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Trauma Patterns of Drowning after Falling from Bridges
over Han River

Jung Hwan Lee’, Chung Kee Chough?, and Jae Il Lee'

"Department of Neurosurgery, Pusan National University Hospital, Busan, Korea
“Department of Neurosurgery, Yeouido St. Mary’s Hospital, The Catholic University College of Medicine, Seoul, Korea

Objective: Recently, the number of patients who fell or jumped from bridges over Han River has rapidly increased. However,
the injury patterns and outcomes of these patients have been poorly characterized. The aim of this study was to determine
the injury characteristics of these patients.

Methods: We reviewed the medical records of all patients who were transferred to the Emergency Room due to jumping or
falling from bridges over Han River between 2011 and 2015.

Results: A total of 203 patients were included. Among them, 14 (6.9%) patients were dead on arrival, 51 (25.1%) patients
were expired in the hospital, and 138 (70%) patients were discharged alive, including a patient who had severe neurologic
sequelae after resuscitation. Skeletal and internal organ injuries were identified based on radiologic images. The most in-
jured organ was thorax (58.1%), followed by spine (23.1%), abdomen (11.1%), extremity (7.7%), and cranium (5.2%). Chest
tubing for pneumothorax or hemothorax was performed in four (2.9%) patients. Surgical intervention was needed for four
patients (2.9%).

Conclusion: Trauma patterns were concentrating on the thorax and spine regions. Therefore, complete radiographic eval-

uation should be performed for these patients.

(Korean J Neurotrauma 2017;13(2):85-89)
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Introduction

In Seoul, the capital of South Korea, the occurrence of
drowning after falling from bridges over Han River has in-
creased. It is well known that falling from high-altitude
bridge, such as the Golden Gate Bridge in San Francisco
(about 67 meters above water), had very high mortality rates
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due to severe traumatic injuries.”*® The altitudes of bridg-
es over Han River were medium-height, from 18 meters to
22 meters, and few reports have analyzed the injury char-
acteristics of these patients. In the present study, we ex-
amined the injury patterns associated with these victims
who jumped or fell from bridges over Han River.

Materials and Methods

Medical records of all drowned patients who were hospi-
talized in our institute between January 2011 and Decem-
ber 2015 were analyzed. We also collected the list of patients
who had a history of falling from bridges over Han River.

Simple X-ray and computed tomography (CT) scans were
performed. Chest and abdomen CT scans used contrast me-
dia, while brain and spine CT scans did not use any contrast
media. Not all patients had a complete radiographic exami-
nation due to hemodynamically unstable state or refusal by
the patient or guardians.
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Injury Severity Score (ISS) was calculated for patients who
had no cardiopulmonary resuscitation (CPR) or recovered
spontaneous circulation after CPR. ISS was derived from
the 2008 Abbreviated Injury Scale.”

Results

A total of 203 patients were transferred to our institute due
to falling from bridges over Han River. The demographics
of these patients are summarized in Table 1. The names of
bridges and their characteristics are summarized in Table
2. Fourteen patients were already dead on arrival (DOA).
Therefore, there was no evaluation for these patients. Im-
mediate CPR was performed for 51 patients. Among these
patients, only nine were recovered spontaneous circulation.
Among patients for whom CPR was unnecessary, only one
expired during treatment. A flowchart depicting the overall

TABLE 1. Patient demographics

Alive, n (%) Dead, n (%) Total, n (%)
(n=138) (n=65) (n=203)
Sex
Male 94 (46.3%) 51 (25.1%) 145 (71.4%)
Female 44 (21.7%) 14 (6.9%) 58 (28.6%)
Age (years)
10—-20 37 (182%) 10 (4.9%) 47 (23.2%)
21-30 53 (26.1%) 13 (6.4%) 66 (32.5%)
31-40 18 (8.9%) 12 (5.9%) 30 (14.8%)
41-50 24 (11.8%) 10 (4.9%) 34 (16.7%)
51-60 4(2.0%) 12 (5.9%) 16 (7.9%)
61-70 1(0.5%) 3(1.5%) 4 (2.0%)
71-80 1(0.5%) 5(2.5%) 6 (3.0%)
Psychiatric history
None 84 (41.4%) 5(2.5%) 89 (43.8%)
Depression 32 (15.8%) 1(0.5%) 33 (16.3%)
Schizophrenia 14 (6.9%) 3(1.5%) 17 (8.4%)
Bipolar disorder 4 (2.0%) 0 (0.0%) 4(2.0%)
Drug addiction 2(1.0%) 0 (0.0%) 2 (1.0%)
Insomnia 1(0.5%) 0 (0.0%) 1(0.5%)
Unknown 0 (0.0%) 57 (28.1%) 57 (28.1%)

outcomes of these patients is shown in Figure 1.

Radiographic findings

Except DOA patients and four patients who refused any
evaluation, 185 patients underwent radiographic examina-
tions. Of these, 141 patients underwent CT scans over one
part. Traumatic lesions were identified in 96 (51.9%) patients.
Radiographic data are summarized in Table 3.

Rib fracture was identified in four chest X-rays (CXRs).
Seven CXRs revealed lung contusion. Five CXRs revealed
pneumothorax. Fractures were identified in nine spine X-
rays (one in the cervical spine, three in the thoracic spine,
and four in the lumbar spine). Two extremity X-rays revealed
one fracture on the metacarpal and one on the fibular bone.

Six brain CT scans showed traumatic lesion. All findings
were diffuse brain swelling. There was no focal injury, such
as fracture or hematoma. In chest CT, rib fracture was iden-
tified in six CT scans while lung contusion was identified
in 38 CT scans. A total of 19 CT scans revealed pneumo-
thorax. Three CT scans revealed pneumohemothorax. In
spine CT, unstable fractures were identified in four patients
(one on the cervical spine, one on the thoracic spine and two

Fall down from bridges
n=203

DOA Alive on ER
n=14 n=189

Need CPR Not need CPR

n=51 n=138
Deceased ROSC Survived Deceased
n=42 n=9 n=137 n=1
Deceased Survived
n=8 n=1

FIGURE 1. Flowchart delineating outcomes of patients who vis-
ited our emergency room (ER) after falling from bridges over Han
River. DOA: death on arrival, CPR: cardiopulmonary resuscita-
tion, ROSC: recovery of spontaneous circulation.

TABLE 2. The name of bridges over Han River included in this study

Bridge Maximum clearance Impact velocity n (%) (n=203) Death, n (%) (n=65)
Mapo 21 m 73km/h 157 (77.3%) 55 (35.0%)
Seogang 22m 75 km/h 17 (8.4%) 2(11.8%)
Wonhyo 20m 71 km/h 13 (6.4%) 3(23.1%)
Yanghwa 22m 75 km/h 10 (4.9%) 5 (50.0%)
Seongsan 21m 73 km/h 3(1.5%) 0 (0.0%)
Hangang 18m 68 km/h 2 (1.0%) 0 (0.0%)
Jamsil 20m 71 km/h 1(0.5%) 0 (0.0%)
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on the lumbar spine). The others were stable (three in the
cervical spine, ten in the thoracic spine, and four in the lum-
bar spine). All spine injuries were listed in Table 4. In the ab-
domen, liver injuries were found in five CT scans, spleen
injuries were found in two, and adrenal gland injury was
found in one. One abdomen CT scan revealed large hemato-
ma needing exploration.

TABLE 3. Occurrence rate of traumatic lesions on each radio-
graphic images

Jung Hwan Lee, et al.

ISSs

The ISSs could be calculated for 147 patients. The mean
ISS was 7.12+7.16. The minimum score was 3 points (no
injury). The highest score was 45 points. 12 patients were
classed as major trauma with ISS over 15, including 8 pa-
tients who were dead. The mortality rate of patients with
major trauma was 66.7%. Among patients for whom CPR
was unnecessary, only three were classed as major trau-
ma. They had relatively good outcome.

Total Normal l;;gz??]h(;) Clinical outcome

Chest Xray 150 141 11 (7.24%) The overall mortality rate was 32% (65/203) due to drown-
Spine X-ray 125 16 9 (7.2%) ings after falling from bridges over Han River. Nine patients
Extremities X-ray 2% 24 2(7.7%) who needed CPR were recovered to spontaneous circula-
Brain CT 115 109 6 (5.2%) tion. Therefore, the recovery rate of CPR was 17.6%. Among
Chest CT 93 39 54 (58.1%) these nine patients, only one survived who was at vegetative
Spine CT 91 70 21 (23.1%) state at discharge. The survival rate was 1.96% after CPR.

Abdomen CT 81 72 9(11.1%) Among 138 patients for whom CPR was unnecessary,

CT. computed tomography

eight patients (5.8%) needed interventions (chest tubing in

TABLE 4. Spine injuries. The AO classification®” and suspected injury mechanism of fracture were analyzed

8,9)

Case no. Level Fracture site AO classification Stability of fracture Mechanism of injury

1 Cé6-7 Facet joint C Unstable Translation
2 T4 Body Al Stable Hyperflexion
3 T2 Body A3 Unstable Hyperflexion
4 L1, L2 Body Al Stable Hyperflexion
5 L3 P A0 Stable Direct contusion
6 C5 Body Al Stable Hyperflexion
7 L1 Body A3 Unstable Hyperflexion
8 T12 TP A0 Stable Direct contusion
9 T4, 76 Body Al Stable Hyperflexion

10 L1 Body A4 Unstable Hyperflexion

11 17 Body Al Stable Hyperflexion

12 17,78 Body Al Stable Hyperflexion

13 T2 Body Al Stable Hyperflexion

14 Cc7 Body Al Stable Hyperflexion

15 T12 Body Al Stable Hyperflexion

16 Cc7 Body Al Stable Hyperflexion

17 L1 TP A0 Stable Direct contusion

18 T Body Al Stable Hyperflexion

19 T8 Body Al Stable Hyperflexion

20 T12 Body Al Stable Hyperflexion

21 L3 TP A0 Stable Direct contusion

TP: tfransverse process

TABLE 5. Summary of studies reporting falling from medium height bridges

Study Period (years) Cases Height (m) Mortality rate (%) Injury rate (%)
This study 5(2011-2015) 203 18—22 32.0 51.9
Heming et al? 9 (2002—2010) 37 16—22 81.0 64.2
Brice et al.” 10 63 12-21 28.5 19.0
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four patients, spinal instrumentations in two patients, in-
traabdominal hematoma removal and bleeding control in
one patient, and internal fixation for metacarpal fracture
in one patient). Most patients had good outcomes. However,
one patient was at vegetative state at discharge. This vege-
tative patient had brain CT finding of diffuse brain swelling
due to hypoxia. One patient died from fat embolism after a
surgery to stabilize the fractured spine.

Discussion

Several articles have reported the jumping or falling into
the water from bridges. Trauma patterns of jumping from
higher bridges include rib fracture with penetration, lung
injury, and liver and spleen injury attributed to the im-
pact.*” It has been reported that skeletal trauma among sui-
cidal bridge jumpers is focused in the thorax and craniofa-
cial regions, but less frequent in vertebrae and extremities.”
However, in our study, bridges over Han River have medi-
um heights. The mean height of these bridges was 20.5+
1.4 meters. Few articles have reported injuries due to fall-
ing from medium height bridges. Heming et al.” have stat-
ed that there is no study about injuries associated with fall-
ing from a bridge whose height does not exceed 22 meters.
Clinical articles reporting injuries associated with falling
from medium height bridges are summarized in Table 5.

The mortality and injury rate of our study were different
from those of previous studies. In the study of Heming et
al.” the mortality rate was higher than other series. The rea-
son may be due to patient population. Heming et al.” only
included patients with cardiac arrest due to drowning. There-
fore, the mortality in their study was very high. Their inju-
ry rate was similar to that in our study. On the other hands,
in Brice et al.’s study”, the injury rate was low than other
series. In their study, the mean height of bridges was low.
They did not mention spinal and intraabdominal traumas.
These might be associated with a low injury rate.

Our patients had injuries to their chest the most frequent-
ly. However, severe traumas on the chest were rare. The
incidences of liver or spleen injuries were relatively less
frequent, whereas spine traumas were more frequent than
intraabdominal organ injury. However, unstable fractures
needing stabilization surgery were rare. On the other hands,
traumatic lesions at brain CT scans accounted for a small
part of total injuries. However, the degrees of severity were
very high. Only two patients with diffuse brain swelling
were alive, and they were vegetative state at discharge. The
rate of severe multiple traumas with ISSs over 15 was 8.2%
(121147).
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The reason for the high incidence of thoracic and spinal
trauma is unclear. The depth of Han River is deep. There-
fore, there is no direct trauma to bottom of the river. Most
of impact is caused by hitting the surface of water. Thus,
the greatest impact would be transmitted to the human
trunk, which occupies a large area and a heavy weight. It is
thought that this causes high incidence of trauma on the
thorax and the spine.

In our series, the cause of death could not be analyzed.
The reason might be that autopsy was not performed rou-
tinely in South Korea. In addition, jumping or falling from
the bridge occurred intentionally rather than accidental-
ly."” In general, many guardians and close relatives hope to
downscale the aftermath of the accident and did not want
the autopsy. The major cause of death among patients who
were drowned after jumping or falling from the bridge
had been known as asphyxia. Therefore, the proportion of
severe trauma was low.” In the same manner, we believed
that asphyxia during drowning is the main cause of deaths,
because general severities of injuries are low in our study.

This study had several limitations. First, it was a retrospec-
tive study. There was no routine protocol to evaluate these
patients. Therefore, radiographic examinations were not
uniform. Second, we might not have identified all jumpers
or falling from bridges over Han River. Especially, some
patients who looked appeared be less injured might have
been transferred to the nearest secondary hospital from
the drowning site.

Conclusion

People who jumped or fell from bridges over Han River
had high mortality rate. Among survivors, skeletal traumas
were frequently encountered. Trauma patterns were con-
centrating on the thorax and spine regions. Therefore, com-
plete radiographic evaluations including thorax and spine
region should be performed for these patients.

m The authors have no financial conflicts of interest.
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