception is the only driving skill that has been found to relate to accident involvement 
across a number of studies12–14, and this is also a skill less well-honed in inexperienced young 
drivers15. One significant study by Preece et al (2010) found that hazard reaction time was 
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significantly slower for concussed individuals (mean difference 0.45 seconds) compared to 
orthopaedic patients, within 24 hours of injury. Such findings underpin Australian 
recommendations enacted by the Motor Accidents Authority New South Wales (2008) which 
recommend abstention from driving for 24 hours, or until symptoms resolve. However, the 
longevity of this delayed hazard perception and other cognitive deficits are essentially 
unknown15. And a further fundamental issue which arises is whether symptom resolution at 
rest an appropriate measure of readiness to drive. 
  
Several recent studies have observed that concussion induced cognitive deficits that affect 
driving can persist beyond the period of symptom resolution16–18. Schmidt et al (2016) found 
that concussed individuals who were asymptomatic for 48 hours, still completed more lane 
excursions (10.9 versus 7.4) and had difficulty with speed adaptation and control in curves, 
thus displaying poorer vehicle control compared to the uninjured group. A case study by 
Hoffman et al (2018) found that lane excursions increased by 33%, a significant finding 
considering lane excursions are correlated with crash risk in individuals with neurological 
conditions19–21. Lempke et al (2020) found time to initiate evasive steering manoeuvres differed 
by almost 0.58 seconds for concussed individuals, 48 hours after symptom recovery. At 
motorway speeds (120km/hr) this 0.58 second delay equates to an increased stopping distance 
of 19.3m, and 16m at 100km/hr. A vehicle which requires 19.3m to stop on a typical dry road 
surface is travelling at about 60km/hr–that is, the concussed motorist is still travelling at 
60km/hr at the point where the non-concussed driver has come to a complete stop. This is 
effectively the difference between collision and non-collision, and the difference between death 
and minor injury. 
 
An investigation by Wood and Zhang (2020) on the relationship between braking reaction 
times and crash outcomes found that individuals involved in automotive accidents took 0.48s 
longer to react to hazards and decelerated more slowly in the braking phase than drivers 
involved in equivalent near-crashes22. Concussed reaction time, in both the symptomatic and 
asymptomatic stages of recovery are between 0.45-0.58 seconds longer than non-concussed 
individuals. This raises significant public safety concerns where driving safe driving is heavily 
dependent on timing.  
  
Delayed reaction time in the concussed has several root causes. Visual processing, distraction 
and fatigue have all been noted to contribute to delayed reaction time and to accident risk23–25. 
Fatigue is a significant symptom in up to 73% of concussed individuals26, with increasing 
evidence showing such symptoms to be significant 1-2 years post insult27. It is estimated by 
the Road Safety Authority that one in five accidents in Ireland are caused by fatigue. A study 
by Jain et al (2020) investigating oxyhaemoglobin changes during driving tasks found that the 
injured brain relies on a larger network of neurons for driving28. The higher the cognitive load, 
the greater the difference between healthy and concussed individuals. This could provide basis 
for increased fatigue noted in those recovering from concussion. 
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Driver distraction (non-specific), on the other hand, is a cause of up to 30% of accidents in 
Ireland29. The main effects of fatigue or of distraction on driving performance are delayed 
hazard perception, increased reaction time, poor situational awareness, poor decision making 
and poor motor response24. Those with a history of concussion report a higher involvement in 
car accidents than individuals without a concussion history11.  Lack of concussion-specific 
accident data in Ireland, may simply be attributable to the fact that fatigue and distraction are 
themselves fundamentally symptoms of concussion, and as such, mask concussion as the 
essential cause in many collisions. 
  
Despite a driver being asymptomatic at rest, it has been found that driving itself exacerbates 
symptoms of concussion30. D’Silva et al (2020) found that amongst those who had returned to 
driving post-concussion, 44% experienced symptoms brought on by driving itself, of which 
headache and difficulty concentrating were the most common. A significant proportion (27%) 
of participants in this study felt unsafe whilst driving post-concussion. This has important 
implications for health care professional assessing readiness for returning to drive, as it not 
only has implications for road safety, but also for concussion recovery. One who is not fit 
enough to be on a treadmill or to attend to coursework, is not fit enough to be behind a wheel.  
  
Aggressive driving in conjunction with ‘risky driving behaviour’ is identified as a behavioural 
cause of driving accidents31, particularly amongst young drivers4. Bernstein et al (2018) found 
that individuals with a history of concussion are more likely to drive in a manner that risks the 
safety of others, having a higher frequency of aberrant driving behaviours and driving 
violations. Two separate case studies support these findings17,32. The prefrontal cortex of the 
brain controls risk-taking behaviour, decision making and impulsiveness33. The presence of 
lesions in the prefrontal cortex has been shown to cause an insensitivity for future consequences 
of behaviour–a type of anticipatory ‘myopia’34, which could explain the increased risky driving 
observed. Where it has already been established that young drivers are more likely to engage 
in risky driving behaviours4, concussion only compounds this tendency.  
 
A survey of collegiate athletes by Schmidt et al (2018) found that despite believing that driving 
immediately following a concussion is unsafe, a majority (57%) did not refrain from driving 
following previous concussions. Only 33% of those who refrained from driving did so on 
medical advice. In another study by Baker et al (2015), 52% of individuals in an emergency 
department did not intend to reduce their driving immediately following concussion35 with 
similar findings noted by Preece et al (2011). These findings suggest that concussed individuals 
may not be relied on to self-regulate their behaviour or to manage their return to driving post-
concussion. 
 
Current concussion management and driving recommendations  
Sláinte agus Tiomáint MFTD Guidelines in Ireland (2020) gives guidance on traumatic brain 
injury, suggesting a 6-12 month abstention from driving, with return to driving based on 
complete resolution of symptoms. Ninety percent of TBI however is characteristically mild10. 
Given that the majority of concussed individuals recover within four weeks9, this generalised 
advice is not entirely applicable to the concussed cohort. One may argue that the transient and 
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individual nature of concussion requires clinical judgement and self-regulation to be key 
instruments in assessing ability to drive. However, there are several caveats in relation to 
concussion that prove reliance on such mechanisms difficult. As previously described, ability 
to self-regulate is impaired in this patient group. And there is no specific guidance given to 
assist clinicians in assessing readiness to drive post-concussion, as well as lack of 
undergraduate MFTD education.  
  
One study by Scully and Falvey (2020), found that GPs in Ireland see up to ten concussions 
annually, however only one in ten GPs have received formal training in concussion 
management. 75% offered guidance on return to play despite only 20% reporting good 
knowledge of return to play protocols and less than half using any formal concussion 
guidelines. A significant proportion allowed return to play without any rest period or return to 
play protocol–suggesting a lack of standardization in concussion management amongst GPs in 
Ireland. Driving recommendations were not assessed, however it was concluded that GPs in 
Ireland currently “do not have adequate training to manage these patients and provide 
education” and that “decision support tools should be considered”36.  Similar findings were 
noted in an Irish emergency department setting in 201737. Further studies have found that 
guidance on driving is not provided consistently by clinicians, with only 10% of patients in one 
US emergency department given driving advice post-concussion38. More extensive research is 
needed to establish the extent of driving advice given to concussed patients in Ireland.   
 
The Berlin Consensus Statement on Concussion (2016) advises that management should 
encompass a period of physical and cognitive rest, with a gradual return to activity as symptoms 
allow. To return to sport or schooling an individual must be symptom-free, at rest, and at each 
step of the protocol9.  The rationale for a period of rest is that during the recovery period non-
essential activity draws oxygen and glucose away from the injured neurons, prolonging 
recovery. It seems appropriate that driving, a highly cognitively demanding task, should be 
considered in a comparable manner. The risk posed by driving during two different recovery 
periods is depicted in Figure 1. Brown et al studied 335 concussed individuals and found that 
longer concussion recovery time was related to higher cognitive activity levels between clinic 
visits. A 2015 review on concussion management evidence stated that “Ultimately, the medical 
team, in conjunction with a trained professional, should balance the neurocognitive and 
behavioural accommodations of the concussed student-athlete in a way that restricts cognitive 
activities that trigger or introduce symptom exacerbation.”39 Considering that driving is a 
highly cognitively-demanding task, it would not be unreasonable to conclude that premature 
return to driving could impact recovery and also pose risk to other road users.  
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International Rugby Football Union guidelines suggest a period of 24 hours driving restriction 
with return to driving once symptoms allow and cleared to do so by a clinician. This is also the 
recommendation in the Sports Concussion Assessment Tool 5th Edition (SCAT5) used by 
pitch-side clinicians. Even with the many studies showing that deficits can persist beyond this 
period and beyond the stage of symptom resolution16–18,32, these recommendations alone are 
vague and do not assist the first line responder. Current ‘open ended recommendations’ 
whereby one should drive on the clearance of a healthcare practitioner is more of a disclaimer 
and a dissociation than a helpful recommendation.  
  
Difficulties with Concussion  
Since its first reporting, concussion has been recognised as a difficult condition to diagnose, 
treat,  and predict amongst healthcare professionals due to its myriad of presentations, symptom 
severities and recovery trajectories9. Consequently, many difficulties arise in formulating 
fitness to drive guidelines. Concussion, cannot readily be compared to conditions such as 
epilepsy in which there is scope to have clarity within guidelines. The severity and patient-
specific consequences of concussion are not easily quantifiable in general practise or at pitch-
side. Diagnostic tools do not recognise nor predict recovery trajectory of concussion, making 
timeframe recommendations almost impossible. It is also difficult for practitioners to assess 
the effects of the concussion on the patient’s driving capability with ‘in-office’ assessments. 
This difficulty can lead to confusion on behalf of the healthcare professional and disregard on 

Figure 1 – Projected recovery trajectory and risks posed by driving. An example recovery profile         
whereby symptoms peak days 3-5, symptoms resolve at days 7-10 and patient recovers at 2 weeks. Grey 
line illustrates impact of second insult or cognitive overload prior to full physiological recovery. 
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behalf of the injured. Clarity impacts adherence and compliance with advice40. Concussion 
cannot be overlooked on account of its ambiguity. 
  
Recommendations  
1) A drivers capability to drive based on self-diagnosis of symptom resolution is not sufficient. 
A measured ‘gradual’ return to driving protocol should be included in concussion management 
guidelines–for example to drive with an experienced driver in first instance and to avoid three-
lane roundabouts.  We need to ensure that further education regarding concussion management 
for medical profession includes driving but also timing of return to driving guidelines, to target 
emergency, primary as well as pitch-side care. Such advice should be provided not only to elite 
athletes, but to all amateur and recreational sports participants where concussion is likely.  
  
2) Further research should investigate quality of driving advice given to concussed patients in 
the Irish healthcare setting. Following this, there needs to be a policy in place that encourages 
clinicians to enquire about driving, for example with the alteration of Electronic Patient Record 
assessment forms in the Emergency Department. Including a formal prompt has increased 
occurrence of driving advice from 10%-94% over a six month period in one hospital38. 
  
3) In a study investigating MFTD practices amongst GPs in Ireland, GPs requested further 
educational programmes with 71% requesting software specific MFTD programmes41. A 
practical applicable software or app, that could be used in clinical setting may be of value. 
CogniFit Driving Assessment Battery, for example, is clinically validated and measures 23 
cognitive abilities related to driving. It has been validated for use in young persons, adults or 
seniors with or without pathology. It assesses whether one has the cognitive capacity and 
appropriate attitude for safe driving. It can be used to determine the risk index for driving and 
is described as  being “especially useful for assessing at-risk drivers, helping to detect whether 
a driver will be able to drive safely.”  
  
4) A prolonged reaction time (RT) has been found to be a highly sensitive index of 
neurocognitive change following concussion42–44, as well as prognostic value45. As a slowed 
RT increases crash risk and can persist beyond the time of symptom resolution16, its’ 
measurement may provide greater insight for clinicians determining readiness to return to 
driving. It is proposed, therefore, that a RT assessment should accompany return to drive 
protocol in the clinical setting. One component of such an inexpensive battery could be the 
‘Meter Test’, as described by Eckner et al, that measures reaction time in concussed 
individuals46. It involves the patient sitting with dominant hand supported, and clinician 
holding a weighted meter stick. After a random delay, the subject must grip the falling object 
once released by the examiner. A value in milliseconds can be calculated from the distance in 
cm that the device fell. In their study of concussed individuals, Eckner et al found a sensitivity 
and specificity of 75% and 68% respectively. Baseline RT has been deemed not necessary for 
RT assessments in concussed individuals44 and as such, further studies to determine normative 
data for each age-group should be conducted.  
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In this proposal, in order to return to driving, the patient would be required to fulfil the 
following:  
  

1.   The patient must be symptom free, as determined by list of concussion symptoms in 
the SCAT5 questionnaire.  

2.   The patient must have an appropriate reaction time as per standardized scoring of the 
patients’ age-group. Ongoing deficit may be indicative of long-term post-concussion 
syndrome, and appropriate referral to either occupational therapy rehabilitation or 
neurology may be warranted. 

3.   The patient can then begin gradual return to driving however must refrain from and 
reduce driving where driving exacerbates concussion symptoms, collateral advice 
should be given to family member and with information leaflet.  

  
  

  
  

Figure 2: GRADE – Graduated Recovery Approach to Driving Eligibility. 
  
Conclusion  
Concussion is not easily quantifiable and its high variability between presentations makes 
establishment of driving recommendations difficult. However, the persistence of cognitive 
deficits beyond the period of symptom resolution raises two concerns that clinicians and 
patients may be currently unaware of; that of public safety and that of optimal concussion 
recovery. Further research should primarily focus on establishing current quality of driving 
advice in the Irish Healthcare setting, followed by a combined public health and improved 
traffic medicine teaching in undergraduate programs. Longterm, the development of software 
tools for clinical decision making in accordance with traffic medicine guidelines could play a 
key role. Concussion poses a risk to driving safety and driving risks concussion recovery–both 
of which are currently underestimated. 

Symptom  
Free

• Patient  should  be  symptom-‐free  according  to  symptoms  listed  in  SCAT5  
Concussion  Assessment.  

Reaction  
Time

• When  symptom  free,  the  patient  should  have  appropriate  reaction  
time  as  per  normative  data  according  to  corresponding  age-‐group.  
Ongoing  reaction  time  deficit  may  require  onward  referral  to  
occupational  rehabilitation  or  neurology.

Gradual  
Return

• Once  symptom  free  and  return  to  normal  reaction  time,  patient  can  be  
advised  to  gradually return  to  drive.
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