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A B S T R A C T

Background: Driver incapacitation due to sudden illness (e.g., cardiac arrest, seizures, diabetic 
events) poses a serious traffic safety concern. However, knowledge is limited regarding how such 
medical events manifest in drivers and affect their behavior. This study therefore aimed to 
investigate drivers' vehicle handling and signs of illness in crashes caused by sudden illness.
Methods: Crashes were identified in Volvo Cars' Internal Accident Database and the Swedish 
Transport Administration's register. Descriptions of drivers' vehicle handling and signs of illness 
were compiled from pre-crash vehicle signal recordings, mail survey responses, and in-depth 
crash investigations. The analysis included descriptive statistics of driver and crash characteris
tics, as well as an exploratory analysis of pre-crash vehicle handling and signs of illness.
Results: A total of 138 cases were included in the analysis. Most were single-vehicle crashes 
occurring in various traffic environments, with posted speed limits ranging from 30 to 110 km/h. 
The crashes were caused by a variety of medical conditions, typically resulting in loss of con
sciousness. A notable finding was that most drivers pressed the accelerator pedal after becoming 
ill and losing consciousness. Signs of illness varied: drivers' posture commonly collapsed, while 
some drivers remained upright with their hands on the steering wheel and eyes on the road 
despite being unconscious.
Conclusion: This study provides new and important insights into pre-crash driver behaviors in 
crashes caused by sudden illness. The findings underscore the need for multiple detection 
methods and rapid intervention strategies to mitigate the consequences of medical incapacitation 
and unintended driver actions.
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1. Introduction

Sudden illness can affect anyone and occur during all different human activities. When it happens to drivers, the consequences can 
be severe, not only due to the illness itself but also because of the potential traffic accidents it may cause. Studies indicate that at least 
9–12% of driver fatalities (Ahlm et al., 2001; Breen et al., 2018; Brodie et al., 2019; Tervo et al., 2008) and 11–25% of fatal motor 
vehicle crashes (Tervo et al., 2013) are caused by sudden illness. Among fatalities in drivers above 50 years of age, the figure is as high 
as 29% (Skyving et al., 2023). The most common medical condition leading to fatalities is ischemic heart disease, while less common 
conditions include, for example, stroke and ruptured aortic aneurysms. However, since the cause of death is typically determined from 
autopsies, transient medical conditions such as syncope and epileptic seizures that do not cause permanent damage often go unrec
ognized, making it difficult to ascertain how frequently they cause fatal crashes (Tervo et al., 2008). Furthermore, high crash severity 
resulting in severe injuries can mask the medical conditions that caused the crash (Brodie et al., 2019).

Only a few studies have investigated the proportion of severe, though not necessarily fatal, crashes caused by sudden illness. Hanna 
(2009) found that sudden illness caused 1.3% of crashes to which an ambulance had been dispatched and estimated approximately 
20,000 such crashes annually in the United States. Two Australian studies reported much higher proportions, with sudden illness 
accounting for 11.5% (Lindsay & Baldock, 2008) and 14.5% (Fitzharris et al., 2020) of similar crashes. Common medical conditions in 
these studies were seizures, cardiac-related events, diabetic reactions, and loss of consciousness for other or unknown reasons.

Research has also investigated the frequency of specific medical conditions occurring while driving compared to other activities. In 
Japan, 4% of patients admitted to hospital for acute coronary syndrome (Inamasu et al., 2017), 4% admitted for stroke (Inamasu et al., 
2018), and 2.9% of patients brought to the emergency department for seizures (Inamasu et al., 2019) had experienced their medical 
emergencies while driving. Also, Sado et al. (2018) estimated that 9.5 drivers per million inhabitants and year suffer cardiac arrest 
while driving in Osaka. In the U.S., Sorajja et al. (2009) found that 9.8% of patients evaluated for syncope had had an episode while 
driving, and in Canada, Pohlmann-Eden et al. (2013) reported that 8% of patients later diagnosed with epilepsy had their first seizure 
while driving. These findings underscore the significant impact of sudden illness on road safety, although the full extent of the problem 
remains unknown.

Historically, efforts to prevent crashes caused by sudden illness have focused on restricting at-risk individuals from driving. For 
example, patients who have experienced an unprovoked seizure are typically prohibited from driving for at least three months in most 
countries (Winston & Jaiser, 2012), and those who receive an implantable cardioverter defibrillator or pacemaker face driving re
strictions ranging from one week to one year, depending on the country (Imberti et al., 2020). While such driving restrictions are 
probably important for the safety of both patients and other road users, they can significantly impact individuals' quality of life. It is 
therefore desirable to allow as many people as possible to drive, in a safe way. Moreover, since sudden illness is unpredictable, driving 
restrictions alone cannot prevent all such accidents. For instance, Inamasu et al. (2019) found that the majority of drivers who suffered 
a seizure while driving did not have an epilepsy diagnosis. Similarly, stricter driving regulations in Japan for persons with seizures has 
not been reported to reduce crash rates (Baba & Hitosugi, 2021). In addition, research also suggests that system-level factors—such as 
barriers to reporting health issues or limited opportunities to take vacation time—may contribute to illness-related crash risk among 
professional drivers (Baba et al., 2019).

Technological advancements offer new opportunities to prevent or mitigate crashes by detecting incapacitating driver states and 
providing appropriate support. Modern vehicles are equipped with systems that assess driver distraction, drowsiness, and unre
sponsiveness using driver monitoring systems, including sensors that record steering, hands on wheel, eye closures, as well as head and 
gaze direction (Euro NCAP, 2025; Hayley et al., 2021). If these systems detect an impaired driver state that persists despite warnings, 
the car will initiate a safe stop procedure. However, the effectiveness of these systems in detecting sudden illness and preventing or 
mitigating sudden illness crashes has not yet been established.

The development of sensors and systems for detecting and mitigating or avoiding sudden illness crashes is still in early stages. Euro 
NCAP's 2030 roadmap points out that detection of sudden illness using advanced vision and/or biometric sensors should be prioritized 
(Euro NCAP, 2022). Ongoing efforts include Mitsubishi's initiative to detect sudden heart disease, epilepsy, and cerebrovascular 
disease using biometric signals (e.g., pulse rate and blood pressure changes) derived from a driver monitoring system camera (Mit
subishi Electric Corporation, 2023). While biometric signals have the potential to detect sudden illness, they also present challenges, 
such as obtaining robust measurements in a moving vehicle with a driver who may not be in an optimal seating position. Additionally, 
not all cases of sudden illness induce significant changes in the same biometric signals. Multiple measures should therefore be 
considered for reliable detection of driver incapacitation caused by sudden illness. It is therefore of great importance to understand 
how sudden illness manifests in car drivers, not only in biometric signals but also in self-experienced symptoms and behavioral 
changes.

Understanding driver behaviors during medical emergencies is also crucial for understanding what support these drivers need, so 
that crashes can be prevented or mitigated. However, since medical emergencies are rare events, data collection in this area is 
challenging and, consequently, studies and knowledge are limited. Research to date shows that most crashes caused by sudden illness 
are single vehicle crashes, and most often the car leaves its lane before the crash (Brodie et al., 2019; Hanna, 2009; Neal et al., 2018). It 
has also been reported that drivers often lose control of the vehicle in crashes precipitated by sudden illness (Lam & Lam, 2005), and 
pre-crash vehicle movements have been described as “out of control” in approximately 50% of seizure-related crashes (Neal et al., 
2018).

More detailed descriptions of crashes can be found in case studies by Lindsay and Baldock (2008), Marinella (2004) and Motozawa 
et al. (2005). Together, these studies describe six cases where drivers experienced reduced consciousness due to various medical 
conditions. In one case, a driver with hypoglycemia appears to have been driving with reduced consciousness for a few kilometers, 
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resulting in two crashes: a sideswipe of an oncoming car, and 1 km later, hitting a pole (Lindsay & Baldock, 2008). The other five cases 
involved the car leaving its lane and colliding with off-road objects or, in one case, an oncoming truck. The drivers' behaviors or signs of 
illness are, however, not fully known since there are no published recordings or witness testimonies.

Sakurai et al. (2014) provides even better opportunities for understanding driver behaviors and signs of illness by providing driver- 
facing video recordings of a taxi driver suffering epileptic seizures on two different occasions. In one recording, the driver stopped at a 
red light and, after a while, bowed his head and the car began to slowly move forward and eventually crashed into a streetlight. In the 
second recording, the same driver was racing the car's engine and exhibiting convulsions while being parked.

Existing studies clearly show that sudden illness among drivers constitutes a significant problem on our roads. However, a more 
detailed understanding of the manifestations of sudden illness and the support that these drivers need is required in order to develop 
effective methods for sudden illness detection and crash prevention or mitigation. The aim of this study is therefore to examine driver 
behaviors and signs of illness in real-life crashes caused by sudden illness.

2. Method

This study retrospectively investigated real-world crashes caused by sudden illness, extracted from Volvo Cars' Internal Accident 
Database (VCIAD) and the Swedish Transport Administration's (STA) register. The study was approved by the Swedish Ethical Review 
Authority (Dnr 2024-02637-01). This section details the methods used.

2.1. Data sources

2.1.1. Volvo cars' internal accident database (VCIAD)
Volvo Cars' accident research team continuously collects accident data from traffic accidents involving Volvo cars. The data, stored 

in VCIAD, includes mail survey questionnaires and in-depth investigation reports. The availability of data varies between cases.

2.1.1.1. Mail survey questionnaires. Mail survey questionnaires are sent to owners of Volvo cars involved in traffic accidents in 
Sweden, insured by the insurance company Volvia, with vehicle repair costs exceeding a certain level (currently 45,000 SEK). The 
survey includes questions about, for example, the collision, circumstances prior to the collision, and personal injuries. There are no 
specific questions about health or sudden illness, but a free text question asking to describe the course of events in text and drawings, 
and a final free text question where other information not covered by the other questions can be provided. Responding to the mail 
survey is voluntary and response rates are approximately 30%. Responses are digitalized and saved in VCIAD.

2.1.1.2. In-depth investigations. Volvo Cars' accident research team conducts crash site investigations of crashes that occur within 60 
km driving distance from Volvo Cars' headquarters in Gothenburg. The team always has a team member working on preparedness who 
receives a notification when there is a crash with a newer Volvo car (currently from year 2018 or later) in the Gothenburg area and 
where an emergency call has been automatically made from the car. Such emergency calls are generated when the car's safety systems, 
for example airbags or seatbelt pretensioners, are activated during a collision. When receiving a notification, the investigator 
immediately goes to the crash site and collects information about the accident, including taking photos of the involved vehicles and 
traffic environment, and, if possible, conducts interviews with involved parties, witnesses, and emergency services. The researcher 
compiles the information in a crash site investigation report that is stored in the database.

The research team can also be informed about crashes at other locations and retrospectively collect documents such as reports from 
the police, insurance companies, or STA, as well as medical records or autopsy reports. They can occasionally also send out mail survey 
questionnaires when the criteria described in the Mail survey questionnaires-section are not met, conduct interviews with drivers or 
other people involved, and/or investigate vehicle damage in detail to gain a greater understanding of the accident.

From the in-depth investigations, crash descriptions and other variables are entered in VCIAD. The investigators may also make so 
called investigator notes; short free-text notes that serve as memory notes or short case descriptions for specific cases.

2.1.1.3. Vehicle data. For some cases, there are vehicle signal recordings from the crash-events that can be used to gain a greater 
understanding of the events. Vehicle data availability depends on several factors, including vehicle model and crash damage.

2.1.2. Swedish transport administration's register
The STA conducts in-depth investigations of all fatal road traffic accidents in Sweden. An accident is considered fatal if anyone 

involved either died in the accident or within one month due to accident-related reasons. The investigations focus on the cause of 
death, the behavior of the involved road users, the condition and design of the road, as well as vehicle safety. The investigations are 
based on reports and pictures from the scene provided by the emergency services, as well as on subsequent investigations of the crash 
scene and vehicles involved, performed by STA investigators. Autopsy reports are also collected and used when determining both the 
cause of the crash and the cause of death. For each case, a large set of variables are coded by STA investigators and stored in the STA 
register, together with case reports and the reports from external sources (e.g., police, ambulance, and autopsy reports).

A group of investigators, including a forensic pathologist, determine in which accidents illness was the cause of death. These 
accidents are classified as disease cases in the register. It can be both cases where the death was caused by the illness, or where the 
illness led to a crash resulting in fatal injuries.
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2.2. Case extraction

Crashes caused by sudden illness were identified in VCIAD through a word search. A list of words and phrases (in Swedish and 
English; see Appendix A) describing illness symptoms, health conditions and medical emergencies was defined by the authors. Each 
word/phrase was searched for in the free-text responses in the mail survey questionnaires, crash descriptions, and investigator notes. 
The search covered accidents that occurred between the years 2015–2023.

From the STA register, all disease cases that occurred between 2010 and 2023 and where the driver that experienced the illness was 
driving a Volvo car were extracted. Cases that occurred in both VCIAD and the STA register were merged.

All identified cases were manually inspected for relevance. Inclusion criteria required that the crash descriptions revealed that the 
main cause of the crash was that the driver suffered from sudden illness. Sneezing and coughing attacks were included only if they 
caused an effect on the driver's consciousness but not if they only caused a loss of control. Sudden confusion and panic attacks not 
described as having a medical background were also excluded, as were chronic medical conditions, such as dementia, if they could not 
be determined as the main cause of the crash. Also, cases where the crash was caused by the opponent suffering sudden illness, and 
cases where the information was too scarce or too contradictory for it to be possible to form an understanding of the course of events 
were excluded from the analysis.

Only cases in which the driver died within one month from the crash or had responded to the mail survey questionnaire and given 
written consent for Volvo Cars to collect health data and use their data in research were included in the analysis.

2.3. Data extraction

For each case, all associated documents in VCIAD and/or the STA register were reviewed, and data was extracted for analysis. 
Extracted variables were driver age and gender, trip duration, road type, number of passengers in the car, number of other vehicles 
involved in the crash, vulnerable road users involved in the crash and first critical event (lane departure or collision). In addition, a 
medical condition description and a crash course of events description were compiled for each case. All available documents were used 
in the making of these descriptions and the amount of information available differed between cases. The main sources of information 
for the medical condition descriptions were autopsy reports, statements from medical personnel, and/or descriptions or statements in 
the mail survey questionnaires. For the crash course of events descriptions, the main sources of information were accident descriptions 
in text and drawings in the mail survey questionnaires, investigation reports from Volvo Cars' accident research team and STA, and 
other reports, for example, police reports.

For each case, the medical condition and its effect on consciousness was determined by two medical doctors, one neurologist and 
one cardiologist (co-authors PL and JZ). The judgments were based primarily on the medical condition descriptions. Medical con
ditions were classified according to the International Classification of Diseases (ICD-10) (Socialstyrelsen, 2025). In cases with no 
medical records or autopsy reports, there is inevitably a degree of uncertainty in the medical condition classification. In fatalities with 
no passenger testimonies, it is also not possible to be certain about precisely when in the accident sequence the driver lost con
sciousness. In such cases, the case has been classified as having had an effect on consciousness if the medical condition was of such 
nature that it is inevitable that it affected the driver's consciousness, and/or if the accident's course of events strongly suggests that the 
driver had reduced consciousness before the crash. Non-fatal crashes where the driver described having a blackout without indications 
of a seizure were coded as a transient loss of consciousness, without attempts to separate syncope, psychogenic events, etc. Cases in 
which the driver died either in the crash or within one month due to crash-related reasons were classified as fatalities.

For the cases with available vehicle data, the following signals were extracted: vehicle speed in km/h, accelerator pedal depression 
in % of fully depressed, brake pedal activation in on/off, and steering input in degrees the steering wheel is turned or % of full steering 
wheel turn. The signals had a sampling frequency of 2 Hz and were stored for 5 s prior to the event trigger, resulting in a total of 11 data 
points for each recorded signal. The last data point in each signal (i.e., the data point from the time the crash event was triggered) was 
excluded from the analysis to avoid crash event influence.

2.4. Data analysis

The analysis consisted of two parts: a descriptive statistical analysis which investigated the typical driver and crash characteristics 
in the dataset, and an exploratory analysis which sought a more detailed understanding of drivers' pre-crash vehicle handling and signs 
of illness. The exploratory analysis utilized a mixed method approach in which each case's medical condition description and crash 
course of events description were reviewed together with its possible vehicle data. Information related to vehicle handling and signs of 
illness were identified and coded and grouped into themes based on similarities. The themes that emerged were categorized under five 
topics: pedal usage and speed, intention to stop, driver steering, passenger interventions, and signs of illness.

3. Results

A total of 138 cases were included in the analysis following the case extraction process described in Section 2.2. Among these, 64 
cases included questionnaire data, 24 included vehicle data, and 67 included medical records or autopsy reports. Eighty-nine cases 
were included in the exploratory analysis.
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3.1. Descriptive statistics

Eighty-four percent of the drivers (N = 116/138) were male and the drivers' age ranged from 21 to 90 years (M = 65 years, SD = 13 
years, N = 135). The driver was alone in the car in 72% of the cases (N = 100/138), while at least one passenger was present in the car 
in the remaining 38 cases. The trip had lasted between 1 and 150 min (M = 34 min, SD = 29 min, N = 62) when the crash occurred. 
Eighty-one percent of the cases (N = 112/138) were single vehicle crashes (including 2 crashes with parked vehicles), while the 
remaining cases (N = 26) involved at least one other vehicle in traffic. In 3 cases, the crash took place at a parking lot. Among the cases 
that occurred outside of parking lots, the first critical event was that the car left its own lane in 96% of the cases (N = 130/135), while 
the car remained in its own lane and crashed into a lead vehicle in 5 cases. No cases included collisions with vulnerable road users. 
Crashes occurred in a large variety of road types and traffic environments. The posted speed limits at the crash locations are presented 
in Fig. 1.

Fifty-three percent of the cases (N = 73/138) were fatalities, while the driver survived in the remaining 65 cases. Among the fatal 
cases, the cause of death was the medical condition alone in 88% (N = 64/73), crash injuries in 7% (N = 5/73), and either a com
bination of crash injuries and illness or could not be determined in 5% (N = 4/73).

The medical condition was considered to have had an effect on the driver's consciousness in 92% of the cases (N = 127/138), while 
in 4% (N = 6/138) the driver's consciousness was not affected by the illness and in 4% (N = 5/138) it was not possible to determine.

The most common medical conditions among the deceased and non-deceased drivers are presented in Table 1.
Among the cases with transient loss of consciousness (R55.9), an underlying contributing cause could be determined in 13 cases; 

cardiac arrhythmia (I49.9) was the cause in 8 cases, while pneumonia (J18.9), urinary calculus (N20.0), abdominal pain (R10.4), 
hypotension due to drugs (I95.2), and pregnancy (Z32.1) were the cause in one case each.

Among the cases with cardiac arrest (I46.9), the underlying contributing cause could be determined in 38 cases. Acute ischemic 
heart disease (I24.9) was the cause in 20 cases, chronic ischemic heart disease (I25.9) in 11 cases, heart failure (I50.9) in 3 cases, heart 
failure in combination with chronic ischemic heart disease (I50.9 + I25.9) in 3 cases, and ventricular tachycardia (I47.2) in one case.

3.2. Exploratory analysis

The following sections describe the pre-crash vehicle handling and signs of illness themes that were identified in the exploratory 
analysis. Descriptions of all cases with vehicle data are provided in Appendix B, along with vehicle data plots.

3.2.1. Pedal usage and speed
Among the 24 cases with vehicle data, most drivers (N = 15/24) pressed the accelerator pedal during the full 5 s preceding the crash 

trigger, while not engaging the brake, as shown in Fig. 2. In many cases (N = 7/15), the accelerator pedal was depressed more than 
40% of its maximum and the vehicle speed increased by more than 5 km/h (see Figs. 3 and 4). The cars often reached high speeds well 
above the posted speed limit. In 3 cases, the accelerator pedal was depressed more than 90% throughout the recording. In other cases 
(N = 5/15), the accelerator pedal was depressed less than 40% and the speed remained nearly constant (≤5 km/h change). In the 
remaining 3 cases, the speed decreased while the accelerator pedal depression varied.

While the accelerator pedal depression remained relatively constant in many cases, a distinct increase in depression was observed 
in others. In 4 cases, the accelerator pedal depression increased significantly when the vehicle began to decelerate, likely due to the 
driver's body being pushed forward as the car slowed down when leaving the road or scraping against a guard rail. In 4 other cases, a 
sharp increase in the accelerator pedal depression occurred either in the absence of deceleration or during steady deceleration.

The brake pedal was activated at some point during the 5 s preceding the crash trigger in 5 of the 24 cases with vehicle data, see 
Fig. 2. In 3 of these cases, both the accelerator and brake pedals were pressed simultaneously. The reasons for these dual pedal uses are 
not known.

Fig. 1. Posted speed limits at the crash locations.
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There are testimonies from drivers or witnesses regarding pedal usage and/or speed in 37 cases without vehicle data. The speed is 
constant or increasing before the crash in 33 of these cases, described as the accelerator pedal being pressed, the car having a constant 
or increasing speed, no brake lights being turned on, or as the only unusual thing that happened was that the car left the lane or road.

3.2.2. Intention to stop
Information about whether the driver intended to stop before losing control is missing in most cases. However, it is explicitly stated 

Table 1 
Medical conditions.

Medical condition ICD codes Fatal cases Non-fatal cases

Transient loss of consciousness/awareness R55.9, R40.4 1 42
Cardiac arrest I46.9 48 0
Seizure R56.8, G40, G40.9 0 10
Acute myocardial infarction I21.9 5 0
Stroke I60-I63 3 4
Hypoglycemia E16.2 1 5
Aortic dissection I71, I71.3 2 0
Cardiac arrythmia I47, I49.5 1 1
Respiratory illness J96.01, R06.0 1 1
Nausea R11.9 0 1
Anaphylactic shock T78.2 0 1
Alcohol intoxication F10.0 1 0
Unknown ​ 10 0
Total ​ 73 65

Fig. 2. Brake and accelerator pedal activation plotted as a function of time before crash trigger for all cases with vehicle data.
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in the driver or passenger testimonies or evident from witness descriptions that the driver had such an intention in 15 cases. In 13 of 
these cases, the driver started some maneuver to stop, such as steering to the side, releasing the accelerator pedal, or braking, before 
losing control. Examples of driver descriptions are: 

“Feel that I'm about to faint. Steer off the road. Hear a bang and faints.”

“I was in the car and suddenly fainted, had premonitions, just had time to lift the foot off the gas pedal. Then everything went black.”

“when I approached [the tunnel] I got a feeling of unease. I thought I would drive to the shoulder after the end of the tunnel. I came 
through the tunnel, steered towards the shoulder where everything went black. Probably fainted”.

In approximately half of the cases (N = 6/13), the driver started accelerating again after initially slowing down or stopping.

3.2.3. Driver steering
There are 7 cases with a recorded steering signal and in which a passenger has not grabbed the steering wheel. In all of these cases, 

the steering signal is 0 or close to 0, indicating that the steering wheel was not turned. Among all other cases, information about 
whether the driver steered before the crash was available in 36 cases. In 20 of them, either passenger testimonies described that the 
driver did not steer, or it was understood from the car's trajectory as it continued straight when the road turned.

Among the 16 cases where the driver did steer before the crash, 6 were cases where the driver had an intention to stop and therefore 
steered towards the side of the road. In 1 case the driver unintentionally turned the steering wheel, described as “Felt ill and leaned to the 
side without thinking. For some reason I got the steering wheel with me”. In the remaining cases (N = 9), witness testimonies described that 
the car was either wobbling on the road, driving off and on the road, or suddenly veered off the road, indicating steering actions.

3.2.4. Passenger interventions
Passengers were present in 37 cases and in 11 of them there was information that they intervened in some way after the driver lost 

consciousness. The most commonly reported intervention was that a passenger tried to steer the car (N = 10). While some steered to 

Fig. 3. Accelerator pedal depression range for all cases with vehicle data.
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avoid running off the road or colliding with other road users, others intentionally steered off the road or into a guard rail to stop the car. 
Other interventions were pulling the handbrake (N = 1), putting the gear in neutral (N = 1), and trying to remove the driver's foot from 
the accelerator pedal (N = 1). In 8 cases, the unresponsive driver was accelerating the car, and the speed was in most cases high at the 
time of collision.

3.2.5. Signs of illness
Descriptions of drivers' appearances and self-perceived symptoms when falling ill showed a great deal of variation. In 15 cases, 

there were descriptions of the driver's posture, mostly provided by passengers; at least one passenger was present in 12 cases, witnesses 

Fig. 4. Speed range for all cases with vehicle data.

Fig. 5. Driver posture before crash.
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outside the car provided information in 2 cases, and in 1 case the driver was conscious and able to describe their own posture. The most 
common observation was that the driver's posture collapsed (N = 8), see Fig. 5. In half of these cases (N = 4), testimonies or vehicle 
data reveal that the driver kept pressing the gas pedal after collapsing.

In 2 cases, the driver's posture was opposite to collapsed as the driver was sitting upright while unconscious. In both instances, the 
driver was also accelerating the vehicle. These cases were described as “Did not collapse but was sitting stiff as a stick but unconscious” and 
“[the driver] was sitting with hands on the steering wheel and was looking straight ahead [while unresponsive]”.

Other descriptions of visible or audible signs of illness, before or after the crash, included snoring, wheezy, or gurgling sounds (N =
5), convulsions (N = 2), coughing or sneezing (N = 2), chills and shaking (N = 1), mouth smacking (N = 1), drooling (N = 1), paleness 
(N = 1), mouth kept open (N = 1), and ears turning blue (N = 1). In 4 cases, it was mentioned that the driver's eyes were open, while 
there were no descriptions of closed eyes.

Other symptoms the drivers perceived either immediately before, or some time before they lost their ability to drive were sweating 
(N = 4), pain (N = 4), feeling tired or fatigued (N = 3), feeling about to faint (N = 2), uneasiness (N = 2), feeling ill (N = 1), headache 
(N = 1), nausea (N = 2), racing heart (N = 1), feeling a drop in blood pressure (N = 1), dizziness (N = 1), and non-specified pre
monitions (N = 2).

In 14 cases, the driver or passenger reported that the onset of illness occurred without warning, with the first symptom being either 
loss of vision (N = 3) or loss of consciousness (N = 11).

4. Discussion

This study aimed to investigate driver pre-crash vehicle handling and signs of illness in crashes caused by sudden illness. One 
hundred and thirty-eight such crashes were identified in two databases and compiled in a descriptive statistical analysis focusing on the 
characteristics of the drive, driver, and crash. Subsequently, an exploratory analysis was conducted, identifying themes related to 
drivers' pre-crash vehicle handling and signs of illness based on driver and witness testimonies and vehicle signals.

The descriptive statistics revealed that the crashes occurred in various traffic environments and speed limits and in drives that had 
only just begun as well as after a couple of hours of driving. The drivers experienced a variety of medical conditions, most often leading 
to a loss of consciousness. This frequently resulted in single-vehicle, run-off-road crashes, consistent with previous research (Brodie 
et al., 2019; Hanna, 2009; Neal et al., 2018; Tervo et al., 2008). Most drivers (84%) were men, and the average driver age was 65 
years, although both men and women of varying ages were represented. It is worth noting that 47.5% of driver licence holders in 
Sweden in 2024 were women (Transportstyrelsen, 2025b), and 72% were below 65 years of age (Transportstyrelsen, 2025a), sug
gesting that older men are overrepresented in this type of crashes. Previous studies on fatal crashes caused by sudden illness have 
similarly found that the majority of involved drivers were men with an average age between 62 and 67 years (Ahlm et al., 2001; Breen 
et al., 2018; Brodie et al., 2019). Research on serious, though mostly non-fatal, crashes related to sudden illness has reported an 
increased relative risk among older drivers, even though those under 65 years of age accounted for most sudden illness crashes in 
absolute numbers (Hanna, 2009; Lindsay & Baldock, 2008).

Through the exploratory analysis, new and important insights about the events preceding collisions caused by sudden illness were 
gained. One significant finding was that drivers often pressed the accelerator pedal, sometimes with considerable force, during epi
sodes of sudden illness. The accelerator pedal was maximally depressed more than 40% in 14 of the 24 cases with vehicle data, and 
above 80% in 9 cases. The issue of unintended accelerations or other pedal errors by drivers experiencing medical impairments has 
previously been noted in studies on pedal misapplication (Ekambaram et al., 2023; Lococo et al., 2012). To our knowledge, this is the 
first time the phenomenon has been described for multiple crashes caused by medical emergencies, and for cases that include vehicle 
signals, witness testimonies, or both.

The reasons why some drivers increased their pressure on the accelerator pedal cannot be determined from this study alone, but 
several explanations are plausible. Epileptic seizures, for example, often involve increased muscle tone or involuntary movements, and 
similar motor phenomena are also common in syncope (van Dijk et al., 2014). In cases where the driver's posture collapsed and the 
upper body fell forward, increased pressure on the accelerator pedal may also have occurred if the driver's foot remained on the pedal.

Observations of sudden veering or unstable driving further indicate that some incapacitated drivers also exhibit uncontrolled—and 
likely unintentional—steering inputs, although a lack of driver steering appears to be more common.

The finding that some drivers accelerate and/or steer after losing the ability to drive indicates that rapid interventions are crucial, 
as the severity of the situation can escalate quickly. Currently, the Euro NCAP 2026 protocol awards detection of unresponsive drivers, 
such as drivers experiencing sudden illness (Euro NCAP, 2025). Drivers are classified as unresponsive if they do not return their gaze to 
the forward road within three seconds after an inattention warning, or if their eyes have been closed for more than six seconds. When a 
driver has been classified as unresponsive, the car shall initiate a minimum risk maneuver. This type of detection and vehicle inter
vention are of great importance as they may prevent or mitigate crashes in certain traffic environments and for certain driver be
haviors. However, this study clearly shows that future solutions also need to focus on faster detection and interventions.

The fact that drivers sometimes accelerate or steer the vehicle after losing the ability to drive also poses an obvious risk that system 
interventions, such as autonomous emergency braking or minimum risk maneuvers, may be unintentionally overridden by the driver's 
actions. The ability of the driver to override or interrupt system interventions is a required and important function that is intended to 
allow safe vehicle operation in case of incorrect system interventions, by allowing the driver to take control of the vehicle with a 
conscious action (UN Regulation No 152, 2020). It is thus essential to distinguish between intended and unintended driver actions, 
including unintentional accelerations and steering, to be able to implement systems that prevent or mitigate these types of crashes. 
Driver state detection, including sudden illness detection, could contribute to this.
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To date, there is a lack of studies reporting observable signs of illness in drivers involved in crashes caused by sudden medical 
events, with the exception of Sakurai et al.'s (2014) case study of a taxi driver who experienced two seizures. Knowledge about such 
observable signs is crucial for effective detection of sudden-illness-related incapacitation, and an important finding from the present 
study is that these signs vary substantially. This even applies in situations where vehicle handling appears similar. For example, in 
cases where the driver presses hard on the accelerator pedal, passengers have described both drivers who collapsed, either forward 
with their head hanging down, or with their head tilted back, as well as drivers who were unresponsive while maintaining an upright 
posture with their eyes on the road and hands on the wheel. This suggests that multiple methods for detecting illness in vehicles should 
be considered. The technical solutions in cars today which use off road glances, eye closures, steering behaviors, or hands off wheel to 
detect driver unresponsiveness have the potential to detect incapacitation in some cases, such as when the driver collapses and leans 
forward. They are, however, unlikely to identify all cases. Other observable symptoms identified in this study included snoring, wheezy 
or gurgling sounds from breathing, convulsions, and paleness. While this is a retrospective study with limited information about 
drivers' observable signs of illness, the results nonetheless indicate that a wider range of symptoms may be relevant for in-vehicle 
illness detection. Further research is needed to determine which symptoms are sufficiently recurrent and specific to be used reli
ably for detecting sudden illness. Biometrics were not available in this study but represent another promising area, and technical 
solutions capable of detecting events such as cardiac arrests, arrhythmias, and drops in blood pressure should also be explored.

There was a significant variation in whether drivers in this study experienced prodromal symptoms before losing driving ability, 
and whether they understood the need to stop the vehicle. In a previous study, Sorajja et al. (2009) found that 87% of patients 
evaluated for syncope and who had an episode of syncope while driving had prodromal symptoms, such as light-headedness, nausea, 
diaphoresis, and palpitations. Since drivers in this study were not explicitly asked about prodromal symptoms, such information is 
missing in most cases. It is, however, clear that there are cases both where the drivers were taken by surprise by the sudden illness, and 
cases where the driver realized the severity of the situation and intended to stop. In several cases, the driver had begun to brake and/or 
steer, and sometimes even brought the vehicle to a complete stop, but then started to accelerate again after losing consciousness. In 
other cases, there was simply not enough time for the driver to complete the intention before losing consciousness and/or driving 
ability.

Previous studies from Japan also demonstrate considerable variation in how drivers respond to sudden medical events while 
driving. Among drivers who experienced a stroke while driving, 47% continued driving despite symptoms and did not crash, 36% 
pulled over, and 16% were involved in a crash (Inamasu et al., 2018). In contrast, among drivers who suffered a seizure while driving, 
84% were involved in a crash, while only 16% managed to pull over (Inamasu et al., 2019). For drivers experiencing acute coronary 
syndromes, 15% caused a crash after cardiac arrest, whereas the remaining 85% remained conscious and avoided a crash by either 
continuing to drive or pulling over to call for help (Inamasu et al., 2017). Together, these findings illustrate the wide variability in how 
drivers both seek to and succeed in handling sudden medical events while driving.

Solutions to prevent or mitigate crashes caused by sudden illness may look very different depending on whether the driver rec
ognizes the seriousness of the situation or not. In the former case, there may be opportunities for interventions based on interaction 
between the vehicle and the driver, while in the latter case, interventions cannot rely on driver actions. In cases where there is a 
passenger in the vehicle when the driver experiences sudden illness, interaction between the vehicle and the passenger can also be 
considered. There were several examples in this study of passengers that wanted but were unable to take control of the car and avoid 
the crash. Future solutions should therefore also consider how passengers can be supported in situations where the driver loses driving 
ability.

This study has several limitations. Most of the information in non-fatal crashes comes from voluntary self-reporting, which in
troduces potential bias in who chooses to respond and what details they provide. Non-response bias has been documented in the mail 
survey questionnaire used in this study (Tivesten et al., 2012), and although weighting procedures are commonly used in crash sta
tistics, they are not used here, as the present study is exploratory in nature. Its purpose is to identify common pre-crash patterns in 
sudden-illness crashes rather than to provide population-level estimates of their frequency or the distribution of medical conditions.

Some cases may also have been missed in the word search, depending on if and how the driver described the event. In addition, the 
criteria for mail survey questionnaires to be sent, which require a repair cost above a certain level, may result in the omission of certain 
crashes, such as those involving pedestrians and cyclists or low-speed collisions. The dataset should thus not be taken as representative 
of all crashes caused by sudden illness. Rather, it should be seen as a comprehensive compilation of examples of crashes caused by 
sudden illness.

Since drivers in most cases had impaired consciousness, most don't remember the pre-crash events and how they acted. Information 
from witnesses and vehicle signal recordings has therefore been a crucial source of information, although not available in all cases. The 
fatal crashes generally had more witness descriptions as they always included in-depth studies, but, for obvious reasons, they lack 
driver testimonies. There is also a risk that cases where non-fatal medical conditions have caused fatal crashes have been missed.

The classification of medical conditions and their impact on consciousness also involves a degree of uncertainty, particularly in 
cases without medical records or autopsy reports. The differential diagnosis of transient loss of consciousness is difficult also after a 
complete medical work up, and the initial diagnosis of syncope, psychogenic events, and seizures is frequently wrong (Rogers & 
O'Flynn, 2011). In this study, this risk was mitigated by using broad categories, and the exact etiology should not have affected the 
conclusions. It can be noted that while transient loss of consciousness and seizures were common among the non-fatal cases, only one 
case of transient loss of consciousness was identified among the fatalities. These conditions involve spontaneous recovery, meaning 
that unless they cause a high-severity crash, the outcome is non-fatal. Moreover, because such conditions do not leave persistent 
physiological markers, they cannot be identified through autopsy. They are therefore difficult to detect when they result in fatal 
crashes.
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In conclusion, this study has provided important and novel insights into drivers' pre-crash vehicle handling and signs of illness in 
crashes caused by sudden illness. The findings show large variations in how sudden illness manifests and highlight the need for 
multiple ways of both detecting sudden illness and preventing or mitigating crashes caused by it. The findings also highlight the need 
to detect unintentional actions and conduct rapid interventions, since drivers often press the accelerator pedal and/or depart from their 
travel lane when falling ill.
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