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    Abstract
Obstructive sleep apnoea syndrome (OSAS) is a highly prevalent chronic respiratory disorder with prevalence among adult males of ≥10%. The most common daytime symptom associated with OSAS is excessive sleepiness, which in more severe manifestations can result in sleepiness at the wheel while driving and probably contributes to the substantial increase in accident risk among patients with OSAS. Fortunately, current evidence indicates that successful therapy of OSAS, particularly with continuous positive airway pressure, can bring the accident risk down to levels similar to an equivalent general population. The recognition of the increased driving accident risk in OSAS prompted the Transport and Mobility Directorate of the European Commission to establish a working group on this topic in 2012, which ultimately led to a revision of Annex III of the EU Driving Licence Directive, which is subject to mandatory implementation by European Union member states by December 2015. This directive specifies that patients with moderate or severe OSAS associated with significant daytime sleepiness should be prohibited from driving until effective therapy is established. These new regulations are designed to balance the legitimate objective of public safety with not penalising OSAS patients who are complying with effective therapy. Successful implementation of regulations on driving in OSAS patients must also include measures to educate relevant stakeholders including patients, medical personnel, traffic police and employers in the transport industry. The key objective is to encourage patients with possible OSAS to seek diagnosis and treatment and not to inhibit OSAS patients from coming forward.

Abstract
Driving accidents caused by sleep apnoea reduced by therapy, thus justifying regulation to ensure effective treatment http://ow.ly/St0sV

Introduction
Motor vehicle accidents (MVAs) are infrequent events arising generally through the simultaneous presence of several different factors that may include excessive speed and the consumption of alcohol, in addition to age and driving distances. Human diseases are another well-known risk factor and several diseases are independently associated with a raised incidence of MVA when compared to the general population [1, 2]. These include diabetes mellitus, cardiovascular diseases, cerebrovascular diseases, psychiatric conditions, uncorrected visual defects and obesity. Disorders associated with sleep disturbance and sleepiness are also recognised to be associated with increased accident risk [3, 4], and obstructive sleep apnoea syndrome (OSAS) is the most prevalent medical disorder associated with excessive sleepiness. OSAS is also associated with increased MVA risk, which exceeds the risk associated with many other medical disorders already specified in driving licence regulations [1, 5]. The present review discusses the evidence of MVA risk in OSAS, the beneficial impact of treatment on this risk and the recent implementation of regulations by the European Commission (EC) on the rights and duties of patients with OSAS who hold a driving licence.

OSAS and MVA risk
OSAS, a disease characterised by repetitive episodes of upper airway obstruction during sleep [6] results in sleep fragmentation, which consequently results in unrefreshing sleep and excessive daytime sleepiness. The relationship between OSAS and MVA has become increasingly evident during the past two decades, with the increase in MVA risk with respect to a reference population varying between two- and seven-fold in different reports [7, 8]. The increased risk could be observed for single or multiple accidents and near-miss accidents. The strength of the association between OSAS and accidents was variable between studies, and a recent meta-analysis concluded that the increased accident risk is 2.4 times that of a general population [9].
Despite the strong evidence of increased MVA risk in OSAS patients, reports differ regarding the contribution of disease severity based on the apnoea–hypopnoea index (AHI) or the degree of daytime sleepiness [10]. Methodological differences are also evident in different reports with some comparing the risk of drivers with OSAS to that of a control group, while others compare to the risk of the general population in the relevant jurisdiction. Some studies also took into account possible confounding factors, such as the frequency of driving (distance driven per year), the presence of visual defects, alcohol consumption or obesity. Accident recording also varies between reports with some studies focusing on the prospective assessment of an epidemiological sample, whereas others recorded actual accidents presenting to emergency departments.

Role of sleepiness in OSAS and increased driving risk
Excessive sleepiness during the day, a key symptom of OSAS, refers to the tendency to doze off or fall asleep in inappropriate situations, and the most extreme example would be to fall asleep in dangerous situations such as while driving. Studies show that excessive sleepiness is involved as a contributing factor in ∼5–7% of all MVAs, with higher estimates of ∼17% in accidents involving fatalities [11]. Accordingly, driving simulator research shows that the performance impairment in drivers suffering from OSAS is comparable to the impairment as a consequence of illegal alcohol consumption or sleep deprivation [12]. While reports differ, the majority of evidence supports the principle that driving risk in OSAS is more closely related to the degree of daytime sleepiness than the objective severity of sleep-disordered breathing as measured by AHI [4, 13–15]. The importance of sleepiness as the major contributing factor to MVA risk in OSAS is supported by the recent report of Karimi et al. [16] who demonstrated that excessive sleepiness based on an Epworth sleepiness score (ESS) >15 significantly related to MVA rate, whereas AHI did not. However, the earlier report of Terán-Santos et al. [17] found that AHI was more closely related to accident risk than subjective sleepiness based on ESS in a group of 102 patients presenting to hospital following MVAs when compared to a group of matched control subjects. Furthermore, the recent report from the European Sleep Apnoea Database (ESADA) cohort study [18] also found that OSA severity based on AHI was superior to subjective sleepiness based on ESS in predicting accident risk, a finding also reported in an earlier Canadian study [19]. Thus, further research is needed to more clearly define the factors relating to OSAS that predict accident risk.
Other factors that can further increase excessive sleepiness in an OSAS patient include a lack of sleep, time of day (early morning and afternoon), shift work, sedative medications, poor sleep hygiene habits and alcohol use [20], and these additional factors may be particularly important in commercial drivers [21]. Self-reported poor sleep appeared to be particularly important in one recent report from France of 272 patients admitted to hospital following MVA [22]. Since these factors do not directly relate to OSAS severity, they may contribute to some of the variability in reported sleepiness in patients with differing levels of disease severity based on AHI. Thus, patients with OSAS should be particularly warned about these additional risk factors, most of which are avoidable, since these could further increase the risk of MVA.
There are several recognised warning signs that may develop in sleepy drivers short of actual MVA. These include yawning and blinking, nodding at the wheel, an impression of driving automatically with difficulty remembering the past few miles driven and missing planned exits [23]. Furthermore, there may be difficulty in maintaining a steady road position with drifting out of the lane and/or driving on a rumble strip at the road edge in addition to difficulty in maintaining a constant road speed. In these circumstances, many drivers employ countermeasures to limit the effect of drowsy driving, such as winding down the window and taking high-caffeine beverages. However, these measures have limited efficacy and drowsy drivers should be strongly advised to pull over in a rest area and take a 15–20-min nap, and where possible to change drivers.
Several features of MVA increase the likelihood of the accident being related to sleepiness and/or fatigue. These include an absence of brake marks, single-vehicle crash, rear-end or head-on collision, accidents occurring during the night or early afternoon and accidents associated with serious injury or fatality [24]. After in-depth analysis, an estimate of 10% of all single-vehicle accidents appear to be related to fatigue.

Effect of therapy on accident risk
Several reports have assessed the effect on MVA of the treatment of obstructive sleep apnoea with an efficient therapy, generally continuous positive airway pressure (CPAP). These studies used a before–after comparison strategy, with some including a separate group of healthy or general population controls. In almost all studies concerned, effective treatment resulted in substantial decreases, or even normalisation, of the risk of MVA [25]. The report of George [26] clearly demonstrates the normalisation of MVA risk in OSAS following effective CPAP therapy. In this study from Ontario, Canada, the investigators compared the accident rate of OSAS patients for the 3-year period before diagnosis and the 3-year period after initiating CPAP therapy. They compared the accident rate with the accident rate for the general population during the same 6-year period. They found a three-fold higher accident rate in OSAS patients for the 3-year period prior to diagnosis, but no significant difference in accident rate between OSAS and the general population for the 3-year period after initiation of CPAP. These findings indicate the importance of identifying patients with OSAS and the subsequent implementation of effective therapy. However, despite the reduction in accident rates with CPAP therapy in OSAS, there is evidence that driving simulator performance in OSAS patients remains worse than matched controls even after CPAP therapy [27].

European regulations regarding driving in patients with OSAS
The recognition that patients with untreated OSAS are at increased risk of MVA has resulted in several European Union (EU) member states developing and implementing regulations to control the ability of such patients to hold a driving licence. These regulations vary between countries, but generally permit successfully treated patients to continue or resume driving. However, some member states have no such regulations [28]. Inasmuch as driving allows rapid long-distance travel, involving easy crossing of the boundaries of member states, a driver with an unrestricted driving licence may drive in a member state where a restricted driving licence would be required, or even where driving would not be allowed at all. To circumvent this potential problem in a large geographical area with many borders, the EU has issued a basic document that constitutes a minimum set of rules that every member state needs to abide by. The most recent version of this document is the third driving licence directive, Directive 2006/126/EC, which entered fully into force in 2013. Annex III of the directive introduces the minimum requirement as regards a wide variety of medical conditions and distinguishes between private drivers (group 1: driving licence categories A and B) and professional drivers (group 2: categories C and D). Member states may also introduce more stringent rules in their own national legislation.
In recognition of the importance to road safety of driving with untreated OSAS, the committee established under directive 2006/126/EC on driving licences established a working group to propose adding obstructive sleep apnoea to Annex III. Each EU member state was invited to nominate an official representative to join the working group. The group met in Brussels in September 2012 and formed three subgroups to evaluate the following topics: 1) identifying the population at risk for OSAS; 2) establishing criteria for the provision of a driving licence to OSAS patients; and 3) education of key stakeholders such as police, professional drivers and the transport industry on untreated OSAS and its consequences. Over subsequent months, the working groups developed a series of recommendations, which culminated in a comprehensive report that was presented to the driving licence committee in June 2013 [29]. The working group also recommended specific guidelines for the provision of driving licences to patients with OSAS.
The committee accepted the recommendations of the working group and, following detailed consultation with member states, a revision to Annex III was implemented by the EC in June 2014 [30]. The details of this directive are presented in table 1, and are carefully written to allow clinical discretion in their implementation, and thus, hopefully to limit the likelihood that patients with OSAS will avoid seeking medical attention because of concern that driving will be prohibited as a consequence of the diagnosis. This latter concern is more likely to apply in the case of professional drivers who depend on the retention of their driving licence for employment. This revision becomes mandatory for implementation by all EU member states by December 31, 2015. These regulations represent the basic criteria for the provision of a driving licence to an individual with OSAS, but individual member states may adopt additional requirements as they see fit. No distinction is made in the regulations between group 1 and group 2 drivers, but closer follow-up is required for group 2 drivers to ensure compliance with therapy.
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TABLE 1 Revision to Annex III of Directive 2006/126/EC (2014): obstructive sleep apnoea



An obvious concern in implementing specific regulations for driving in patients with OSAS is that such regulations may deter patients with OSAS from coming forward for diagnosis and treatment. Thus, an important component of the process is to promote education of the general public on the dangers of driving with untreated OSAS, but also to promote awareness that effective treatment removes this danger and does not adversely affect the ability to hold a driving licence, either private or professional. Education of other relevant stakeholders, including police officers and employers in the transport industry on the association of OSAS with MVA risk is also a priority. While specific studies highlight the association of OSAS and sleepiness with MVA risk, OSAS and/or driver sleepiness are rarely investigated by police officers as a potential cause of MVA, resulting in a paucity of data on this issue.
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