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ABSTRACT

BACKGROUND: Traffic accidents are among the most common causes of death. A small proportion of drownings are associated
with traffic accidents. The roads in the Eastern Black Sea Region, where the study was conducted are fairly close to the seas, rivers,
and ponds. This study aims to evaluate the cases who underwent autopsies after the traffic accident between 2009 and 2016 and who
were found to have died as a result of drowning.

METHODS: A retrospective examination was made of the autopsy reports in the period 2009-2016.

RESULTS: As a result of the examination of forensic reports, from a total of 7124 autopsies performed in our center between 2009
and 2016, 41 (0.57%) were seen to be due to death in a traffic accident that resulted in drowning. Of the vehicles involved in the ac-
cidents, 30 (73.2%) were retrieved from a river/stream, 7 (17.1%) from a lake, and 4 (9.7%) from the sea. In all 39 cases, the primary
cause of death was determined as asphyxia related to drowning. Other reasons affecting death were traumatic intracranial bleeding in
7 (17.1%) cases, medulla spinalis injury in 4 (9.7%), and pulmonary injury in 2 (4.9%).

CONCLUSION: It was determined in the study that the typical autopsy results of trauma and drowning after a traffic accident could
coexist. Drowning alone could be the cause of death, even though there was a traumatic origin such as a traffic accident in such cases.
It was revealed that chemical and microscopic examinations should be handled together with crime scene results and eyewitness
statements in addition to traumatic results during the examination phase.
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INTRODUCTION

According to the World Health Organization (WHO),
throughout the world, a person dies associated with a traffic
accident every 23 s. It has been reported that in 2016, 1.35
million people passed away in traffic accidents and almost
50 million individuals were injured.'"? In 2018, 6675 deaths
were reported in more than 1.2 million traffic accidents in
Turkey.B4 Furthermore, there are an estimated 320,000 an-
nual drowning deaths worldwide, while 600 people death in
Turkey.B?*!

Traffic accidents resulting in drowning are not common and
there is very little information about drowning in water asso-

ciated with traffic accidents on roads. Of all drowning cases,
3—11% occur together with a motor vehicle accident. Drown-
ing associated with a road motor vehicle has been reported
as 1.5% of all traffic accident deaths and as 3.3% of accidents
involving a single vehicle.¥]

Death origin detection can be difficult in such deaths due
to a lack of witnesses and late access to the scene. There-
fore, medical and crime scene investigation reports must be
obtained before the autopsy. The findings obtained from a
well-organized crime scene investigation team will be highly
determinant in the autopsy procedures to be applied by the
experienced forensic pathologists when there is an overlap
of traumatic agents with asphyctic results such as drowning.
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This study aimed to evaluate the scene of crime findings and
autopsy reports of bodies retrieved from the water follow-
ing traffic accidents which finished in the sea, rivers, or lakes
and, thereby, contribute to the relevant specialists for the de-
termination of traumatic injuries and asphyxia states. In our
country, which is not rich in terms of water resources, it is to
give information about road traffic accidents that submerged
vehicles, and corpses removed from the water.

MATERIALS AND METHODS

A retrospective examination was made of the autopsy re-
ports made by the The Council of Forensic Medicine — Tra-
bzon Forensic Medicine Group Directorate in the period
2009-2016. The study only included traffic accidents involv-
ing road motor vehicles and maritime accidents were exclud-
ed from the study. A total of 41 deaths following road traffic
accidents were evaluated with respect to the autopsy findings
and scene of crime reports. A record was made of the de-
mographic data of the cases, the location of the accident, the
cause of the accident, and the cause of death. Data obtained
in the study were analyzed statistically using SPSS vn. 24 Soft-
ware (Statistical Package for the Social Sciences).

RESULTS

As a result of the examination of forensic reports, from a total
of 7124 autopsies performed in our center between 2009 and
2016, 41 (0.57%) were seen to be due to death in a traffic
accident that resulted in drowning. The 41 cases comprised
36 (87.8%) males and 5 (12.2%) females with a mean age of
46.46116.19 years (range, 12-82 years). Most of the accidents
(n=13) occurred in 2013 in the months of June and August. In
40 accidents, a single vehicle was involved, in 39 (95.1%) the
vehicle was a car and in two accidents, a lorry. It was recorded
that four vehicles were overturned in the water.

Of the vehicles involved in the accidents, 30 (73.2%) were re-
trieved from a river/stream, seven cases (17.1%) from a lake,
and four cases (9.7%) from the sea. The distribution of the
months of the accidents is shown in Figure | and the time at
which the accidents happened in Figure 2.

Of the 27 bodies found within the vehicles, 16 were the
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were at a distance of |-16 km from the site of the accident.
Rescue teams were at the site of the incident within the
I** h in 12 cases and bodies were retrieved between 3 and
312 h in 23 cases. This information was not available in five
cases. From the records, it was determined that only two
cases (3.2%) were wearing a seatbelt before the accident.
The positions of the bodies in the vehicle before and af-
ter the accident according to the crime scene reports are
shown in Figure 3.

In the examination of the bodies removed from the wa-
ter, grazes and lacerations were determined in 78% (n=32),
washer-woman hand in 58.5% (n=24), mud stains on the
skin in 48.8% (n=20), cutis anserina in 4.9% (n=2), and de-
composition in 4.9% (n=2). In the respiratory system exam-
ination, the mushroom-like foam was determined in 24.4%
(n=10), bleeding, froth, and edema in pulmonary sections
in 96% (n=39), and pleural transudate in 4.9% (n=2) (Figs.
4 and 5).

Bone fractures were determined in 61.1% of the cases. Three
of the six cases with cervical vertebrae fractures and one
with thoracolumbar vertebra fracture were determined with
medulla spinalis damage. The scene of crime photographs of
one of the current cases is shown below (Figs. 6 and 7).

01:00-06:00
(17.1%)

06:00-12:00
(22%)

Figure 2. Distribution of the accidents according to the time at
which they happened.
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Figure 1. Distribution of the accidents according to months.
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Figure 3. Positions of the individuals before and after the accident.
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edematous lungs which were increased in weight.

In the toxicology examination, blood ethyl alcohol levels
were mean 189.50+77.1 mg/dL (range, 93-306 mg/dL) in 14
cases. SSRI group antidepressant substance was determined
in one case, A9-tetrahydrocannabinol (THC) in one and ben-
zodiazepine metabolites in one case.

In the histopathological examination, a fibrotic appearance
consistent with myocardial infarction was determined in
seven (17.1%) cases, and atherosclerotic changes causing
>50% obstruction in at least one of the coronary vascular
lumen in seven (17.1%) cases.

In 39 (95.1%) cases, abundant froth and edema fluid were
determined in the lungs and respiratory pathways, and in |9
(46.3%) cases, mud and sand were determined in the stomach.
Fluid content was detected in the stomach of 46.3% (n=19)
of the cases. About 68.4% (n=13) of these cases with fluid in
their stomachs were removed from a stream. The right lung
was weighed as mean 786.1+£250.3 g (range, 395-1500 g) and
the left lung as 705.90+£225.20 g (range; 303—1200 g). In two
cases (4.9%), the respiratory and gastrointestinal systems
could not be fully evaluated due to findings of decomposition.
These two decomposed bodies were retrieved 288 and 312
days after the accidents, one from inside the vehicle and the
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Figure 7. An overturned vehicle in a stream.

other from 2500 m distant from the location of the accident.
In all 39 cases, the primary cause of death was determined
as asphyxia related to drowning. Other reasons affecting
death were traumatic intracranial bleeding in 7 (17.1%) cases,
medulla spinalis injury in 4 (9.7%), and pulmonary injury in 2
(4.9%).

DISCUSSION

The eastern Black Sea Region of Turkey has a rugged geo-
graphical nature with a long coastline and many rivers and
streams and reservoirs. The Black Sea Coast road runs along
the coast parallel to the sea and the inland roads are generally
parallel to rivers. Therefore, vehicles in traffic accidents can
roll into these areas of water. The cause of death in traffic ac-
cidents is generally musculoskeletal system or organ damage,
severe bleeding, or asphyxia in the early period. However,
in the later period, mortality may develop due to secondary
bleeding, hypotension, and/or kidney failure associated with
widespread muscle damage, fat embolism, local and systemic
infections, and myocardial or cerebral infarctus.?

The origin of death in traffic accidents and drowning cases is
usually an accident.?”! It can be difficult to clarify the cause
of death when these two events overlap. Autopsy studies of
bodies removed from water which has presented difficulties
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due to the continuously changing characteristics of lakes,
rivers, and seas./*® To determine the cause of death in a body
removed from the water, an autopsy has to be conducted
and must be excluded from other causes than drowning.”’ In
Turkey, unlike some countries, forensic pathologists do not
specify the origin of death in their reports. Autopsy reports
only have the causes of death. According to the judicial struc-
turing, the origin of death is determined after the result of
the crime scene investigation, autopsy, inquiry, and trial by
the judicial authorities. In this retrospective study, the cases
whose cases have been concluded were evaluated.

There are a few scientific articles in the literature related to
motor vehicle accidents that result in drowning. In these acci-
dents, the vehicle leaves the road and enters the water or falls
from a bridge®'” (Figs. 6 and 7). The cause of death may be
traumatic due in part to drowning or maybe drowning alone.

Especially in bodies that have remained in shallow water, there
may be extensive wearing away of the skin due to friction from
stones or pebbles. In 78% (n=32) of the current cases, there
were grazes and lacerations, the majority of which were de-
termined to have occurred antemortem or in the early post-
mortem period. Deaths occurring through the mechanism
that triggered the traffic accident explain the reason for bone
fractures determined mostly in the neck and chest.

Asphyxia may be caused by not being able to undo the seat-
belt and not being able to get out of the vehicle due to the
physical injuries or the water pressure created in the vehi-
cle. The deaths of four cases where the vehicle was found to
be overturned could have happened for this reason. When
there is a loss of consciousness or restricted movement due
to trauma, it is possible for a person in a prone position to
drown in shallow water.”? Of the current cases, 70.7% (n=29)
were found within the vehicle, and in 95.1% (n=39), bleed-
ing, froth, and edema fluid were determined in the lungs and
respiratory tract, and in 4.9% (n=2), pleural transudate. Th-
ese findings demonstrate that the deceased was severely or
slightly injured due to the accident, could not get out of the
vehicle, and aspirated water.

In traffic accidents within the vehicle, musculoskeletal system
and visceral injuries may occur, which are defined as “seatbelt
syndrome”.'""'Zl The wearing of seatbelts reduces injuries and
deaths by 45-50% for those in front seats and by 25-75%
for those in back seats.[""] In our study, it was detected that
only two cases (3.2%) have been wearing a seatbelt while an
accident. In the others, no findings could be determined sug-
gestive of seatbelt syndrome. Except for the victims (34.3%;
n=14) who had skull and spine fractures that could impede
mobility and it was found that the cases (70.7%; n=29) could
not get out of the vehicle.

Washerwoman'’s skin was determined in 58.5% (n=24) of the
current cases and mushroom-like foam in 24.4% (n=10). In
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the study of Tiirkoglu et al.,l' it is stated that the most com-
mon finding in corpses taken out of water is washerwoman’s
skin and mushroom-like foam. The Washerwoman’s hand
appearance occurs when a body has remained in the water
for more than |-2 h.I'"*l There may also be soil, sand, and
seaweed stains from the environment, in which it is found.
Experimental studies have reported that the washerwoman’s
hands appearance is formed in the fingerprints when the body
remains in the water of 10—18°C for 20-30 min (max 100
min), and for this to form in the whole finger, it must remain
in the water for 50—-60 min (max 150 min).'*l The more fre-
quent occurrence of the accidents in May, June, and August
is directly relating to the increasing agricultural, commercial,
and tourist traffic in the region. Furthermore, on secondary
roads, protective mechanisms that can tolerate personal mis-
takes are less than on highways.

Of the I8 cases in the current study removed from the wa-
ter within the first 3 h, the washerwoman’s hand finding was
determined in only four cases, whereas it was present in all
I8 bodies retrieved between 4 and 312 h after the accident.
Of the five cases, where there was no information about the
time of the accident, the washerwoman’s hand finding was
present in two cases. Irrespective of the time spent in the
water, the mushroom-like foam finding, was negative in 75.6%
of the whole sample, including the cases where the time of
the accident was not known. Washerwoman’s skin and cutis
anserina show that the body has been in water but does not
show whether the body was alive or dead when it entered
the water.'®) However, the findings of mushroom-like foam,
bleeding in the inner ear (petrous bone), and the presence of
foreign bodies in the sinuses indicate respiration difficulties
and are evidence of live drowning.

Drowning increases the weight of the lungs by mean 100 g
and it has been stated that the lungs can reach 600-700 g in
weight.[2'¢] Weight is related to the process of asphyxia, and
it has been reported that in suffocation, the weight of the
lungs is <1000 g, whereas the mean weight in drowning cases
is 1411-1484 gl'18

There was plenty of fluid in the lungs of our 39 cases and
mud/sand in the stomachs of 19 patients (46.3%). Dirlik and
Bostancioglul'”! stated in their research, they stated that they
detected fluid in the stomach and duodenum in 79.4% of the
children who were removed from the water. A similar situ-
ation in our study and in Dirlik’s!'”! study was that the bod-
ies removed from the river and irrigation channels had more
fluid in the respiratory and gastrointestinal tract than those
removed from the lake or sea. This situation is thought to be
due to stream pressure. In the autopsy, aspirated fluids may
be encountered in the airways and lung sections (Fig. 5).

However, this is only valid when the body has been in the

water for <24 h, and after this time, the weight of the lungs
decreases, but the amount of pleural transudate increases.
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It has been reported that in more than 75% of bodies that
have remained in the water for longer than 30 days, the total
amount of transudate and pulmonary weight is 1000-2200
g2 In the present study cases, the mean weight of both
lungs was 1492.1 g (right: 786.1£250.3 g, left: 705.9+225.2 g).
In 35 cases, where the time of the accident was not known,
pleural free fluid (transudate) was not determined. Based on
the information above, it can be concluded that these cases
remained in the water for <24 h. In cases with no increase in
lung weight, rarely seen “dry drowning” is seen in 2% of all
drowning cases.? Due to vasovagal inhibition, there may be
sudden and severe stimulation of the parasympathetic system
with severe stimulation of the sensitive nerve endings, and
bradycardia and cardiac arrest may be triggered through the
[0t cranial nerve nucleus and vagal stimulus. Water entering
the trachea in the form of a bolus can cause reflex cardiac ar-
rest before the fluid enters the lower respiratory tract.! As
findings were determined to support the diagnosis of drown-
ing in all the current study cases, there were no cases that
were thought to have been caused by vasovagal inhibition.

Decomposition occurs in 3 days postmortem in moderate
climates and within the first 24 h in subtropical climates.”!
While organic content in the water accelerates decompo-
sition, saltiness slows it down. In tropical regions, bodies in
water come to the surface in 24 h, and in moderate climates,
they come to the surface in | week in summer and in 2 weeks
in winter.2'! In laboratory conditions, the mean body temper-
ature of an adult falls to 35°C in | h in the water of 5°C, and
in 3—6 h in the water of 15°C. The water temperature of the
Black Sea varies between 7.9°C and 15.1°C between Novem-
ber and April, reaching the lowest temperatures in February.
22 |n two of the present study cases, internal organ evalua-
tion could not be made due to decomposition. These two
cases were retrieved 288 and 312 days after the accident, one
from within the vehicle and the other at a distance of 2500 m
from the location of the accident.

There may be pathologies such as cardiac or neurological dis-
orders (cardiac, aortic, cerebrovascular disease, stroke, and
epilepsy) which may have caused the accident, and these may
be found incidentally in the histopathological examination./”2*!
As a result of our autopsies, a fibrotic appearance consistent
with chronic myocardial infarction was determined in 17.1%
of cases, but these pathologies were not evaluated as causing
the accidents. As a result of the trials made after the crime
scene investigation, witness statements, and autopsy, it was
concluded that all traffic incidents subject to our study were
not murder or suicide, but accidents due to human error.

Diatoms, which are microscopic single-cell algae found in
freshwater, saltwater, soil, and air, enter the systemic circula-
tion when water is aspirated.?”] Due to the high possibility of
contamination, this is not sufficiently specific or sensitive for
a diagnosis of live drowning.l'#20242¢] However, the determi-
nation of diatoms in bone marrow (healthy femur, sternum,
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and vertebrae) is valuable.?**"1 As it is not part of the routine
work discipline of our center, no investigation was made re-
lated to the determination of diatoms.

It has been reported that the majority of drowning cases are
male and 60.7% test positive for alcohol and 26.2% for psy-
chotropic substances.®®?”l When blood ethyl alcohol concen-
tration (BAC) is 20.04 g/dL, the risk of a traffic accident when
driving is significantly increased. The risk of traffic accidents
when drugs have been taken shows variations depending on
the psychoactive drug used. The risk of a fatal traffic acci-
dent of those using amphetamines has been reported to be
increased by approximately 5-fold.l'! In Turkey, the BAC limit
is 0.5 mg/dL in traffic. Positive BAC was determined in 34.1%
of our cases (mean 189.5177.1 mg/dL). The reason for the
lower BAC rate can be attributed to cultural and regional
differences.

In three of the present study cases, SSRI, THC, and ben-
zodiazepine metabolites, respectively, were determined at
non-lethal levels. Compared to other anti-depressants, SSRI
is safer; and the lethal dose is extremely high (LD50). No
anticholinergic, cardiac, or sedative side-effects are seen as-
sociated with these drugs, and epileptic seizures do not occur
during SSRI use. The drug agent substances determined in the
toxicology examination in our study were not at a toxic level,
and it was concluded that they had not had an effect on the
occurrence of the accidents.

Conclusion

When the cases in this study were examined, bone fractures
in the cervical region were predominant among the trauma
findings. As expected, alcohol consumption was an impor-
tant risk factor in these cases. Typical autopsy findings related
to both trauma and drowning were seen together in these
cases. In complicated cases such as these, which can become
extremely confusing, the determination of pathologies which
can cause death together or alone is important.

It should be kept in mind that sudden illness onset while
driving may cause an accident.’>! All drivers, especially com-
mercial drivers (bus, taxi, and truck drivers), should be reg-
ularly checked for their health and should not be allowed to
drive when a disturbance is detected. As in our research, it
was determined that the most important cause of the traffic
accidents occurring in the regions with steep slopes human
errors. It was concluded that the most important protective
factor in vehicles that especially roll-over before submerged,
the water is the seat belt.

In cases where the seat belt is not fitted, it will be difficult to
distinguish between the driver and the passenger in the vehi-
cle that rolls over and moreover somersaults into the water.
Therefore, it would be appropriate to perform an autopsy
in all cases in such cases. Besides, we think that it would be
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beneficial to share the judgment results with the physician
performing an autopsy in forensic death cases.

Highlights

* Traffic accidents resulting in drowning are not common
and there is very little information about drowning in wa-
ter associated with traffic accidents on roads.

* To determine the cause of death in a body removed from
water, an autopsy must be conducted and causes of death
other than drowning must be excluded.

* Bone fractures in the cervical region were predominant
among the trauma findings.
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ORIJINAL CALISMA - 0Z

Suda bogulma ile sonuglanan trafik kazalar:
Dr. Hiiseyin Getin Ketenci,' Dr. Sait Ozsoy,2 Dr. Halil ilhan Aydogdu,® Dr. Mehmet Altinok?

'Recep Tayyip Erdogan Universitesi Tip Fakiiltesi, Adli Tip Anabilim Dali, Rize
2Saglik Bilimleri Universitesi Giilhane Egitim ve Arastirma Hastanesi, Adli Tip Anabilim Dali, Ankara
3Adli Tip Kurumu Bagkanlii, istanbul

AMAC: Trafik kazalari en sik 6lim nedenleri arasindadir. Suda bogulmalarin ise kiiglik bir kisminin trafik kazalari ile iliski bulunmaktadir. Calismanin
yapildigi Dogu Karadeniz Bolgesi’ndeki karayollari deniz, akarsu ve goletlere oldukga yakin mesafededir. Calismada; 2009—2016 yillari arasinda trafik
kazasi sonrasinda otopsileri yapilan ve suda bogulma sonucu 6ldiigu tespit edilen olgularin degerlendirilmesi amaglanmistir.

GEREC VE YONTEM: 20092016 yillari arasinda yapilmis otopsilerin raporlari geriye déniik olarak incelendi.

BULGULAR: Adli kayitlarin incelenmesi sonucunda 2009-2016 yillari arasinda merkezimizde otopsisi yapilan 7124 olgudan 41’inin (%0.57) olimi-
niin suda bogulma ile sonuglanan trafik kazasi sebebiyle gerceklestigi goriildu. Kazaya karigan araglarin %73.2’si (n=30) akarsudan, %17.1’i golden
(n=7) ve %9.7’si denizden (n=4) gikartildi. Otuz dokuz olgunun tamaminda primer &liim sebebinin “suda bogulmaya bagli asfiksi” oldugu tespit
edildi. Yedi olguda (%17.1) olime etki eden diger sebepler travmatik intrakraniyal kanamalar, dort olguda (%9.7) medulla spinalis hasari, iki olguda
(%4.9) akciger yaralanmasiyd.

TARTISMA: Calismada trafik kazasi sonrasinda travma ile suda bogulmanin tipik otopsi bulgularinin bir arada bulunabildigi tespit edildi. Bu tip olay-
larda, trafik kazasi gibi travmatik bir koken olsa da; suda bogulmalarin tek bagina 6liim nedeni olabilecegi goriildi. Inceleme agamasinda travmatik
bulgularin yaninda kimyasal ve mikroskobik incelemelerin, olay yeri bulgulari ve tanik ifadeleri ile birlikte ele alinmasinin gerekliligi ortaya konuldu.
Anahtar sézclikler: Bogulma; otopsi; trafik kazasi.
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