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Reality of traffic injuries attributable to preceding
decreased level of consciousness

Yuya Oda,"?3@ Tomokazu Motomura,'? and Hisashi Matsumoto '+

'Shock and Trauma Center, Nippon Medical School Chiba Hokusoh Hospital, Chiba, Japan, ?Department of
Emergency and Critical Care Medicine, Nippon Medical School, Tokyo, Japan, and *Department of Internal
Medicine, Hitachiomiya City National Health Insurance Miwa Clinic, Ibaraki, Japan

Aim: Although decreased level of consciousness (DLOC) while driving may lead to serious accidents involving drivers and people
around them, including passengers and pedestrians, few studies have assessed traffic injuries attributable to preceding DLOC. We
aimed to identify factors suggestive of a DLOC preceding traffic injury during initial examination.

Methods: This study included 193 drivers who were brought to our facility during the 1-year period from January to December
2018. The drivers were divided into those with and without DLOC for comparison and analysis. Data on age, sex, causes of DLOC, and
medical history were retrospectively reviewed from medical records.

Results: Of these 193 drivers, 58 (30.1%) had experienced preceding DLOC. The following factors suggested possible episodes of pre-
ceding DLOC: a single-vehicle accident (odds ratio [OR] 3.59; 95% confidence interval [CI] 1.76-7.34; P < 0.001) and histories of hyperten-
sion (OR 2.64; 95% Cl 1.13-6.15; P = 0.0248) and psychiatric disorders (OR 3.49; 95% Cl 1.08-11.3; P = 0.0370). The causes of DLOC
were endogenous diseases in 20 drivers (34.3%), dozing off episodes in 19 (32.8%), and acute alcohol intoxication in 11 (19.0%).

Conclusion: Before traffic accidents, 30.1% of drivers experienced DLOC. Single-vehicle accidents and histories of hypertension and
psychiatric disorders were factors suggestive of preceding DLOC.
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INTRODUCTION

ECREASED LEVEL OF consciousness (DLOC)

while driving results in drivers being unable to control
their vehicles, and serious accidents involving themselves
and also people around them, including passengers and
pedestrians, may occur. According to a survey by the Japan
Ministry of Land, Infrastructure, Transport and Tourism on
commercial vehicles, annually, approximately 300 accidents
are reportedly caused by health problems. Because approxi-
mately 5% of these accidents involve injury or death,' coun-
termeasures, including screening tests and the provision of
guidelines for cerebrovascular disease management, have
been implemented for drivers.” However, few surveys on
accidents attributable to health problems in all traffic
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accidents, including those involving private vehicles, have been
conducted in Japan. Although Takuma et al. reported that acci-
dents caused by endogenous diseases accounted for 0.4%—
3.4% of traffic accidents,3 they failed to include accidents
occurring in situations in which the drivers could not operate
their vehicles normally because of dozing off episodes, acute
alcohol intoxication, etc. Situations such as these may lead to
serious accidents, including situations with preceding DLOC
owing to endogenous diseases. It is important to conduct a fact-
finding survey on all traffic accidents, including those occurring
in such situations and to suspect preceding DLOC at initial
examination. This study aimed to elucidate the reality of traffic
injuries involving private vehicles that are attributable to pre-
ceding DLOC owing to dozing off episodes, alcoholism,
endogenous diseases, etc. and identify factors suggestive of a
DLOC preceding traffic injury at initial examination.

METHODS

HIS RETROSPECTIVE OBSERVATIONAL study
included drivers who had traffic injuries and were
brought to the Shock and Trauma Facility, Nippon Medical
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School Chiba Hokusoh Hospital (hereafter, our facility) dur-
ing the 1-year period from January to December 2018. The
“drivers with preceding DLOC” were defined as drivers who
experienced preceding DLOC based on (i) self-reports by
interviewing injured drivers; (ii) reports from passengers or
witnesses of accidents; (iii) data recorded in drive recorders;
and (iv) drivers who were definitively determined to have
experienced preceding DLOC by multiple physicians at our
facility, including the authors, according to composite acci-
dent-related information. Such drivers were selected based
on medical records.

Drivers who might have experienced preceding DLOC
but whose conditions were undeterminable because of car-
diopulmonary arrests on arrival at our facility or owing to a
lack of data on DLOC in medical records were excluded.
The eligible injured drivers were divided into those with and
without preceding DLOC (the unconscious and conscious
groups) for comparison and analysis.

The study items were age, injury severity, overviews of
accidents, causes of DLOC, and medical history. Severe
injury was defined as Abbreviated Injury Scale score 3 or
higher. The causes of DLOC were determined based on the
statements of drivers and witnesses, findings during initial
examination, and results of tests conducted during hospital-
ization. Regarding overviews of accidents, a single-vehicle
accident was defined as an accident without another party
being involved.

Statistical analyses were performed using EZR (version
1.37).4 Categorical and continuous variables were compared
using Fisher exact test and Mann—Whitney U test, respec-
tively. For the multivariate analysis, a logistic regression
analysis was performed to calculate odds ratios (ORs) and
95% confidence intervals (CIs). Statistical significance was
set at P < 0.05. Continuous variables are expressed as medi-
ans and interquartile ranges (IQRs).

RESULTS

TOTAL OF 2,721 patients were brought to our facil-

ity during the 1-year period. Among them, 1,172 were
trauma patients including 271 vehicle occupants, of whom
205 were drivers. Twelve of the drivers were excluded,
including five who died due to trauma rather than endoge-
nous diseases and seven with unknown details. Finally, this
study included 193 drivers.

Of these 193 drivers, 58 (30.1%) experienced preceding
DLOC (Fig. 1), including 33 (56.8%), 16 (25.9%), and 3
(5.1%) who experienced preceding DLOC through inter-
views with them, reported by passengers or witnesses of
accidents, and based on data recorded in drive recorders,
respectively, and 6 (10.3%) who experienced preceding

DLOC by multiple physicians based on composite informa-
tion.

The median ages were 51 (IQR 29-66) and 49 (IQR 37—
49) years in the unconscious and conscious groups, respec-
tively, with no significant difference between the groups
(P = 0.689).

There were 42 (72.4%) and 86 (63.0%) men in the uncon-
scious and conscious groups, respectively, and there was no
significant difference in the sexes (P = 0.319).

There were 21 (36.2%) and 44 (32.6%) severe injury
patients in the unconscious and conscious groups, respec-
tively, and there was no significant difference in severity
(P = 0.623).

Single-vehicle accidents were caused by 29 (50.0%) and
28 (20.7%) drivers in the unconscious and conscious groups,
respectively. The proportion of single-vehicle accidents was
significantly higher in the unconscious group than in the
conscious group (P < 0.001).

Past histories showed that 9 (15.5%) and 11 (8.2%) dri-
vers in the unconscious and conscious groups, respectively,
previously had ischemic heart diseases or arrhythmias. How-
ever, no significant differences were observed (P = 0.130).
Furthermore, psychiatric disorders were observed in 13
(22.4%) and 7 (5.2%) drivers in the unconscious and con-
scious groups, respectively. The prevalence of psychiatric
disorders was significantly higher in the unconscious group
than in the conscious group (P = 0.001). Epilepsy was
observed in four (6.9%) and one (0.7%) driver in the uncon-
scious and conscious groups, respectively. The prevalence
of epilepsy was significantly higher in the unconscious
group than in the conscious group (P = 0.029). Further-
more, hypertension was observed in 20 (34.5%) and 25
(18.5%) drivers in the unconscious and conscious groups,
respectively, the prevalence of which was significantly
higher in the unconscious group (P = 0.025; Table 1).

Furthermore, a logistic regression analysis was performed
with age, sex, single-vehicle accidents, and medical histories
that were identified to have significant differences in the uni-
variate analysis (hypertension, psychiatric disorders, and
epilepsy). The risk factors for accidents following DLOC
were a single-vehicle accident (OR 3.59; 95% CI 1.76-7.34;
P < 0.001) and histories of hypertension (OR 2.64; 95% CI
1.13-6.15; P = 0.0248) and psychiatric disorders (OR 3.49;
95% CI 1.08-11.3; P = 0.0370; Table 2).

Of 58 drivers in the unconscious group, three (5.2%) pre-
viously caused traffic accidents attributable to preceding
DLOC.

The most common cause of DLOC was dozing off epi-
sodes in 19 drivers (32.8%), followed by acute alcohol
intoxication in 11 drivers (19.0%). The most common
endogenous disease was arrhythmia in six drivers (10.3%),
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All patients
n=2271
Trauma patients
n=1172
Vehicle occupanats
N=271
Drivers
N=205
Exclusion: 12drivers
Traumatic cardiopulmonary arrest on arrival: bdrivers
Medical record without detailed information: 7drivers
N=193
DLOC group Conscious group
N=58 N=135
Fig. 1. Flowchart of the study. DLOC, decreased level of consciousness.
Table 1. Age, sex, injury severity, single-vehicle accidents, and medical history
Unconscious group, N = 58 Conscious group, N = 135 P value
N (%) N (%)
Age (years), median (interquartile range) 51 (29-66) 49 (37-49) 0.689
Sex (male ratio), n (%) 42 (72.4) 86 (63.0) 0.319
Severity (severe ratio), n (%) 21 (36.2) 44 (32.6) 0.623
Single-vehicle accidents, n (%) 29 (50.0) 28 (20.7) <0.001
With passengers, n (%) 14 (24.1) 43 (31.8) 0.307
Medical history, n (%)
Cardiac disease 9 (15.5) 11 (8.15) 0.130
Respiratory disease 6(10.3) 10 (7.41) 0.571
Gastrointestinal disease 6(10.3) 13 (9.63) 1.00
Neurological disease 6(10.3) 9 (6.67) 0.390
Renal and urologic diseases 5(8.62) 6 (4.44) 0.311
Hemodialysis 2 (3.45) 3(2.22) 0.638
Psychiatric disorder 13 (22.4) 7 (5.19) 0.001
Epilepsy 4 (6.90) 1(0.74) 0.029
Hypertension 20 (34.5) 25 (18.5) 0.025
Diabetes mellitus 11 (19.0) 12 (8.89) 0.055

Bold type indicates a significant difference.

followed by infection in five (8.6%), epilepsy in 4 (6.9%),
subarachnoid hemorrhage in 2 (3.4%), and aortic dissection
in 2 (3.4%; Table 3).

No cause was identified in eight drivers, including three
whose causes were not identified despite detailed examina-
tions, including electroencephalography and Holter

electrocardiography, performed during hospitalization and at
the outpatient clinic, and five who were referred to another
hospital and were not followed up.

Of six drivers with arrhythmias causing DLOC, one had a
life-threatening complete atrioventricular block and two had
bradycardic atrial fibrillation. All six drivers exhibited
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Table 2. Factors influencing decreased level of conscious-
ness

OR 95% Cl P value
Sex 0.677 0.323-1.42 0.300
Age 1.00 0.979-1.02 0.963
Single-vehicle accident ~ 3.59 1.76-7.34 <0.001
Hypertension 2.64 1.13-6.15 0.0248
Psychiatric disorders 3.49 1.08-11.3 0.0370
Epilepsy 6.74 0.701-64.8 0.0985

Bold type indicates a significant difference.
95% Cl, 95% confidence interval; OR, odd ratio.

Table 3. Causes of decreased level of consciousness
(N=58)

Causes of decreased level of ~ Number of Proportion
consciousness drivers (n) (%)
Dozing off 19 32.8
Acute alcohol intoxication 11 19.0
Endogenous diseases
Arrhythmia 6 10.3
Infection 5 8.6
Epilepsy 4 6.9
Subarachnoid hemorrhage 2 34
Aortic dissection 2 3.4
Vagal reflex 1 1.7
Unidentified cause 8 13.8
Total 58

arrthythmias, including premature ventricular contraction,
atrial fibrillation, and atrioventricular block when they first
entered the emergency department. Although one of them
had noted palpitations before the DLOC, this driver did not
experience palpitations after admission. Because 24-h elec-
trocardiography did not detect tachyarrhythmia that could
cause DLOC, a loop electrocardiograph recorder was
implanted in this driver.

All four drivers with epileptic seizures causing DLOC
were previously diagnosed with epilepsy and were taking
oral antiepileptic drugs.

Of 19 drivers with dozing off episodes causing preceding
DLOC, five (26.3%) had a history of psychiatric disorders
and were taking oral antipsychotic and anxiolytic drugs.
Two drivers (10.1%) were taking oral antiallergic drugs

(olopatadine hydrochloride and levocetirizine hydrochloride)
for allergic rhinitis and two (10.1%) were taking an oral neu-
rologic pain reliever (Pregabalin) for chronic pain.

Of 11 drivers with acute alcohol intoxication causing pre-
ceding DLOC, four (36.3%) had a history of psychiatric dis-
orders.

DISCUSSION

MONG DRIVERS BROUGHT to our facility because

of traffic injuries, 30.1% had injuries attributable to
preceding DLOC, whereas 14.5% had injuries caused by
endogenous diseases besides dozing off and acute alcohol
intoxication, which was much higher than the previously
reported rate of 0.4%-3.4%.>

Factors suggestive of DLOC preceding traffic injury at
initial examination were (i) a single-vehicle accident and
histories of (ii) hypertension and (iii) psychiatric disorders.

The most common cause of preceding DLOC was dozing
off episodes (32.8%). The situations wherein drivers cannot
operate their vehicles normally because of dozing off epi-
sodes lead to serious accidents, similar to cases with preced-
ing DLOC owing to endogenous diseases. Of 19 drivers
with traffic injuries caused by dozing off episodes, the usage
of these drugs was not shown, although 9 (47.3%) were tak-
ing oral antipsychotics, anxiolytics, and other drugs. The
package inserts of antipsychotic drugs, anxiolytic drugs,
antiallergic drugs (olopatadine hydrochloride and levoceti-
rizine hydrochloride), and neurological pain relievers (pre-
gabalin) advise users to not engage in risky machine
operations, including driving. Although the Japan Ministry
of Health, Labour and Welfare had issued a notification that
physicians prescribing and pharmacists dispensing these
drugs should explain precautions,5 the patients are unaware
of the disclaimer about driving while using the drug. In the
future, medical professionals should take further efforts to
disseminate precautions to patients.

A history of psychiatric disorders was strongly associated
with accidents following DLOC (OR 3.49; 95% CI 1.08—
11.3). Because the oral administration of anxiolytic drugs,
including benzodiazepines, increases the risk of traffic acci-
dents,®’ drowsiness, which is an adverse reaction to oral
antipsychotic and anxiolytic drugs, might have caused a pre-
ceding DLOC. Moreover, 4 of 11 drivers with acute alcohol
intoxication causing a preceding DLOC had a history of
psychiatric disorders. There may be an association between
drinking and a history of psychiatric disorders.

A history of hypertension was strongly associated with
accidents following DLOC (OR 2.64; 95% CI 1.13-6.15).
The reason has not been clarified in this study. However,
approximately 10% of patients with hypertension in Japan
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have moderate or severe sleep apnea syndrome.® Further,
patients with sleep apnea had an OR of 6.3 for having a traf-
fic accident as compared with those without reported sleep
apnea.” Therefore, this study might have potentially
included some drivers with hypertension and undiagnosed
sleep apnea syndrome.

A single-vehicle accident was strongly associated with
accidents following DLOC (OR 3.59; 95% CI 1.76-7.34).
This was due to the fact that a single-vehicle collision acci-
dent with a stationary object is a factor caused only by the
accident vehicle, including the preceding DLOC. In the case
of a nonsingle accident, the factor was caused not only by
the accident vehicle but also by the other vehicle.

A survey on accidents involving commercial drivers
indicated that 36% of accidents caused by changes in
physical conditions resulted in death.'® When the preced-
ing DLOC or impaired consciousness owing to accidents
persists, drivers are unable to summon an ambulance by
themselves. Single-vehicle accidents are likely to be
caused by preceding DLOC. In such accidents that do not
involve vehicles of the other party, drivers are unable to
summon an ambulance; moreover, an impaired conscious-
ness may lead to life-threatening pathological conditions,
including airway obstruction. In Japan, an advanced auto-
matic collision notification system, called D-Call Net, has
been implemented since 2015. This system calculates the
probability of death or severe injury of occupants using
vehicle-related information, including changes in speed,
direction of collision, and state of the safety devices in
the event of an accident and requests for dispatch of an

D-Call Net for Disease

Abnormality stop the vehicle
sensor safely

@ o ulld —
—M~--

Information

air ambulance. This system has shortened the time
between the occurrence of an accident and the request for
an air ambulance by 17 min.'"1? If endogenous diseases
of occupants are also monitored and graded in severity by
a private vehicle, access to a similar system may allow
for early medical intervention and improve the survival
rate. In the future, when drivers cannot operate the vehi-
cle normally, the system should safely stop the vehicle
and automatically activate to the emergency system
including D-Call Net (Fig. 2). It is necessary to share the
reality of traffic injuries revealed by the study findings
with others in the automobile industry and to advance the
development of safer vehicles through collaborations
between medical institutions and the industry.

This study has two methodological limitations. First,
this was a single-facility observational study conducted
at the Shock and Trauma Facility. Second, it included
some drivers with retrograde amnesia that hindered us
from determining whether they had lost their conscious-
ness.

Because patients were limited to suspected severe cases
that were brought to our facility, we did not include any
mildly injured or uninjured drivers in traffic accidents
caused by DLOC. If such drivers were included, the inci-
dence of DLOC could be higher.

The second limitation in drivers with retrograde amnesia
was that we cannot determine whether they lost their con-
sciousness unless their conditions at the time of the accident
were monitored by improved automobile functions, includ-
ing monitoring of occupants.

Vital signs

Location

In-Vehicle camera

Call center
Fire
Department
activate
Prediction of C
severe disease
@activate
Base Hospital of
an Air ambulance
Doctor
delivery to
‘!m. the scene

Fig. 2. Future scenario: D-Call Net for Disease. D-Call Net is an advanced automatic collision notification system in Japan. Vehicle is
equipped with sensors that monitors consciousness, respiratory rates, and pulse rates of occupants through seats, handles, and in-
vehicle cameras. When drivers cannot operate the vehicle normally, the system should safely stop the vehicle and automatically acti-
vate to the emergency system. The severity is predicted based on vehicle sensors and cameras. In severe predictions, call centers
request the dispatch of an air ambulance. A doctor is delivered to the scene and provides early medical intervention.
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CONCLUSION

HIS STUDY REVEALED that 30.1% of drivers with

traffic injury who were brought to our facility had
DLOC (due to dozing off episodes, acute alcohol intoxica-
tion, endogenous diseases, etc.) before the accident. The
factors suggestive of depressed level of consciousness
preceding traffic injury are a single-vehicle accident and
histories of hypertension and psychiatric disorders.
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