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Background: Given the rising prevalence of subways in combination with an increas-
ing incidence of subway-related injuries, understanding subway-related trauma is
becoming ever more relevant. The aim of this study was to characterize the potential
causes, injury characteristics and outcomes of subway-related trauma at a level 1 adult
trauma centre in Toronto, Ontario.

Methods: We conducted a retrospective cohort study to identify patients who pre-
sented to the emergency department a level 1 adult trauma centre with a subway-
related injury between Jan. 1, 2010, and Dec. 31, 2018. Patients were identified via
International Statistical Classification of Diseases and Related Health Problems, 10th Revision
E-codes (X81, Y02, V050, V051 and W17). We then further screened for descriptions
of subway-related injuries. Patients whose injuries did not involve a moving subway
train were excluded.

Results: We identified 51 patients who presented to the emergency department after
being hit by a moving subway train. The majority of incidents (39 [76%]) were due to
self-harm, 10 (20%) were unintentional injuries, and 2 (4%) were due to assault. The
presence of alcohol was detected in 8 patients (80%) with unintentional injuries and 3
(8%) of those with self-inflicted injuries. Thirteen patients (25%) had a systolic blood
pressure less than 90 mm Hg. The median Injury Severity Score was 17 (interquartile
range 9-29). Seventeen patients (33%) presented with severe injuries (Abbreviated
Injury Scale score > 3) in 1 body region, and 19 (37%) had severe injuries in 2 or
more body regions. The most common isolated severe injury was in the lower extrem-
ity, and the most common combinations of severe injuries were in the head and lower
extremity, and head and thorax. Ten patients (20%) were declared dead in the emer-
gency department. Of the 41 patients who survived their initial presentation, 12
(29%) went directly to the operating room, and 17 (41%) were transferred to the
intensive care unit. The overall mortality rate was 29%.

Conclusion: Patients with subway-related injuries experienced high mortality rates
and severe injuries. Most incidents were due to self-harm or alcohol-related. Further
research into early identification of those at risk and optimal prevention strategies is
necessary to curb further incidents.

Contexte : Compte tenu de la fréquentation croissante du métro et de I'incidence a la
hausse des accidents qui s’y produisent, il devient de plus en plus important de com-
prendre les traumatismes qu’ils occasionnent. Le but de cette étude était de caractériser
les causes de ces accidents, les particularités des blessures infligées et I'issue des trauma-
tismes traités dans un centre de traumatologie de niveau 1 a Toronto, en Ontario.

Méthodes : Nous avons procédé a une étude de cohorte rétrospective pour identifier
les patients amenés aux urgences d’un centre de traumatologie de niveau 1 pour une
blessure impliquant le métro entre le 1¢ janvier 2010 et le 31 décembre 2018. Les
patients ont été identifiés au moyen des codes électroniques X81, Y02, V050, V051 et
W17 de la 10¢ révision de la Classification statistique internationale des maladies et des pro-
blemes de santé conmexes. Nous avons ensuite recherché la description des blessures
impliquant le métro. Les patients dont les blessures n’impliquaient pas un wagon de
métro en mouvement ont été exclus.

Résultats : Nous avons recensé 51 patients qui ont été amenés aux urgences apres
avoir été heurtés par un wagon de métro en mouvement. La majorité des incidents
(39 [76 %]) étaient auto-infligés, 10 (20 %) étaient des blessures involontaires et 2
(4 %) étaient dus a une agression. La présence d’alcool a été détectée chez 8 patients
(80 %) victimes de blessures involontaires et chez 3 (8 %) des victimes de blessures
auto-infligées. Treize patients (25 %) avaient une tension artérielle systolique infé-
rieure 3 90mmHg. Le score médian de gravité des blessures était de 17 (intervalle
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interquartile 9-29). Dix-sept patients (33 %) présentaient des blessures graves (score a
’échelle abrégée des blessures > 3) a une région du corps et 19 (37 %) présentaient des
blessures graves a 2 régions du corps ou plus. La blessure grave la plus souvent isolée
concernait les membres inférieurs et les combinaisons les plus fréquentes de blessures
graves concernaient la téte et les membres inférieurs et la téte et le thorax. Le déces de
10 patients (20 %) a été constaté a leur arrivée aux urgences. Parmi les 41 patients
ayant survécu apres cette consultation initiale, 12 (29 %) ont été amenés directement
au bloc opératoire et 17 (41 %) ont été transférés a 'unité des soins intensifs. Le taux
de mortalité global était de 29 %.

Conclusion : Les patients victimes de blessures impliquant le métro présentent un
taux de mortalité €élevé et des blessures graves. La majorité des incidents sont auto-
infligés ou liés a 'alcool. Il faudra approfondir la recherche pour identifier les per-
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sonnes a risque et appliquer des stratégies de prévention optimales afin de réduire le

nombre d’incidents.

ubway systems have become a staple of rapid transit

systems worldwide. As of 2017, there were subway

systems in 178 cities in 56 countries, including
18 cities in North America, serving 3 billion passengers
annually.! The Toronto Transit Commission (TTC) sub-
way system is Canada’s busiest subway system, with a
ridership of 416 million in 2018, and ridership has been
increasing every year.” Despite yearly improvements to
safety, subway injury in Toronto has become an ever-
increasing problem. Between 2010 and 2016, 148 subway
injury incidents were reported, of which 131 were suicide
attempts.’ A 2018 report noted an average of 23 suicide
incidents per year, with a “statistically significant upward
trend” since 2013.*

Subway-related injuries remain a sparsely studied area
of traumatic injury. Studies characterizing injuries have
shown that victims commonly experience severe poly-
trauma.’® Investigators have also focused on causes of
incidents: studies characterizing subway-related fatalities
in New York City in 1990-2003 and 2003-2007 showed
that suicide attempts accounted for the majority of
incidents.>%?

To our knowledge, the most recent study of death and
injury patterns in the TTC subway system was published
in 1984.1° The authors studied detailed T'T'C records of all
incidents and 119 coroner’s reports of subway fatalities
between 1954 and 1980. They found similar patterns of
head and torso injury as described elsewhere, that incidents
were most common between 1000 and 1700, and that 61%
of those who died had a history of previous psychiatric ill-
ness. They recommended the placement of trained inspec-
tors at stations and greater resources put toward mental
health.

This aim of the present study was to characterize the
potential causes of subway-related trauma and the presen-
tation and outcomes of patients admitted to a level 1 adult
trauma centre in Toronto with subway-related injuries.
The findings will add to a growing body of literature char-
acterizing subway-related injuries, with the goal of improv-
ing management of such patients and possibly recom-
mending prevention strategies.

METHODS
Setting

There are 4 subway lines currently operational in Toronto.
During rush hour, up to 63 trains are on Line 1 simulta-
neously, 40 trains on Line 2, 6 trains on Line 3, and
4 trains on Line 4. During non-rush-hour periods, there
are about 27 trains on Line 1 at any given time.
St. Michael’s Hospital is 1 of 2 level 1 adult trauma centres
in Toronto and is located in the downtown core of the
city. The catchment area of St. Michael’s Hospital covers
the majority of subway stations in Toronto, especially the
downtown stations, which average more than 63 000 trav-
ellers per station per day.>!!

Study design, and inclusion and exclusion criteria

We conducted a retrospective analysis on prospectively
collected data in the St. Michael’s Hospital Trauma Regis-
try. We identified patients who presented to the emer-
gency department after experiencing a subway-related
injury between Jan. 1, 2010, and Dec. 31, 2018, via Interna-
tional Statistical Classification of Diseases and Related Health
Problems, 10th Revision E-codes X81, Y02, V050, V051 and
W17. We then further screened for descriptions of
subway-related injuries. Patients whose injuries did not
involve a moving subway train were excluded. The study
was approved by the St. Michael’s Hospital Research Eth-
ics Board.

Data collection

Data were abstracted and coded into a password-protected
standardized data collection sheet that was stored on inter-
nal servers. No patient identifiers were collected. All
patients were assigned a unique participant identification
number. Data elements abstracted included age, sex, date
and time of admission, past medical and psychiatric history,
history of alcohol or substance use, vital signs (Glasgow
Coma Scale score, systolic blood pressure, respiratory rate)
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on arrival, intent, Injury Severity Score (ISS) (2005 edi-
tion), Abbreviated Injury Scale (ALS) scores by body region,
blood alcohol concentration, emergency department dispo-
sition, postemergency destination, length of stay, days
spent in the intensive care unit, days spent receiving
mechanical ventilation and discharge disposition. We
defined severe injuries as an AIS score of 3 or higher. We
defined alcohol intoxication as a blood alcohol concentra-
tion greater than 80 mg/dL, as per the legal limit for driv-
ing in the Criminal Code of Canada.'?

Statistical analysis

We analyzed all data using SAS software v. 9.4 (SAS Insti-
tute). We calculated medians and interquartile ranges
(IQRs) for continuous variables, and used absolute and rel-
ative frequencies to summarize discrete variables.

RESuULTS

During the 9-year study period, 75 people presented to the
emergency department after being injured in subway sta-
tions. We excluded 24 patients whose injuries were due to
falls onto the subway tracks or down stairs in a station
without associated injuries secondary to a moving subway
train. Our study cohort thus consisted of 51 patients who
had been hit by a moving subway train.

The majority of the patients (35 [69%]) were male. At
the time of presentation to the emergency department,
18 patients (35%) had a Glasgow Coma Scale score of 8 or
less, and 13 (25%) had a systolic blood pressure less than
90 mm Hg (Table 1).

Ten patients (20%) were declared dead in the emer-
gency department. Of the 41 patients who survived their
initial presentation, 12 (29%) went directly to the operat-
ing room, 17 (41%) were transferred to the intensive care
unit, 9 (22%) went to the ward, 1 (2%) was transferred to a
secondary acute care hospital, and 2 (5%) were discharged
home from the emergency department. The median
length of hospital stay was 12 (IQR 0-32) days. The overall
mortality rate was 29%; the survival rate for patients who
survived their initial presentation was 88% (n = 36).

The number of patients per year ranged from 2 (in
2013) to 12 (in 2014); however, a trend toward an increas-
ing yearly number of patients was apparent during the
study period.

Incident characteristics

The majority of incidents (39 [76%]) were due to self-
harm; (10 [20%]) were unintentional injuries, and 2 [4%])
were due to assault. About 1 out of 4 incidents (12 [24%])
were known to have involved alcohol, with a median blood
alcohol concentration of 213.5 mg/dL. IQR 119-260 mg/dL).
Ten patients (20%) were intoxicated, 2 patients (4%) had a
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Table 1. Baseline characteristics of patients who presented to

the emergency department after being hit by a moving
subway train

No. (%) of
patients*
Characteristic n=>51
Age, mean + SD, yr 41 + 27
Male sex 35 (69)
Glasgow Coma Scale score
<8 18 (35)
9-13 2(4)
>13 31(67)
Systolic blood pressure < 90 mm Hg 13 (25)
Injury Severity Score, median (IQR) 17 (9-29)
Injury Severity Score
1-8 12 (24)
9-15 11(22)
16-24 8 (16)
25-47 15 (29)
48-75 5(10)
Abbreviated Injury Scale score > 3
Head 22 (43)
Thorax 17 (33)
Spine 5(10)
Upper extremity 4 (8)
Lower extremity 15 (29)
Length of hospital stay, mean + SD, d 20.8 + 20
Length of intensive care unit stay, mean + SD, d 78+8
Duration of mechanical ventilation, mean + SD, d 8.7+ 10
Postemergency destination (n = 41)
Intensive care unit 17 (41)
Operating room 12 (29)
Ward 9(22)
Transferred to secondary acute care hospital 1(2)
Discharged home 2 (5)
Blood alcohol concentration, mg/dL
>0 12 (24)
>80 10 (20)
Unknown 10 (20)
Intent
Self-inflicted 39 (76)
Accidental 10 (20)
Homicide/assault 2 (4)
Psychiatric history 22 (43)
Depression/depressive episodes 15 (29)
Psychotic disorder 10 (20)
Bipolar disorder 4 (8)
Anxiety disorder 1(2)
History of previous suicide attempt(s) 3 (6)
Psychiatric condition, not otherwise specified 2 (4)
> 1 psychiatric diagnosis 10 (20)
Recorded history of alcohol or substance use 17 (33)
Alcohol use disorder only 7 (14)
Psychoactive substance use only 7 (14)
Both alcohol and substance use 3(6)
Died 15 (29)
In emergency department 10 (20)
After surgery 2 (4)
In intensive care without surgery 3 (6)

IQR = interquartile range; SD = standard deviation.
*Except where noted otherwise.




blood alcohol concentration greater than 0 mg/dL but
were not intoxicated, 29 patients (57%) had a blood alco-
hol concentration of 0 mg/dL, and in 10 cases (20%), the
blood alcohol concentration was unknown. The presence
of alcohol was detected in 8 patients (80%) with uninten-
tional injuries, of whom 7 were intoxicated. Only
3 patients (8%) with self-inflicted injuries had been drink-
ing, of whom 2 were intoxicated.

More than half (22 [56%]) of self-harm injuries were
associated with a previous history of psychiatric disorders,
and 10 (26%) were associated with a history of alcohol or
substance use. The most common diagnoses were a history
of depression (15 patients), psychotic disorder (10) and
bipolar disorder (4); 10 patients had multiple psychiatric
diagnoses (Table 1). None of the 12 patients with uninten-
tional or assault-related injury had a previous history of a
psychiatric disorder, although 8 (67%) had a history of
alcohol or substance use.

Incidents were distributed equally throughout the year,
as divided into quarters (Table 2). Two-thirds of injuries
occurred between noon and 1800 (20 [39%]), or 0600 and
noon (14 [27%]). The majority of unintentional injuries
(7/10 [70%]) happened between 1800 and 0600, and the
majority of self-harm incidents (29/39 [74%]) occurred
between 0600 and 1800. Incidents were more prevalent on
Mondays, Tuesdays and Thursdays; however, there was no
association between intent and day of the week.

Injury patterns and characteristics

The median ISS was 17 (IQR 9-29). Severe injuries were
found in the head (22 [43%]), thorax (17 [33%]), lower
extremities (15 [29%]), spine (5 [10%]), upper extremities
(4 [8%]) and abdomen (1 [2%]). One in 4 patients (12
[24%]) had an AIS score of 3 or higher in the head and
presented to the emergency department with a Glasgow
Coma Scale score of 8 or less, which suggested anatomic
and physiologic signs of severe head injury. Evaluation of
the most common severe injury profiles showed that one-
third of patients (17 [33%]) presented with severe injuries
in 1 body region, 19 (37%) had severe injuries in 2 or more
body regions, and 15 (29%) did not have any severe injur-
ies (Table 3). The most common isolated severe injury was
in the lower extremity, and the most common combina-
tions of severe injuries were in the head and lower extrem-
ity, and head and thorax. The ISS and patterns of injury
did not vary based on intent, blood alcohol concentration
or psychiatric history.

Discussion

In the present study, subway-related injuries were associ-
ated with high morbidity and mortality, which is in keep-
ing with the findings of Rodier and colleagues.® Also con-
sistent with previous studies,*® patients most commonly
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Table 2. Time characteristics

Characteristic No. (%) of cases
Quarter
January-March 15 (29)
April-June 11(22)
July-September 13 (25)
October-December 12 (24)
Day of week
Sunday 6(12)
Monday 13 (26)
Tuesday 9(18)
Wednesday 5(10)
Thursday 11(22)
Friday 3(6)
Saturday 4(8)
Time of day
0600-0959 6(12)
1000-1359 18 (35)
1400-1759 10 (20)
1800-2159 8 (16)
2200-0159 9(18)

Table 3. Patterns of injury

Pattern No. (%) of patients
No severe injuries* 15 (29)
Severe injury to 1 body region only 17 (33)
Lower extremity 7 (14)
Head 6(12)
Thorax 4 (8)
Severe injury to multiple body regions 19 (37)
Head and lower extremity 4(8)
Head and thorax 4(8)
Other pattern 11 (22)
*Defined as Abbreviated Injury Scale score of 3 or higher per body region.

presented with an isolated severe lower extremity injury, or
a combination of severe head and lower extremity, or
severe head and thorax injuries. One in 4 patients had a
severe head injury, as measured by a combination of ana-
tomic and physiologic variables (head AIS score > 3 and
Glasgow Coma Scale score < 8). This mirrors the results of
Johnston and Waddell'® for 1954-1980. Of those who sur-
vived, 71% were transported directly from the emergency
department to the intensive care unit or the operating
room, which further highlights the severity of the injuries.
We found that subway-related injury was about 5 times
more lethal and resulted in 4 times the hospital length of
stay of the average traumatic injury in the United States."
Our overall mortality rate, 29%, was almost twice the
case-fatality rate for severe traumatic injury assessed by
emergency medical services in Toronto between 2006 and
2007 (16.7%),"* which underscores the high mortality rate
among people with subway-related injuries. Our high
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mortality rate is likely to be an underestimate of the over-
all lethality of these injuries, as we did not capture fatal
incidents at the scene in which the person was not trans-
ported to hospital. Despite the high overall mortality rate,
the survival rate was quite high for patients who survived
their initial presentation, at 88%. Primary prevention
efforts at the transit system level are required to have an
impact on the lethality of these injuries. Anticipation of
severe head and extremity injuries among those who sur-
vive transport would facilitate planning of receiving teams
in hospital.

Subway-related injuries were associated with male sex,
self-harm and alcohol use. Our population was similar in
age and sex to those in other studies.”*® We found a male
predominance (69%), although it was less pronounced
than in previous studies (73 %-86%.)>*%15 Interestingly,
this has changed over time: Johnston and Waddell'® found
a female predominance (58%) among people with subway-
related injuries in Toronto in 1954-1980. A 2002 study on
rates of suicide and attempted suicide in Canada between
1979 and 1998 showed stable suicide rates with respect to
sex.!¢ Further research is necessary to elucidate whether
subways became a preferred suicide modality for males at
some point in time.

Three of every 4 cases were due to self-harm, which
supports the findings of previous studies.™® Our study also
reaffirms findings that unintentional injuries are more
commonly associated with alcohol or substance use than a
history of a psychiatric disorder.® Unintentional injuries
were much more commonly associated with alcohol in our
study than in other studies (80% v. 42%-46%°>9). Overall
alcohol involvement in subway-related injuries varied
widely between studies (25%—55%);>%% this may reflect
differing patterns of alcohol and transit use than in other
cities, as well as differences in testing practices in the emer-
gency department.

Subway-related injuries seem to be clustered around
specific times and days. Our day of week and time of day
distributions were similar to those found previously, cor-
responding to high stress and ridership at the beginning of
the work week and work day, respectively.®® It is important
to note that, in Toronto, the subway does not operate
between 0200 and 0600. Our time distributions were also
similar to those found for 1954-1980,'° which suggests that
these patterns have not changed over the previous half-
century in Toronto. We did not find any seasonal distribu-
tion; however, other studies have shown an increased num-
ber of incidents during spring and winter.%® Further
research may elucidate whether this clustering of events is
due to peaks in ridership or illustrates a temporal relation
between self-harm attempts and subway injury.

The prevalence of subways in rapid-transit systems
around the world and the severity of subway-related injury
necessitate a formal understanding of the mechanisms and
causes surrounding subway-related trauma. Until a defini-
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tive paradigm is introduced to curb additional incidents,
turther study of subway-related trauma is warranted to
inform management and cost-effective prevention strat-
egies. Future studies that evaluate the entirety of the sub-
way system and capture fatal and nonfatal events, focusing
on the time, location within the station and speed of the
train, might better characterize the relation between injury
patterns and outcomes of people with subway-related
trauma. In addition, evaluation of suicide attempts that
were thwarted by subway personnel or bystanders must be
included in order to fully understand the scope of the
problem. Characterization of in-hospital complications,
discharge destination, and subsequent incidents or follow-
up would help to further guide the care of these patients.

Various primary prevention strategies have been proven
to be effective, although they all require substantial finan-
cial investment.!” Platform screen doors resulted in a
reduction of 59.9% in the subway suicide rate as they were
being installed in Hong Kong in 2002," and “suicide pits,”
which increase the distance from the platform to the train,
may have contributed to a 21% reduction in mortality in
suicide incidents in London."” A 1987 campaign to reduce
inappropriate reporting of suicide in the media in Vienna
also resulted in a decrease in subway-related suicide.?”
Other measures include the placement of trained personnel
at high-risk stations during high-risk times, installation of
blue lights to reduce suicidal behaviour, and introduction
of media campaigns to reduce the portrayal of subways as
an attractive means of suicide."”

Limitations

Our study relies on the data collected in the St. Michael’s
Hospital Trauma Registry, which did not necessarily
include data on a full toxicology screen, or information
about complications and discharge destination. In addition,
we were unable to corroborate our data with T'T'C reports,
which may have provided additional relevant incident
information, as well as a better understanding of fatalities
at the scene. Last, our study does not fully characterize
subway trauma in Toronto, as we did not collect data from
other trauma centres in Toronto or the coroner’s office.

CONCLUSION

Patients with subway-related injuries who presented to a
level 1 adult trauma centre in Toronto experienced high
mortality rates. They had severe injuries, especially in the
head, thorax and lower extremities. The majority of
patients were male, three-quarters of incidents were self-
harm attempts, and one-quarter were alcohol-related. Fur-
ther research into the association of outcomes and a his-
tory of a psychiatric disorder, early identification of those
at risk, and optimal prevention strategies are necessary to
curb further incidents.
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