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The bow and arrow is one of the oldest weapons invented, and it has ties back to ancient civiliza-
tion. It has been estimated that the arrow has killed more individuals than any other weapon in 
history [1]. The arrow was a deadly weapon in its most basic form; however, ancient civilizations 
developed multiple additions to enhance its effectiveness [2]. In fact, advances in developing tools 
and approaches for the extraction of arrows served as a major stimulus for modern surgery [3]. 

It is known that Celsus (Aulus Cornelius Celsus, 25 BC–50 AD) wrote a chapter on arrow wounds 
and the treatment of these wounds with surgical techniques in his De Medicina (published around 
47 AD). He understood the importance of pushing an arrow through emergence as opposed to 
pulling with traction. He innovated a surgical instrument called the spoon of Diocles [4]. He 
wrote: 

If the missile is not deeply seated, and lies in superficial tissue, or if it is certain that it has not 
crossed the line of large blood vessels or sinews, there is nothing better than to pull it out by the 
way it entered. But if the distance it has to be withdrawn is greater than that which remains to be 
forced through, or if it has crossed the line of blood vessels and sinews, it is more convenient to 
lay open the rest of its course and so draw it out. For it will be more easily got at and more safely 
pulled out [4]. 

In ancient China, tactics for the emergency management of penetrating arrow injuries were de-
scribed. Zuo Qiuming (556– 452 BC) wrote The Zuo Tradition (Zou Zhuan, published in the late 
4th century BC), which is an ancient Chinese narrative history covering the period from 722 to 468 
BC and focusing mainly on political, diplomatic, and military affairs from that era [5]. In this book, 
a warrior reflects upon the battle he won despite a penetrating arrow wound of the hand and arm: 

At the beginning of the battle, the arrow that the enemy shot pierced through my hand and el-
bow. I broke the shaft of the arrow and drove my chariot pulled by horses. The left wheel of my 
chariot was stained red with blood. Although I was injured seriously, I endured it and continued 
the battle [5]. 
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In the Joseon dynasty of Korea, Yu Mong-in (1559–1623) 
wrote a book titled Eou’s Unofficial Histories (Eou yadam) in 1622 
[6]. In this book, he introduced a case of tactical management of 
a penetrating arrow wound in a Chinese soldier who fought 
against Japanese troops in the Japanese invasion of Korea in 
1592. The soldier pointed at his scar of the face and said:  

At the battle of Pyongyang castle, an arrow penetrated my 
face. I tried to pull it out; however, the blood spurted out 
from the wound. Thereafter, I broke the shaft and left the re-
maining half on my face, continued fighting, and killed two 
Japanese soldiers (Fig. 1). On returning to my camp, I pulled 
out the arrowhead and filled the wound with medicine. I sur-
vived [6]! 

Nowadays, archery is enjoyed in sports, as in the Olympic 
Games. Surgeons rarely meet patients with penetrating arrow 
injuries. However, similar approaches to the extraction of ar-
rows are still used in the field treatment of many penetrating 

injuries. In a stab wound, the knife should not be removed, rolls 
of gauze are placed around the handle, and it is fixed with ban-
dages. Emergency medical technicians must carry a cutting de-
vice to cut penetrating materials. In a penetrating wound with a 
sharp spear-like object fixed to the ground, it should be cut at 
the base to mobilize the victim. The remaining shaft is fixed 
with gauze and bandage to prevent further insertion or move-
ment. 

At a trauma center, the remaining part is removed, as Celsus 
described: 

Whatever the missile may be, it is extracted, either by the 
wound of entry, or through the spot towards which it is point-
ing. In the former case, the missile has already made a way for 
its withdrawal; in the latter the way out is made with the scal-
pel; for the flesh is cut through upon its point [4]. 
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Purpose: The recent increase in electric scooter (e-scooter) use has been accompanied by an increase 
in injuries from e-scooter–related accidents. Studies have reported that most such injuries are minor, 
and physicians may therefore underestimate the severity of such injuries. This study investigated the 
types and severity of injuries caused by isolated e-scooter accidents (i.e., those that did not involve 
colliding with other cars or falling from heights). 
Methods: This prospective observational study was conducted from May to December 2021 at Dan-
kook University Hospital tertiary medical center. The demographic data of patients injured in isolat-
ed e-scooter–related accidents were collected. All injuries were categorized by body part. 
Results: Fifty eligible patients visited our emergency department during the study period. Of these, 
76% were categorized as nonemergency, and 62% were discharged after initial evaluation and treat-
ment at the emergency department. Another 10% were admitted to the intensive care unit (ICU) 
and 18% to the ward, with nine patients receiving at least one operation. The average hospital stays 
were 2.4 days in the ICU and 9 days in the ward. One death occurred due to traumatic brain injury 
(overall mortality rate, 2%). Multiple fractures of the left third through ninth ribs combined with 
lung laceration and fractures of T12 and L4 were noted. 
Conclusions: Various types and severities of injuries can occur in isolated e-scooter accidents. 
While most such injuries are minor, some will require ICU admission or surgery, and deaths can 
occur. Physicians should not underestimate the severity of such injuries. 

Keywords: Accidents; Trauma centers; Wounds and injuries; Traffic accidents  
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INTRODUCTION 

There are various types of electric-powered personal transport 
devices, including unicycles, bicycles, hoverboards, scooters, and 
Segways. Interest in personal transport devices has been rising 
recently, in part due to limitations on social activities and other 
personal behavior changes related to the coronavirus disease 

2019 pandemic. In Korea, for example, the use of electric scoot-
ers (e-scooters) has been increasing (Fig. 1). This growth has 
been driven by several factors, including personal enjoyment, the 
environmental friendliness of such low carbon-emitting vehicles, 
and the public availability of e-scooter service mobile applica-
tions. With this growth has come an increase in injuries related to 
personal mobility-related accidents [1–6]. In a multicenter study 
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conducted in Korea, the frequency of e-scooter injuries in-
creased from 3.1 injuries per 100,000 population in 2014 to 
100.3 per 100,000 population in 2018 [2]. According to another 
study, the number of e-scooter injury patients more than tri-
pled in 2017 compared to 2016 [7]. Since 2018, most papers 
published worldwide that have reported on e-scooter injuries 
have dealt with personal mobility-related accidents more gener-
ally [8]. Articles looking specifically at isolated e-scooter inju-
ries have been scarce, and research specific to Korea is appar-
ently nonexistent. Generally, physicians approach and evaluate 
patients injured riding e-scooters with an eye to major trauma 
if they have had high energy accidents, such as colliding with 
another vehicle or falling from a significant height. It is possi-
ble, however, that physicians may be underestimating the sever-
ity of some e-scooter–related injuries, in part because studies 
show that most injuries from e-scooter–related accidents are 
minor [8–11], but also because e-scooters are generally used for 
leisure activities, short distances, and at relatively low velocities 
(20–40 km/hr), This study, therefore, investigated the types and 
severity of injuries caused by isolated e-scooter accidents, 
which are often considered minor. 

METHODS 

Study design 
This is a retrospective observational study on prospective data 
collected from May to December 2021. It was conducted at the 
regional emergency center and level I trauma center affiliated 
with Dankook University Hospital, which is an academic tertiary 

medical center. Approximately 40,000 to 45,000 patients visit our 
emergency department (ED) each year. During the study period, 
we collected the data on patients injured in isolated e-scooter–re-
lated accidents. Patients who had fallen from their scooter, collid-
ed with walking or standing people, or collided with a stationary 
building, pillar, or column were included. Those who had collid-
ed with other vehicles or fallen from a significant height while 
riding their e-scooter were excluded, as were those who had been 
riding manual scooters. Data recorded included age, sex, accident 
location, injury mechanism, protective devices, operations need-
ed, and hospital stay length. As drivers in Korea often use 
e-scooters to travel to their offices or other places of work, their 
occupations were also recorded. After initial evaluation and 
treatment, the patients’ injuries were categorized by body part. 
Head, face, and tooth injuries were categorized as “head and 
neck.” Chest, abdomen, pelvis, and clavicle injuries were catego-
rized as “chest and abdomen.” Other injuries were categorized as 
“upper extremity,” “lower extremity,” or “spine.” Institutional Re-
view Board approval and informed consent were not required as 
no other personally identifying information besides age and sex 
was gathered.

Statistics 
Categorical data were expressed as number (%), whereas numer-
ical data were represented as mean ± standard deviation. IBM 
SPSS ver. 26.0 (IBM Corp., Armonk, NY, USA) was used for the 
statistical analysis. Frequencies were compared using the Fisher 
exact test. A P-value below 0.05 was considered to indicate statis-
tical significance. 

RESULTS 

During the study period, 50 patients injured by isolated e-scooter 
accidents visited our ED, 40 (80%) of whom were male. The 
mean age of these patients was 26.6 years (range, 10–82 years) 
(Table 1). Of the 50 patients, 45 (90%) had fallen off their 
e-scooter due to a simple loss of balance, while the others were 
injured due to collisions. Most of the accidents (43 cases, 86%) 
took place in the street. Three accidents (6%) occurred while two 
riders were on board. In eight cases (16%), the e-scooter velocity 
at the time of the accident was below 10 km/hr, while in 20 cases 
(40%) it was 11 to 20 km/hr, and in seven cases (14%) above 20 
km/hr. Fourteen patients (28%) had high blood alcohol levels at 
the time of their accident, and five (10%) had licenses. Ten (20%) 
wore helmets and one of them also wore goggles. None of the pa-
tients wore other protective devices such as gloves or extremity 

Fig. 1. A picture of an electric scooter.
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the ward. The overall mortality rate was 2% (one patient from a 
traumatic brain injury). 

The most common injury categories were head and neck (35 
patients, 70%), upper extremities (12 patients, 24%), and lower 
extremities (10 patients, 20%). Chest and spine injuries were 
noted in one patient each. Of the head and neck injuries, facial 

Table 1. The demographics of the patients injured by isolated electric 
scooter (n=50)

Variable Value
Age (yr) 26.6±12.8 (10 –82)
 10–18 11 (22)
 ≥19 39 (78)
Male sex 40 (80)
Mechanism of injury
 Fall off from the scooter 45 (90)
 Collision with other person 2 (4)
 Collision with the wall 3 (6)
Location
 Street 43 (86)
 Parking lot 5 (10)
 Park/school 2 (4)
No. of riders
 One person 47 (94)
 Two persons 3 (6)
The velocity of the electric scooter (km/hr)
 <10 8 (16)
 11–20 20 (40)
 21–30 6 (12)
 31–40 1 (2)
 Unknown 15 (30)
Occupation
 Student 31 (62)
 Office worker 10 (20)
 Designated driver 1 (2)
 Unemployed 8 (16)
 Alcohol consumption 14 (28)
 License for electric scooter 5 (10)
Protective device
 Helmet 10 (20)
 Goggle 1 (2)
 Glove 0
 Extremity guard 0
Values are presented as mean±standard deviation (range) or number 
(%).

guards. Two patients (4%) were designated as Korean Triage and 
Acuity Scale (KTAS) level I or II, 10 (20%) as level III, 30 (60%) 
as level IV, and eight (16%) as level V. Overall, 38 patients (76%) 
were categorized as nonemergency (KTAS levels IV, V) (Table 2). 
One patient was in a coma; the others were alert. Thirty-one pa-
tients (62%) were discharged after initial evaluation and treat-
ment at the ED, five (10%) were admitted to the intensive care 
unit (ICU), and nine (18%) to the ward. Nine patients were oper-
ated on (one emergency operation and eight elective operations). 
The average hospital stay was 2.4 days in the ICU and 9 days in 

Table 2. The initial clinical demographics and the outcomes of the pa-
tients (n=50)

Variable Value
Korean Triage and Acuity Scale (level)
 I 1 (2)
 II 1 (2)
 III 10 (20)
 IV 30 (60)
 V 8 (16)
Systolic blood pressure (mmHg) 134.5±23.6
Diastolic blood pressure (mmHg) 82.5±16.0
Heart rate (beats/min) 90.8±15.8
Respiration rate (breaths/min) 18.0±2.8
Body temperature (°C) 36.6±0.3
Mental status
 Alert 49 (98)
 Coma 1 (2)
Trauma team activation 1 (2)
Injured body part
 Head and neck 35 (70)
 Chest and abdomen 1 (2)
 Upper extremity 12 (24)
 Lower extremity 10 (20)
 Spine 1 (2)
Disposition at emergency department
 Discharge 31 (62)
 Admission without emergency operation 13 (26)
 Intensive care unit 5 (10)
 Ward 8 (16)
 Admission with emergency operationa) 1 (2)
  Intensive care unit 0
  Ward 1 (2)
Discharge against medical advice 2 (4)
Transfer to other hospital 3 (6)
Length of stay (day)b) 31 (62)
 Intensive care unit 2.4±0.5
 Ward 9.0±6.8
Overall mortality 1 (2)
Values are presented as number (%) or mean±standard deviation.
a)The open reduction and internal fixation with neurorrhaphy was 
performed for the facial nerve injury and maxilla fracture.b)Length 
of stay was calculated based on the patients admitted to the intensive 
care unit and to the ward, respectively.
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laceration was the most common with 18 cases, and tooth inju-
ry second with 11 cases (Table 3, Fig. 2). Skull fracture, pneu-
mocephalus, and intracranial hemorrhage (3 cases, 6%) were 
noted. Multiple fractures of the left third through ninth ribs 
combined with lung laceration were noted in one patient (Fig. 
3). Elbow abrasion or contusion was the most common upper 
extremity injury. Ligament injuries and fractures were observed 
in four cases (8%). Abrasion or contusion of the knee was the 
most common lower extremity injury. Fractures of the femur, 
toe, and tibia/fibula were also noted in one patient each. Toe-

nail removal and rupture of the Achilles tendon also occurred 
in one patient each. A fracture of T12 and L4 vertebrae was 
noted. 

No patient received a neurosurgical intervention. Plastic sur-
gery for facial bone fractures was performed in five patients. 
Two upper extremity and two lower extremity operations 
(Achilles tendon rupture, femur fracture) were performed. No 
statistically significant correlations were found between the lo-
cation of injuries in terms of body part and helmet use, alcohol 
consumption, or e-scooter license status (Table 4). Likewise, 
skull fracture, pneumocephalus, intracranial hemorrhage, facial 
fracture, tooth injury, and plastic surgery incidence did not 
show statistically significant relationships based on helmet use 
(Table 5). 

DISCUSSION 

In isolated e-scooter accidents, the severity of riders’ injuries may 
be disproportionately overlooked because many reports suggest 
that these injuries are minor and occur at a relatively low speed of 
travel [8]. This study, therefore, was conducted to obtain more 
definitive information about injuries caused by isolated e-scooter 
accidents. 

In our study, the youngest patient was 10 years old, but most of 
the children who presented to our ED were excluded because the 
study was limited to e-scooters. Children mainly ride manual 
scooters, whereas teenagers and adults mostly use e-scooters. 
Most of the patients (90%) lost their balance and fell off their 
scooters. The other 10% were two cases of colliding with another 
person and three cases of colliding with a wall. Ten patients 
(20%) wore helmets, with only one of them also wearing goggles, 
and none of them used limb protection or any other protective 
devices. The rate of helmet use was only 20%, despite the fact that 
in Korea, protective devices and licenses have been mandatory 
when riding an e-scooter since May 2021, and this study took 
place after that. The rate of helmet use seemed to have increased 
slightly compared to the 3% reported in previous domestic stud-
ies [2,7], but it was still low. Legal regulations need to be strength-
ened. 

When they arrived at the ED, 76% of patients were designated 
nonemergency (KTAS levels IV, V), and 98% were alert. After 
ED treatment, 62% were discharged on the same day. In other 
words, most patients with isolated e-scooter accidents had minor 
injuries. The other 28% of patients were hospitalized, however, 
and 10% were treated in the ICU. Surgery was performed in 18% 
of cases (five plastic surgery, four orthopedic surgery), and the 

Table 3. Detailed diagnoses according to the injured body parts

Injured body part No. (%)
Head and neck 35 (70)
 Scalp abrasion 10 (20)
 Scalp laceration 1 (2)
 Skull fracture 5 (10)
 Pneumocephalus 4 (8)
 Any intracranial hemorrhage 3 (6)
  Subdural hematoma 2 (4)
  Subarachnoid hemorrhage 2 (4)
  Hemorrhagic contusion 2 (4)
  Intraventricular hemorrhage 1 (2)
 Facial laceration 18 (36)
 Facial nerve injury 1 (2)
 Facial bone fracture 8 (16)
  Maxilla fracture 2 (4)
  Nasal bone fracture 2 (4)
  Mandible fracture 2 (4)
  Orbital wall fracture 1 (2)
  Zygomatic arch fracture 1 (2)
 Tooth fracture 11 (22)
Chest and abdomena) 1 (2)
Upper extremity 12 (24)
 Elbow contusion or abrasion 7 (14)
 Wrist contusion or abrasion 1 (2)
 Acromioclavicular ligament injury 1 (2)
 Olecrenon fracture 1 (2)
 Radioulnar fracture 2 (4)
Lower extremity 10 (20)
 Knee contusion or abrasion 5 (10)
 Achilles tendon rupture 1 (2)
 Femur fracture 1 (2)
 Tibiofibular fracture 1 (2)
 Toe fracture 1 (2)
 Toenail removal 1 (2)
Spine (T12 and L4 compression fracture)  1 (2)

a)Multiple rib fractures (left third through ninth) and lung laceration.
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overall mortality rate was 2% (one patient). Head and neck inju-
ries were the most common, followed by upper extremity inju-
ries. This is consistent with other studies [7,8,12] 

In the 70% of patients with head and neck injuries, there were 
mostly minor injuries such as facial lacerations, tooth injuries, 
and scalp abrasions, with some intracranial bleeding (three cas-
es). No patients received neurosurgical intervention. Two cases 
were managed conservatively, and one case had severe cerebral 
edema with a low chance of being resuscitated or regaining con-
sciousness, making surgery impossible (Fig. 4). This 27-year-old 
male patient, who had not been wearing the helmet, died 3 days 

5 Knee contusion/abrasion (10%)
1 Achilles tendon rupture (2%)
1 Toe fracture (2%)
1 Femur fracture (2%)
1 Toe nail removal (2%)

12th Thoracic and 4th lumber vertebra fracture

1 Scalp laceration (2%)
4 Pneumocephalus (8%)
5 Skull fracture (10%)
2 Subdural hematoma (4%)
2 Subarachnoid hemorrhage (4%)
1 Intraventricular hemorrhage (2%)
2 Hemorrhagic contusion (4%)

18 Facial laceration (36%)
1 Facial nerve inhury (2%)
8 Facial bone fracture (16%)

11 Tooth fracture (22%)

7 Elboe contusion/abrasion (14%)
1 Wrist contusion/abrasion (2%)
1 Acromioclavicular ligament injury (2%)
1 Olrcrenon fracture (2%)
2 Radioulnar fracture (4%)

Multiple rib fractures with lung laceration

█ Head and neck	 	 █ Chest and abdomen	 	 █ Upper extremity

█ Lower extremity	 	 █ Spine

1 (2%)

10 (20%)

12 (24%)

1 (2%)

35 (70%)

Fig. 2. Detailed diagnoses by injured body parts.

Table 4. The comparisons of incidence according to helmet use, alcohol consumption, and license holder

Variable
Injured body part

Head and neck (n=35) Chest and abdomen (n=1) Upper extremity (n=12) Lower extremity (n=10)
Helmet
 Yes 6 (60.0) 0 2 (20.0) 2 (20.0)
 No 29 (72.5) 1 (2.5) 10 (25.0) 8 (20.0)
 P-value 0.462 >0.999 >0.999 >0.999
Alcohol
 Yes 12 (85.7) 1 (7.1) 3 (21.4) 3 (21.4)
 No 23 (63.9) 0 9 (25.0) 7 (19.4)
 P-value 0.179 0.280 >0.999 >0.999
License
 Yes 3 (60.0) 1 (20) 3 (60.0) 0
 No 32 (71.1) 0 9 (75.0) 10 (22.2)
 P-value 0.629 0.100 0.082 0.569

Table 5. The comparisons of incidence between helmet use and head 
and facial injuries (n=35)

Head and facial injury
Helmet use

P-value
Yes (n=6) No (n=29)

Skull fracture 0 5 (12.5) 0.569
Pneumocephalus 0 4 (10.0) 0.571
Intracranial hemorrhage 1 (10.0) 2 (5.0) 0.496
Facial fracture 1 (10.0) 7 (17.5) 0.491
Tooth fracture 1 (10.0) 10 (25.0) 0.424
Plastic surgery 0 5 (12.5) 0.569
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later. His accident was captured by a nearby closed-circuit televi-
sion camera, which showed him hitting his head on the ground 
while falling alone on the road. so it was confirmed that the acci-
dent met the study criteria for classification as “isolated.” When 
brought to the ED, this patient was in a coma and had nasal frac-
tures. Deaths have rarely been reported in other scooter-related 
reports. One domestic personal mobility study mentioned death 
but gave no details of a specific injury mechanism or site [2]. In 
this study, one additional case had a facial fracture with a facial 
nerve injury; this patient was treated with an emergency opera-
tion (open reduction and internal fixation with neurorrhaphy). 

Helmet use made no statistically significant difference in the 
incidence of skull fracture, pneumocephalus, intracranial bleed-
ing, facial fracture, tooth injury, or plastic surgery. However, cau-
tion is needed in interpreting this finding. First, it is possible that 

victims wearing helmets were less likely to visit the hospital be-
cause their injuries tended to be more minor. Second, the finding 
of no statistically significant difference may have only been be-
cause of the small sample size. In our study, skull fracture, pneu-
mocephalus, and plastic surgery did not occur at all in the hel-
met-wearing group. Moreover, there are many reports that using 
helmets reduces the risk of damage [2,13–15], so it cannot be 
concluded that wearing helmets is meaningless because this 
study did not show statistical significance. 

Multiple fractures of the left third through ninth ribs com-
bined with lung laceration and zygomatic arch fracture were ob-
served in one case. This 39-year-old female patient who fell alone 
was discharged after 14 days of hospitalization without surgery. 
Her injuries were likely specific to her isolated e-scooter injury, as 
she was a relatively young patient without any underlying diseas-

Fig. 4. Images of the brain computed tomography of the comatose patient. (A, B) Severe brain edema and subarachnoid hemorrhage (black ar-
rows), and scalp swelling (arrowhead) were observed. (C) Multiple skull fractures (white arrows) were also noted.

AA BB CC

Fig. 3. Images of the chest computed tomography of the patient with multiple rib fractures. (A, B) Multiple rib fractures (white arrows) and lung 
laceration (black arrow) were seen.

AA BB
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es such as osteoporosis. Despite their rarity, attention needs to be 
paid to complications such as cerebral air embolism caused by 
lung laceration or pneumothorax [16,17]. 

The most common extremity injury was simple abrasion or 
contusion, but fractures and Achilles tendon ruptures that re-
quired surgery also occurred. There were six cases of extremity 
fractures in our study, and three (50%) were operated on. This 
was consistent with an article by Coelho et al. [18] reporting the 
need for surgery in more than 50% of extremity fractures in 
e-scooter accidents. 

This study has few limitations. First, it was a single-institution 
study, so it cannot be assumed to apply nationally. A multi-
center study is needed to further investigate detailed diagnoses 
and treatments. Furthermore, the sample size was small, so the 
frequency of severe injuries and mortality could be overesti-
mated. 

As e-scooter use increases, so do accompanying accidents. Var-
ious types of injury can occur even in isolated e-scooter acci-
dents. Most of these injuries are minor enough to allow patients 
to be discharged on the same day; however, some patients need 
admission to ICU or surgery, and deaths may occur. Physicians, 
therefore, should not underestimate the severity of injuries from 
such accidents. 
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INTRODUCTION 

Obesity is a risk factor for ischemic heart disease, cerebrovascular 
disease, diabetes mellitus, hypertension, dyslipidemia, and sever-
al malignant neoplasms [1–6]. The prevalence of overweight and 
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obesity is increasing in both developed and developing countries. 
This can lead to an increase in comorbidities, which in turn im-
poses an increased socioeconomic burden. Thus, obesity has 
been identified as a major public health problem [7]. In South 
Korea, the prevalence of obesity in adults aged age 19 years and 
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above increased by 2.9 percentage points from 31.7% in 2007 to 
34.6% in 2018 [8]. Many studies have analyzed the mechanisms 
underlying obesity, its relationship with medical diseases, and its 
clinical significance. However, there is a relative lack of knowl-
edge regarding the relationship between obesity and injuries. 
Most studies that analyzed the correlation between obesity and 
injuries from traffic accidents focused on car accidents and re-
ported that obesity had negative effects on outcomes [9,10]. 
However, few studies have analyzed the effects of obesity on inju-
ries sustained in pedestrian traffic accidents. Therefore, this study 
aimed to assess the effects of different levels of obesity on injury 
severity at the time of admission to the emergency room among 
patients who experienced pedestrian traffic accidents. 

METHODS 

Ethical statements 
The study was approved by the Institutional Review Board of 
Gachon University Gil Medical Center with a waiver for the need 
for informed consent (No. GAIRB2021-228). 

Data collection 
The study was performed at Gachon University Gil Medical Cen-
ter, a 1,500-bed tertiary general hospital, located in Incheon, Ko-
rea. Gachon University Gil Medical Center has been designated 
as a regional emergency medical and trauma center; approxi-
mately 80,000 patients visit this hospital annually, including 
20,000 trauma patients. Institutions selected to receive support 
for regional trauma center installation are required to input data 
into the Korean Trauma Data Bank (KTDB). Patients registered in 
the KTDB include those who present to the emergency room or 
trauma resuscitation room of participating hospitals, and those 
with S- and T-codes were eligible for the study. Patients who were 
discharged home without being admitted were excluded [11]. 

Patient selection 
Trauma patients registered in the KTDB from July 1, 2018, to 
December 31, 2020 who experienced pedestrian traffic accidents 
and were treated at Gil Medical Center were included in this 
study. Patients under 15 years of age were excluded, as were those 
who died at the time of admission to the emergency room or in 
the emergency room, because those accidents were expected to 
be fatal regardless of the patient’s characteristics, including body 
mass index (BMI), which would have had caused serious bias in 
the study. Patients whose BMI or Injury Severity Score (ISS) was 
unknown were also excluded. 

Definition of variables 
Data were collected from the KTDB on the following parameters: 
sex, age, time of injury, transport via public ambulance, suspicion 
of alcohol consumption, type of collision vehicle, initial vital 
signs and mental status upon emergency department (ED) arriv-
al, blood transfusion, whether an emergent procedure or opera-
tion was performed, Abbreviated Injury Scale (AIS) score for 
each body part, intensive care unit (ICU) stay (day), total hospital 
stay (day), duration of mechanical ventilation, complications 
during hospitalization, and hospitalization results. 

BMI is a universal criterion used to diagnose obesity [12]. Ac-
cording to the World Health Organization Asian-Pacific Region 
guidelines and the definitions used by the Korean Society for the 
Study of Obesity, BMI values greater than 23 kg/m2 and 25 kg/m2 
are defined as overweight and obesity, respectively, in Asian pop-
ulations, including Koreans [13]. Thus, patients with a BMI less 
than 25 kg/m2 were assigned to the nonobese group, while those 
with a BMI greater than 25 kg/m2 were included in the obese 
group. 

The AIS is an anatomy-based coding system first proposed in 
1971 that is used to classify and describe the severity of trauma 
[14]. The AIS score ranges from 1 to 6, and a score of 9 is defined 
as “not further specified.” As described in previous studies, an 
AIS score of greater than 3 in certain body parts indicates a se-
vere injury [15,16]. The ISS was first proposed in 1974 and is 
widely used to estimate the severity of injuries [17]. In studies 
that analyzed the ISS as a prognostic factor in trauma patients, 
the ISS was divided into mild (< 9), moderate (9–15), severe (16–
25), and profound (> 25) or minor (< 4), moderate (4–8), serious 
(9–15), severe (16–24), and critical (> 24). In our study, to focus 
on the effects of obesity in more severe injuries, trauma injuries 
with an ISS greater than 25 were considered critical, as in other 
studies [18–20]. 

Statistical methods 
The chi-square test was performed to compare discrete depen-
dent variables. For continuous dependent variables, the median 
and interquartile range (IQR) were calculated, and the Mann-Whit-
ney U-test was used to compare the differences. Additionally, 
multivariate logistic regression analysis was performed to identi-
fy factors associated with the dependent variables. Multivariate 
logistic regression with the use of backward elimination was per-
formed on variables that showed associations with P-values less 
than 0.20 in univariate logistic regression or were deemed clini-
cally significant. SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA) was 
used to perform all statistical analyses, and a P-value of less than 
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0.05 was considered to indicate statistical significance. 

RESULTS 

A total of 2,318 traffic accident patients presented to the hospital 
from July 2018 to December 2020. Among these patients, 679 
had experienced pedestrian traffic accidents. According to the 
exclusion criteria, 42 patients aged below 15 years and 36 who 
died at the time of arrival in the emergency room or in the 
emergency room were excluded. Fifty-eight patients whose 
BMI and ISS values were not recorded were also excluded, as 
this information was essential for the analysis. A total of 543 
patients were included in the analysis and were divided into 
nonobese (360 patients, 66.3%) and obese patients (183 pa-
tients, 33.7%) (Fig. 1). 

The proportion of men was slightly greater in the obese group 
(56.8%) than in the nonobese group (50.3%); however, no signifi-
cant difference was observed (P = 0.148). In contrast, the age of 
the patients was significantly higher in the nonobese group (me-
dian, 60 years; IQR, 47–72 years) than in the obese group (medi-
an, 58 years; IQR, 45–68 years; P = 0.001). However, no signifi-
cant difference was observed in the time of injury, suspicion of 
alcohol consumption, and type of collision vehicle between the 
two groups. Mental status upon arrival at the emergency room 
was assessed using the Glasgow Coma Scale (GCS). The propor-
tion of patients with a GCS score < 9 was higher in the obese 
group than in the nonobese group (19.4% vs. 10.9%), suggesting 

that the level of consciousness was significantly lower in the 
obese group (P= 0.034). Vital signs were also not statistically sig-
nificantly different between the two groups, except for the pulse 
rate. The median pulse rates were 86 beats per min (bpm; IQR, 
75–99 bpm) and 97 bpm (IQR, 77–108 bpm) in the nonobese 
and obese groups, respectively, but the difference was not clini-
cally significant. The revised trauma score was calculated based 
on the patient’s information at the time of admission, and the 
obese group showed significantly lower scores than the nonobese 
group (P= 0.021). The AIS score was significantly different in the 
head area between the two groups. Severe head injuries were sig-
nificantly more common in the obese group (86.2%) than in the 
nonobese group (67.4%, P = 0.005). Severe abdominal injuries 
were less frequently encountered in the obese group (51.2%) than 
in the nonobese group (63.3%); however, the difference was not 
statistically significant (Table 1).  

With regard to the management provided in the ED and out-
comes, the proportion of patients who required red blood cell 
and fresh frozen plasma transfusion was significantly higher in 
the obese group (24.6% and 14.8%, respectively) than in the non-
obese group (16.7% and 7.5%, respectively; P = 0.027 and 
P = 0.008, respectively). Moreover, more patients in the obese 
group underwent emergent procedures or operations (14.9% vs. 
18.6%) and were admitted to the ICU (44.7% vs. 52.5%) than 
those in the nonobese group; however, the differences were not 
statistically significant (P= 0.153 and P= 0.088, respectively). Af-
ter hospitalization, the obese group stayed longer in the ICU than 
the nonobese group (median, 3.2 days vs. 5.0 days; P= 0.002) and 
had a longer duration of hospitalization (median, 11.9 days vs. 
14.6 days; P < 0.001). However, no significant differences were 
observed in outcomes, including the mortality rate, between the 
two groups (P= 0.774) (Table 2). 

Age, sex, time of injury, suspicion of alcohol consumption, and 
type of collision vehicle were included in the multivariate analysis 
to assess the difference in the likelihood of sustaining a critical in-
jury according to obesity status. The final model was selected us-
ing the backward elimination method. After adjusting for age 
and sex, the odds ratio (OR) for critical injury in the obese group 
was 1.59 (95% confidence interval [CI], 1.01–2.48) compared 
with the nonobese group. Furthermore, the OR for critical injury 
was 1.74 (95% CI, 1.10–2.74) in male patients (Table 3). Howev-
er, no statistically significant difference was found between the 
obese group and the nonobese group for the risk of injuries with 
an ISS > 15. 

Fig. 1. Flow diagram of the patient selection and exclusion process. 
DOA, dead on arrival; ED, emergency department; BMI, body mass 
index; ISS, Injury Severity Score.

2,318 Total traffic 
accidents

42 Age <15 years
36 DOA or ED death

Missing data
55 BMI unknown
3 ISS unknown

679 Pedestrian traffic 
accidents

543 Patients enrolled

360 Nonobese 
patients (66.3%)

183 Nonobese 
patients (33.7%)
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DISCUSSION 

The severity of injury according to the accident mechanism 
seems to be affected by various physiological and biomechanical 
factors (e.g., change in speed at the time of collision, type of colli-
sion object, protective equipment, and collision location). There 
is a lack of research exploring the relationships among patient 
body type, specific damage mechanisms, and the severity of inju-
ries. In general, previous studies have reported that obesity nega-
tively affects trauma patients; however, those studies used differ-
ent methods of research and reported inconsistent findings 
[9,10]. Thus, there is no clear consensus on the effects of obesity 

in trauma patients. In this study, we adjusted for several variables 
that can affect the severity of injuries in pedestrian traffic acci-
dents. The OR of critical injury in the obese group was 1.59 (95% 
CI, 1.01–2.48), reflecting a significantly higher risk than that in 
the nonobese group. 

In a study on survivor drivers of passenger cars who experi-
enced a motor vehicle crash injury, obese male drivers were more 
likely to have a higher ISS than nonobese male drivers [10]. Simi-
lar to our method, that study excluded patients who died in the 
emergency room and then analyzed the severity of injury. How-
ever, the study participants were passengers, not pedestrians as in 
our study. In that study, a stratified analysis according to sex and 

Table 1. General characteristics, mental status, vital signs, and AIS scores of patients with pedestrian injuries admitted via the emergency department

Variable Total (n=543) Nonobesea) (n=360) Obeseb) (n=183) P-value
Male sex 285 (52.5) 181 (50.3) 104 (56.8) 0.148
Age (yr) 60 (47–72) 62 (49–74) 58 (45–68) 0.001
Time of injury 0.189
 00:00–08:00 127 (23.4) 78 (21.7) 49 (26.8)
 08:00–16:00 236 (43.5) 154 (42.8) 82 (44.8)
 16:00–24:00 180 (33.2) 128 (35.6) 52 (28.4)
Transportation by public ambulance 518 (95.4) 343 (95.3) 175 (95.6) 0.854
Suspicion of alcohol consumption 77 (14.2) 52 (14.4) 25 (13.7) 0.805
Type of collision vehicle 0.476
 Car 460 (84.7) 304 (84.4) 156 (85.3)
 Bicycle 7 (1.3) 6 (1.7) 1 (0.6)
 Motorcycle 29 (5.3) 22 (6.1) 7 (3.8)
 Others 28 (5.2) 16 (4.4) 12 (6.6)
 Unknown 19 (3.5) 12 (3.3) 7 (3.8)
Glasgow Coma Scale (n=495) 0.034
 ≥14 391 (79.0) 270 (81.8) 121 (73.3)
 9≤ & <14 36 (7.3) 24 (7.3) 12 (7.3)
 <9 68 (13.7) 36 (10.9) 32 (19.4)
Systolic blood pressure (mmHg) (n=536) 137 (116–160) 137 (117–161) 136 (114–158) 0.196
Diastolic blood pressure (mmHg) (n=536) 84 (71–96) 84 (72–96) 85 (71–96) 0.598
Pulse rate (bpm) (n=540) 86 (75–99) 84 (74–95) 91 (77–108) <0.001
Respiratory rate (breaths/min) (n=540) 20 (18–22) 20 (18–21) 20 (18–22) 0.117
Body temperature (°C) (n=540) 36.5 (36.0–36.8) 36.5 (36.0–36.8) 36.5 (36.1–36.9) 0.048
Revised trauma score (n=489) 7.8408 (7.8408–7.8408) 7.8408 (7.8408–7.8408) 7.8408 (6.904–7.8408) 0.021
Severe body part injury (AIS≥3 in AIS≥1)
 Head (n=203) 149 (73.4) 93 (67.4) 56 (86.2) 0.005
 Thorax (n=175) 128 (73.1) 82 (73.9) 46 (71.9) 0.774
 Abdomen (n=90) 52 (57.8) 31 (63.3) 21 (51.2) 0.249
 Spine (n=92) 15 (16.3) 11 (19.0) 4 (11.8) 0.367
 Upper extremity (n=119) 6 (5.0) 0 (0.0) 6 (13.0) 0.002
 Lower extremity (n=299) 140 (46.9) 92 (46.7) 48 (47.1) 0.953
Values are presented as number (%) or median (interquartile range).
AIS, Abbreviated Injury Scale; bpm, beats per minute.
a)Body mass index <25 kg/m2. b)Body mass index ≥25 kg/m2.
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obesity was conducted, and obesity only had detrimental effects 
on injury severity in male patients. In our study, the OR for criti-
cal injury was higher in men than in women regardless of BMI, 
and there was no interaction between sex and BMI in relation to 
the risk of critical injury. 

In another study that analyzed the relationship between obesi-
ty and severity of injury in blunt trauma patients aged 15 years 
and above, the patients were divided into four groups according 
to their BMI (< 25, 25–29.9, 30–34.9, and ≥ 35 kg/m2), and inju-
ry severity was compared among the four groups [21]. The mean 
ISS showed significant intergroup differences; in particular, a 

subgroup analysis demonstrated that the group with a BMI < 25 
kg/m2 had a significantly lower ISS than the other three groups. 
Consistent with our findings, trauma patients with a BMI ≥ 25 
kg/m2 had a higher ISS. However, the analysis of that study did 
not distinguish various mechanisms of injury, including motor 
vehicle accidents, falling from a height, and simple falls. Thus, 
there were difficulties in understanding how the mechanism of 
injury affects the impact of obesity on the pattern of injuries. 

Another study compared the severity of injuries and outcomes 
according to obesity status in blunt trauma patients. Unlike the 
other study, the mean ISS (12.6 vs. 11.8), abdomen AIS, head 

Table 2. Management performed at the emergency department and outcomes

Variable Total (n=543) Nonobesea) (n=360) Obeseb) (n=183) P-value
Transfusion of red blood cell 105 (19.3) 60 (16.7) 45 (24.6) 0.027
Transfusion of fresh frozen plasma 54 (9.9) 27 (7.5) 27 (14.8) 0.008
Emergent procedure or operation 84 (15.5) 50 (14.9) 34 (18.6) 0.153
Admission to intensive care unit 257 (47.3) 161 (44.7) 96 (52.5) 0.088
Intensive care unit days (n=257) 3.6 (1.8–8.6) 3.2 (1.5–7.0) 5.0 (2.2–13.1) 0.002
Total hospital days (n=527) 12.9 (6.9–21.7) 11.9 (6.0–20.0) 14.6 (8.9–28.0) <0.001
Mechanical ventilation days (n=118) 3.5 (0.78–11.2) 2.7 (0.4–10.6) 5.2 (2.2–12.5) 0.097
Complication during admission (n=529) 58 (11.0) 37 (10.3) 21 (11.5) 0.669
Admission result (n=527) 0.774
 Discharge 124 (22.8) 87 (24.2) 37 (20.3)
 Transfer 357 (65.8) 234 (65.0) 123 (67.2)
 Expire 46 (8.5) 28 (7.8) 18 (9.8)
Values are presented as number (%) or median (interquartile range).
a)Body mass index <25 kg/m2. b)Body mass index ≥25 kg/m2.

Table 3. Risk factors for critical injury (Injury Severity Score ≥25) in pedestrian traffic accidents

Variable
Unadjusted Adjusted

OR 95% CI P-value OR 95% CI P-value
Obesity (BMI ≥25 kg/m2) 1.60 1.02–2.49 0.038 1.59 1.01–2.49 0.044
Age (yr) 1.00 0.98–1.10 1.011 1.00 0.99–1.01 0.527
Male sex 1.73 1.10–2.70 0.016 1.74 1.10–2.75 0.018
Time of injury -
 16:00–24:00 Reference
 00:00–08:00 1.17 0.67–2.05 0.578
 08:00–16:00 0.80 0.48–1.32 0.375
Suspicion of alcohol consumption (yes) 0.87 0.46–1.65 0.676 -
Type of collision vehicle -
 Car Reference
 Bicycle 0.72 0.09–6.10 0.767
 Motorcycle 0.70 0.24–2.05 0.511
 Others 0.72 0.25–2.14 0.561
 Unknown 2.00 0.74–5.43 0.170
OR, odds ratio; CI, confidence interval; BMI, body mass index.
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AIS, and mortality rate (6.8% vs. 3.5%) were not significantly dif-
ferent between nonobese and obese patients [22]. However, the 
specific mechanism of blunt trauma was also not distinguished 
in that study. Most importantly, only 815 out of 7,030 trauma pa-
tients were assessed for BMI and included in the study. Thus, the 
risk of bias was high. Similarly, another study on hospitalized pa-
tients injured in motorcycle accidents reported that there was no 
difference in injury severity according to obesity status (mean 
ISS, 9.7 vs. 9.3) [23]. 

In a previous study that analyzed the severity and pattern of in-
juries according to obesity status in patients who had fallen 
down, mortality and the AIS for various body parts were not sig-
nificantly different between obese and normal-weight groups. By 
contrast, the ISS was significantly lower in obese patients than in 
normal-weight patients; however, the reason for the difference in 
ISS was not provided [24]. Taken together, these studies have re-
ported various findings on the severity of injury according to 
obesity status in blunt trauma patients. However, there is a lack of 
studies evaluating the effects of obesity on the severity of pedes-
trian injuries. For this reason, our study makes a novel and 
meaningful contribution to the literature. 

In a computational study of the injury patterns of overweight 
drivers involved in motor vehicle crashes using dummy model-
ing, a higher BMI was associated with an elevated risk of injury 
in the head, thorax, and lower extremities, excluding the abdo-
men [25]. According to that study, in obese persons, the adipose 
tissue accumulated in the abdomen provides a cushioning effect 
for protection. In other body parts, in contrast, adipose tissue has 
less prominent cushioning effects. Thus, the effect of momentum 
due to a higher BMI exceeds the cushioning effects of adipose tis-
sue, causing an overall increase in the injury risk. This proposal 
seems to be applicable to understanding the results of our study, 
which showed that obesity might have an overall detrimental ef-
fect on the severity of injuries. In our study, as well as having a 
higher risk of critical injury, the obese group also had a higher 
risk of severe head injury than the nonobese group (86.2% vs. 
67.4%,; P= 0.005). Moreover, although the difference was not sta-
tistically significant, the rate of severe abdominal injuries was 
lower in obese patients (51.2%) than in nonobese patients 
(63.3%), suggesting that obesity may have protective effects 
against abdominal trauma, in accordance with the interpretation 
of the computational study discussed above. However, there were 
no meaningful differences in other body parts (thorax, spine, up-
per extremity, and lower extremity). Several studies have also re-
ported findings regarding the relationship between obesity and 
injuries to specific body parts; however, the results differ depend-

ing on the injury mechanism [16,26,27]. 
The OR for critical injury in men was 1.74 (95% CI, 1.10–

2.74). Another study that evaluated the effects of age on injury 
severity in older patients who experienced pedestrian traffic acci-
dents reported that male sex was associated with an ISS of more 
than 25 (OR, 1.23; 95%, CI 1.11–1.36). This finding is consistent 
with our observations [28]. In a study that analyzed traffic acci-
dent data from the United States, the fatality rate per 100 colli-
sions was approximately 1.98 times higher in men than in wom-
en (8.14 vs. 4.12) [29]. However, these two studies did not explain 
why men were more likely to experience severe injuries and mor-
tality in pedestrian traffic accidents than women. 

This study has several limitations. First, this study was con-
ducted retrospectively using data collected from a single medical 
institution. Thus, the characteristics of patients who experienced 
traffic accidents as pedestrians cannot be generalized. Second, 
only those who were hospitalized or transferred were included in 
our study; therefore, patients who were discharged based on their 
emergency room test results were not included. The reason for 
this is that only hospitalized patients who presented to the emer-
gency room or trauma resuscitation room of participating hospi-
tals and were assigned S- and T-codes were included in the 
KTDB, excluding those who were discharged home. However, 
clinical injury severity is expected to be low in patients who do 
not require hospitalization, and it is likely that the exclusion of 
those patients did not significantly affect the findings of our 
study. Third, patients were assigned to nonobese and obese 
groups based on a BMI of 25 kg/m2. For Asians, a BMI of less 
than 18.5 kg/m2 is considered underweight. Only 7% of the par-
ticipants in this study were underweight, making it difficult to as-
sess the effects of obesity on the severity of injury in the full range 
of BMI categories. These limitations were also observed in the 
previous studies that have been described above and should be 
addressed in future research once sufficient data are collected.  

In conclusion, obesity is a significant risk factor for severe inju-
ries in pedestrian traffic accidents. Further studies are needed to 
analyze the effects of BMI on the pattern and severity of injuries 
in patients with more diverse mechanisms of injury using large-
scale data.  
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Purpose: To analyze the data of trauma patients with undetected injuries at the time of initial resus-
citation during the primary and secondary surveys. 
Methods: We retrospectively reviewed the medical records of 807 patients who were hospitalized at 
the National Trauma Center, Seoul, Korea from June 1, 2019 to June 30, 2021. 
Results: In trauma patients with an Injury Severity Score ≥16 accounted for 27.5% in the non-missed 
injury group (non-MIG), but this rate was considerably higher at 71.2% in MIG. The mean hospital-
ization longer in MIG (50.90±39.56) than in non-MIG (24.74±26.11). The proportion of patients 
with missed injuries detected through tertiary trauma survey (TTS) was 28 patients (23.5%) within 
24 hours, 90 patients (75.6%) after 24 hours to before discharge. The majority of missed injuries were 
fractures (82.4%) and ligament tears (8.4%), which required consultation with the orthopedic de-
partment. The final diagnoses of missed injuries were confirmed by computed tomography (44.5%), 
magnetic resonance imaging (19.3%), X-ray (19.3%), bone scan (11.8%), and physical examination 
(5.0%). 
Conclusions: TTS is considered a useful process for detecting missed injuries that were not identi-
fied at the time of initial resuscitation in the primary and secondary surveys. In the future, to detect 
missed injuries quickly, it is necessary to develop a suitable TTS program for each trauma center. In 
addition, further research is needed to verify the effectiveness of the protocolized TTS and survey 
chart to improve the effectiveness of TTS. 
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INTRODUCTION 

In modern society, various industries have developed economi-
cally and technologically. Consequently, the number of patients 
with trauma caused by industrial accidents, such as falls, slips, 
hits, stuck in machines, stabs, and traffic accidents, is increasing. 
In Korea, out of 295,110 deaths in 2019, 27,282 (9.24%) were 

caused by trauma [1].  
Trauma deaths occur frequently in economically active popu-

lations under the age of 44 years. This constitutes a significant so-
cial burden [2]. According to a 2006 study, the cost of productivi-
ty loss due to injury related premature deaths were approximately 
₩8.6 trillion [3]. 

The number of patients with severe trauma and Injury Severity 
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Score (ISS) ≥ 16 increased from 8,803 in 2018 to 9,115 in 2019. 
As of 2019, 5,004 traffic accidents (54.9%) and 3,416 falls (37.5%) 
accounted for the majority. Of these, only 4,357 patients (47.8%) 
survived. Among them, the incidence of severe and moderate 
disabilities was 2,594 (59.5%), which was higher than that of 
1,676 normal recoveries (38.5%) [4]. 

Severe trauma poses an immediate threat to a patient’s life if 
timely management is not provided [5]. However, if initial resusci-
tation of the patient is prioritized and identified injuries are be-
latedly discovered, it may affect the relationship of trust with pa-
tients and extend hospital days for long-term treatment and reha-
bilitation. Therefore, this is expected to be a significant burden on 
both patient’s individual finances and social insurance fund [2]. 

Accordingly, the Ministry of Health and Welfare in Korea se-
lected five regional trauma centers in 2012 under the “2010– 
2012 Emergency Medical Advancement Plan,” and as of 2021, 15 
regional trauma centers are in operation. As a result, the prevent-
able trauma mortality rate, which was high at 30.5% in 2015, de-
creased to 19.9% in 2017, demonstrating a significant improve-
ment [6]. 

As a new regional trauma center is planned to open, we inves-
tigated missed injuries during the initial resuscitation through a 
tertiary trauma survey (TTS). In Korea, regional trauma centers 
individually discuss and conduct TTS; however, this has not yet 
been published. Therefore, this study aimed to provide basic data 
for the development of a protocol for effective TTS to diagnose 
and treat missed injuries by retrospectively analyzing the types 

and frequencies of injuries identified. 

METHODS 

This study was approved by the Institutional Review Board of the 
National Medical Center (No. NMC-2021-10-122). The written 
informed consent was waived due to the retrospective nature of 
this study. This study was conducted on 807 patients with trauma 
who were hospitalized at the National Trauma Center, Seoul, Ko-
rea from June 1, 2019 to June 30, 2021. Among the patients, 734 
patients who did not find missed injury were classified into the 
non-missed injury group (non-MIG) and 73 patients in 119 inju-
ry sites who found missed injury into MIG. Frequency analysis 
and paired-sample t-test were performed using IBM SPSS ver. 
25.0 (IBM Corp., Armonk, NY, USA). 

RESULTS 

In non-MIG and MIG, male patients accounted for 64.7% and 
78.1% of the population, respectively. The average age in non-
MIG and MIG was 62.9 and 50.7 years, respectively. In particular, 
the mean ISS was 11.76± 8.84 in non-MIG and 22.03± 11.76 in 
MIG, thereby showing a higher score in MIG. The proportion of 
patients with severe trauma and ISS ≥ 16 in non-MIG accounted 
for 27.5% but was considerably higher at 71.2% in MIG. The 
mean hospital day for non-MIG was 24.74 days and 50.90 days 
for MIG, which was approximately 2.06 times higher (Table 1). 

Table 1. General characteristics

Characteristic Non-MIG (n=734) MIG (n=73) t P-value*
Age (yr) - -
 Range (min–max) 20–112 21–86
 Mean±SD 62.9±18.1 50.7±17.1
Hospital day
 Range (min–max) 1–228 2–205 - -
 Median (IQR) 18 (8.0–31.0) 39 (21.5–72.5) - -
 Mean±SD 24.74±26.11 50.90±39.56 3.200 0.002
Injury Severity Score
 Range (min–max) 1–75 1–48 - -
 Mean±SD 11.76±8.84 22.03±11.76 7.271 <0.001
 ≥16a) 202 (27.5) 52 (71.2) 5.143 <0.001
Sex - -
 Male 475 (64.7) 57 (78.1)
 Female 259 (35.3) 16 (21.9)
MIG, missed injury group; min, minimum; max, maximum; SD, standard deviation; IQR, interquartile range.
a)Classified as severe trauma patients.
*P<0.05.
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Missed injuries were classified into the following three types: 
type I, not diagnosed in the initial survey conducted immediately 
after admission but confirmed through a tertiary survey within 
24 hours of hospitalization; type II, confirmed from 24 hours af-
ter hospitalization to before discharge from the hospital after the 
tertiary survey; and type III, confirmed after discharge from the 
hospital (Table 2) [7]. 

The characteristics of analysis of the missed injuries are sum-
marized in Table 3. On investigating, 28 cases of injury (23.5%) 
were type I, 90 cases (75.6%) were type II, and one case (0.8%) 
was type III. Seventy-one cases (59.7%) were found within the 1st 
week and 22 cases (18.5%) were found in the 2nd week of hospi-
talization (Fig. 1).  

On analyzing the kinds of injuries, fractures accounted for the 
majority with 98 cases (82.4%), followed by ligament tears in 10 
cases (8.4%), hemorrhage in five cases (4.2%), skin laceration in 
two cases (1.7%), nerve palsy in two cases (1.7%), contusion in 
one case (0.8%), and organ injury in one case (0.8%). 

The identified missed injury area was classified based on the 
Abbreviated Injury Scale 2015 dictionary [8]. However, pelvic in-
juries were further analyzed in this study because they affect 
mortality as many as lower-extremity injuries [9]. As the results 
show, there were 34 cases (28.6%) of injury in the upper extremi-
ties, 27 cases (22.7%) in the chest, 26 cases (21.8%) in the lower 
extremities, 13 cases (10.9%) in the facial region, eight cases 
(6.7%) in the head, seven cases (5.9%) in the abdomen, and four 
cases (3.4%) in the pelvis. 

Regarding the diagnostic tools used to detect the missed inju-
ries, 53 cases of injury (44.5%) were diagnosed by computed to-
mography (CT), 23 cases (19.3%) each were diagnosed by mag-
netic resonance imaging and X-ray. Fourteen cases (11.8) were 
confirmed through bone scan and six cases (5.0%) were con-
firmed through physical examination alone. 

DISCUSSION 

In this study, patients with ISS ≥ 16 accounted for 27.5% of pa-
tients in non-MIG, and the proportion of MIG was considerably 
higher at 71.2%. The mean ISS was 11.76 ± 8.84 in non-MIG, 

Table 2. Injury classification

Type Description
I As a result of TTS (in hospital): any injury missed during primary and secondary surveys but detected by TTS
II After TTS (after 24 hr): any injury missed during primary and secondary surveys and TTS but detected before discharge
III After hospital discharge: injury missed during primary and secondary surveys and TTS but detected after discharge
TTS, tertiary trauma survey.

Table 3. Missed injury characteristics (n=119)

Characteristic No. (%)
Missed injury type
 I (within 24 hr) 28 (23.5)
 II (after 24 hr) 90 (75.6)
 III (after discharge) 1 (0.8)
Detected time (day of hospitalization)
 1 12 (10.1)
 2 18 (15.1)
 3 15 (12.6)
 4 12 (10.1)
 5 5 (4.2)
 6 4 (3.4)
 7 5 (4.2)
 8–14 22 (18.5)
 15–28 8 (6.7)
 29–42 12 (10.1)
 43–77 6 (5.0)
Injury type
 Fracture 98 (82.4)
 Ligament tear 10 (8.4)
 Hemorrhage 5 (4.2)
 Skin laceration 2 (1.7)
 Palsy 2 (1.7)
 Contusion 1 (0.8)
 Organ injury 1 (0.8)
Injury area
 Head and necka) 8 (6.7)
 Face 13 (10.9)
 Thoraxb) 27 (22.7)
 Abdomenc) 7 (5.9)
 Pelvisd) 4 (3.4)
 Upper extremity 34 (28.6)
 Lower extremity 26 (21.8)
Detector
 Computed tomography 53 (44.5)
 Magnetic resonance imaging 23 (19.3)
 X-ray 23 (19.3)
 Bone scan 14 (11.8)
 Physical examination 6 (5.0)
Including a)cervical spine, b)thoracic spine, c)lumbar spine, and d)sa-
crum injury.
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sponse to physical examinations in the second lane (Fig. 2). 
The types of missed injuries identified in this study were type I 

(23.5%), type II (75.6%), and type III (0.8%), showing trends 
similar to those in the previous study (23%, 59%, and 0.1 %, re-
spectively) [12]. Although it has not been long since the domestic 
severe trauma treatment system was established, it is remarkable 
that it is in line with previous studies conducted overseas. Per-
haps, it is because patients are intensively evaluated in early hos-
pital days at resuscitation stage or missed injuries are found in the 
process of reestablishing the treatment plan in the 1st week when 
the patient’s vital sign is stabilizing. However, further research is 
needed to clarify the trend that found missed injuries in 1 to 4 
days of hospitalization and peaked at 8 to 14 days. 

The injuries most frequently identified were fractures (82.4%) 
and ligament tears (8.4%), requiring consultation with the ortho-
pedic department. Moreover, the injured areas comprised the up-
per extremities (28.6%), chest (22.7%), and lower extremities 
(21.8%). In most patients with severe trauma, opioids and seda-
tives are often administered for pain control and ventilator care 
after management such as surgical treatment and initial resusci-
tation [13]. Therefore, it could be difficult for the patient to clear-
ly identify pain in the injured area. Accordingly, injuries that can-
not be identified based on appearance, such as dislocations and 
open wounds, are thought to be recognized in the process of per-
forming physical and radiologic examination once the patient’s 
vital signs are stabilized. 

whereas it was 22.03 ± 11.76 in MIG, which was 10.27 higher 
than that of non-MIG. This result suggests that because injury 
control and resuscitation management are prioritized, and such 
cases are immediate transferred to the operating room or radio-
logical intervention room, it is difficult to detect all injuries 
during the initial management. Furthermore, the ability to con-
duct a thorough TTS is limited on account of the patients being 
administered opioids and sedatives or having an altered mental 
state due to brain injury or shock. Therefore, to detect missed in-
juries, medical staff at trauma centers should repeatedly evaluate 
physical examination and review radiologic images during the 
patient’s hospitalization. 

In addition, a standardized tertiary investigation tool will en-
able rapid identification of missed injuries and improve progno-
sis [10,11]. Thus, we recently developed a protocol for TTS with a 
survey chart and designated the person in charge to systematical-
ly detect missed injuries. The chart was configured in a two-way 
investigation, depending on the patient’s level of consciousness. If 
the patient is unconscious due to sedatives, shock, or brain injury, 
TTS is conducted only by limited examinations, such as inspec-
tion (e.g., for abrasion, contusion, laceration, swelling, fracture, 
tenderness, skin color, and chest movement), auscultation (e.g., 
heart, lung, and bowl sounds), palpation (e.g., pulse, emphyse-
ma), and percussion located in the first lane in the chart with re-
view of radiography. After the patient’s consciousness is recov-
ered, TTS is completed by assessing complaints of pain or re-
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Fig. 1. Detecting missed injury days.
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Fig. 2. Tertiary trauma survey chart (National Trauma Center [NMC] ver. 1.0). Y, yes; N, no; Negl, neglect; ROM, range of motion; CT, computed 
tomography.
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Regarding the tools that finally diagnosed the missed injuries, 
53 cases (44.5%) by CT, 23 cases (19.3%) each by magnetic reso-
nance imaging and X-ray, 14 cases (11.8%) by bone scanning, 
and six cases (5.0%) by physical examination. In many cases, it is 
difficult to identify the exact mechanism of injury because pa-
tients with severe trauma have unstable vital signs and are un-
conscious or confused. Therefore, to shorten the time spent in 
the CT and emergency rooms, we conducted a protocol that in-
cluded a noncontrast scan of the brain and neck and a con-
trast-enhanced scan of the chest, abdomen, and pelvis, unless 
there were limitations such as hemodynamic instability. Through 
this process, major trauma areas were identified and treated by 
surgery or radiological intervention. It is believed that missed in-
juries were confirmed when CT or X-ray studies were reviewed 
by the medical staff within 24 hours [7,14,15]. 

A bone scan visualizes the activity of osteoblasts. If there are 
complaints of pain and traces of trauma, a bone scan can be used 
to evaluate the suspected area for a fracture. Therefore, unless 
there was a limitation, we performed a bone scan 5 days after ad-
mission or immediately after transfer to the general ward. In this 
study, 14 patients (11.8%) were diagnosed using bone scans. This 
is consistent with the claim that bone scanning is effective in di-
agnosing fractures that were missed during the initial resuscita-
tion process [16]. 

However, in this study, two cases of facial nerve palsy were 
confirmed only by physical examination alone. It is necessary to 
conduct physical examination and early examination of the neu-
rological system when nerve damage is suspected to avoid se-
quelae in the recovery process. 

This study has several limitations. First, it was performed at a 
single trauma center and the number of cases was small. Second, 
the study is retrospective in nature, and data confirmation, such 
as the patient’s initial level of consciousness or administration of 
sedatives, was limited. Therefore, the scope of the study was lim-
ited, and the results cannot be generalized. Nevertheless, we sug-
gest additional research to overcome the difficulty of performing 
TTS and improve patient’s prognosis, including patient’s data like 
amount or duration of administered sedatives and length of ven-
tilator care. 

In conclusion, TTS is considered a useful process for identify-
ing areas of injury that were missed at the time of initial resusci-
tation [7]. But the ability to conduct a thorough TTS is limited on 
account of the status of patients or the environment of each trau-
ma center. Therefore, it is necessary to develop a suitable pro-
gram for each trauma center that protocolized the TTS and a 
chart to assist in documenting insufficient parts of performing 

TTS. Further investigation is needed to verify the effectiveness of 
the protocolized TTS and chart through multi-institutional joint 
research to investigate the diagnostic method, type of missed in-
jury, and treatment method. 
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Postoperative infection after cranioplasty in traumatic 
brain injury: a single center experience  
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Purpose: To determine the incidence and risk factors of postoperative infection after cranioplasty in 
patients with traumatic brain injury (TBI). 
Methods: Data of 289 adult patients who underwent cranioplasty after TBI at a single regional trau-
ma center between year 2018 and 2021 were reviewed retrospectively. Patient characteristics and 
various procedural variables, such as interval between craniectomy and cranioplasty, estimated 
blood loss, laterality and materials of the bone flap, and duration and classification of perioperative 
antibiotics usage were analyzed. 
Results: Postoperative infection occurred in 17 patients (5.9%). Onset time of infectious symptom 
ranged from 9 days to 174 days (median, 24 days) after cranioplasty. The most common cultured or-
ganism was Staphylococcus aureus (47.1%), followed by Klebsiella pneumoniae (17.6%) and Enterococ-
cus faecalis (17.6%). Patients with postoperative infection were more likely to have diabetes (odds ra-
tio [OR], 6.96; 95% confidence interval [CI], 1.92–25.21; P=0.003), lower body mass index (OR, 0.81; 
95% CI, 0.66–0.98; P=0.029), and shorter duration of perioperative antibiotics (OR, 0.83; 95% CI, 
0.71–0.98; P=0.026). 
Conclusions: For TBI patients with diabetes, poor nutritional status should be managed cautiously 
for increased risk of infection after cranioplasty. Further studies and discussions are needed to de-
termine an appropriate antibiotics protocol in cranioplasty. 
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INTRODUCTION 

Decompressive craniectomy is a widely used neurosurgical pro-
cedure to control increased intracranial pressure in multiple con-
ditions including traumatic brain injury (TBI), stroke, and intra-
cranial hemorrhage. When initial stage of hemorrhage and ede-
ma is over, cranioplasty is generally considered. Recent studies 
suggest that cranioplasty not only has protective and cosmetic 

benefit, but also is associated with functional neurological recov-
ery [1,2]. 

However, cranioplasties can have serious complications includ-
ing infection, seizures, bone resorption, and delayed hydrocepha-
lus [3] with an overall complication rate reported as high as 40% 
[4]. Among these complications, postoperative infection is one of 
the most important complications because it can lead to serious 
conditions including empyema and meningitis, that require a 
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long period of intravenous antibiotics treatment and possibly 
multiple surgeries. 

Several studies have identified factors associated with infection 
after cranioplasty [3–6], mostly with heterogenous etiology and 
autologous bone graft. However, despite the recent development 
and increased usage of new graft materials, few attempts have 
been made to investigate infection risk of these newer material. 
Furthermore, lack of dedicated study in TBI population on this 
topic has not been addressed. In this study, authors provide com-
prehensive evaluation of incidence and risk factors of postopera-
tive infection after cranioplasty in patients with TBI. This updat-
ed study might provide implications to achieve better care for 
TBI patients. 

METHODS 

Ethical statements 
This study was approved by the Institutional Review Board of 
Pusan National University Hospital (No. 2207-023-117). In-
formed consent was waived due to the study’s retrospective na-
ture.

Data collection and definition 
Data of adult patients who underwent a cranioplasty at a single 
regional trauma center between year 2018 and 2021 were re-
viewed retrospectively. After excluding patients who underwent 
decompressive craniectomy for nontraumatic cause such as isch-
emic stroke, a total of 289 patients were enrolled. Their medical 
records were reviewed for information including age, sex, history 
of smoking, body mass index (BMI), Injury Severity Score at the 
time of initial trauma, American Society of Anesthesiologists 
physical status classification and modified Rankin Scale at the 
time of the cranioplasty. Procedural variables such as interval be-
tween craniectomy and cranioplasty, operational duration of cra-
nioplasty surgery, estimated blood loss, laterality and materials of 
the bone flap, and duration and classification of perioperative an-
tibiotics usage were also collected. Postoperative infection was 
defined as any case with one of the following presentations up to 
a year after cranioplasty as per Centers for Disease Control and 
Prevention definition of surgical site infection: purulent dis-
charge, wound dehiscence, formation of abscess, or empyema 
with or without systemic inflammatory symptoms [7]. Degree of 
surgical site infections are usually classified as superficial inci-
sional, deep incisional, and organ/space [7,8]. However, superfi-
cial incisional and deep incisional surgical site infections were of-
ten not clearly distinguishable by medical records and images. 

Therefore, infections with abscess, encephalitis, or meningitis 
were classified as organ/space infections and the rest were classi-
fied as incisional infections in this study. 

Surgical technique 
All cranioplasty were performed by five individual board-certi-
fied neurosurgeons with more than 2 years of experience as a 
neurotrauma surgeon in a standardized fashion. Surgical site was 
prepared in the usual manner. Previous incisions were reopened 
and dissected. Dural defects were repaired and sealed with colla-
gen sponge (TachoSil; Takeda Austria, Linz, Austria). Cryopre-
served autologous bone flaps were considered primarily in most 
cases. However, if the quality of bone flap was inadequate, vari-
ous artificial grafts were considered based on surgeon’s and pa-
tient’s preference. Each implant, including cryopreserved autolo-
gous bone, polymethyl methacrylate, polyether ether ketone, or 
titanium mesh implant, was sterilized using ethylene oxide gas 
and irrigated vigorously with normal saline before implantation. 
All graft were fixated with miniplates and two subgaleal drains 
were placed before closure of the surgical wound. 

Prophylactic antibiotics were administered within 1 hour of 
skin incision. However, the choice of antibiotics and the duration 
of usage varied greatly per surgeon’s preference and the clinical 
scenario. If prophylactic antibiotics were used continuously more 
than 2 weeks for the treatment of various infections such as 
pneumonia and phlebitis, they were still counted as perioperative 
antibiotics for the purpose of this study. 

Statistical method 
After collection, data were divided into an infection group and a 
non-infection group. Independent t-test or Wilcoxon rank-sum 
test for continuous variable and chi-square test or Fisher exact 
test for categorical variable were used for initial analysis. Multi-
variate logistic regression was also performed to evaluate statisti-
cal correlation. Odds ratio (OR) and 95% confidence interval 
(CI) were calculated when applicable. Two tailed P-values of less 
than 0.05 were considered to indicate statistical significance. All 
statistical analyses were conducted using R ver. 4.1.3 (R Founda-
tion for Statistical Computing, Vienna, Austria). 

RESULTS 

A total of 289 patients underwent cranioplasty during the 4-year 
period (2018 to 2021), including 219 male patients (76.3%). The 
mean age of patients was 51.6 years (Table 1). A total of 17 pa-
tients (5.9%) had postoperative infection. Onset time of infec-
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tious symptom ranged from 9 to 174 days (median, 24 days) after 
cranioplasty (Table 2). Thirteen of 17 patients (76.5%) with surgi-
cal infection had organ/space infection such as epidural/subdural 
abscess and meningitis. The most commonly cultured organism 
was Staphylococcus aureus (47.1%), followed by Klebsiella pneu-
moniae (17.6%) and Enterococcus faecalis (17.6%) (Table 3). 

In initial statistical analysis between the infection group and 

Table 1. Summary of patient characteristic and possible risk factors

Variable Overall Infection group Non-infection group P-valuea)

No. of patients 287 (100) 17 (5.9) 270 (94.1) -
Patient factor
 Age (yr) 51.60±17.84 48.18±19.02 51.81±17.77 0.453
 Male sex 219 (76.3) 15 (88.2) 204 (75.6) 0.377
 History of smoking 108 (37.6) 8 (47.1) 100 (37.0) 0.569
 Body mass index (kg/m2) 23.27±3.31 21.49±2.37 23.39±3.33 0.006b)

 History of diabetes 23 (8.0) 5 (29.4) 18 (6.7) 0.007b)

 Injury Severity Score >24 220 (76.7) 15 (88.2) 205 (75.9) 0.302
 ASA physical status >2 243 (84.7) 16 (94.1) 227 (84.1) 0.485
 Modified Rankin Scale >3 166 (57.8) 9 (52.9) 157 (58.1) 0.801
 ICP monitoring history 43 (15.0) 4 (23.5) 39 (14.4) 0.297
 Presence of shunt 19 (6.6) 3 (17.6) 16 (5.9) 0.093
Procedure factor
 DC-CP interval (day) 106.78±185.51 192.82±489.03 101.37±147.88 0.453
 Operation duration (min) 132.23±41.23 135.24±48.31 132.04±40.84 0.793
 Estimated blood loss (mL) 312.37±213.64 352.94±275.83 309.81±209.50 0.535
 Bilateral CP 60 (20.9) 4 (23.5) 56 (20.7) 0.762
 Bone flap 0.584
  Autologous 239 (83.3) 14 (82.4) 225 (83.3)
  Polymethyl methacrylate 39 (13.6) 2 (11.8) 37 (13.7)
  Polyether ether ketone 7 (2.4) 1 (5.9) 6 (2.2)
  Titanium mesh 2 (0.7) 0 2 (0.7)
Prophylactic antibiotic
 Cephalosporin 232 (80.8) 17 (100) 215 (79.6) 0.122
 Vancomycin 49 (17.1) 0 49 (18.1) -
 Other 6 (2.1) 0 6 (2.2) -
 Duration (day) 7.60±5.78 4.65±6.32 7.79±5.70 0.030b)

Values are presented as number (%) or mean±standard deviation.
ASA, American Society of Anesthesiologists; ICP, intracranial pressure; DC, decompressive craniectomy; CP, cranioplasty.
a)Independent t-test or Wilcoxon rank-sum test for continuous variables and chi-square test or Fisher exact test for categorical variables.
b)Statistically significant (P<0.05).

Table 2. Multivariate logistic regression analysis

Independent variable
Infection risk

Adjusted OR (95% CI) P-value
Body mass index (kg/m2) 0.81 (0.66–0.98) 0.029
History of diabetes 6.96 (1.92–25.21) 0.003
Duration of prophylactic antibiotics 

(day)
0.83 (0.71–0.98) 0.026

OR, odds ratio; CI, confidence interval.

Table 3. Characteristics of postoperative infection cases (n=17)

Characteristic Value
Onset of infection from cranioplasty (day) 24 (9–174)
Depth of infection
 Incisional 4 (23.5)
 Organ/space 13 (76.5)
Cultured microorganism
 MSSA 2 (11.8)
 MRSA 6 (35.3)
 Klebsiella pneumoniae 3 (17.6)
 Coagulase-negative staphylococci 1 (5.9)
 Enterococcus faecalis 1 (5.9)
 Pseudomonas spp. 3 (17.6)
 Unknown 1 (5.9)
Values are presented as median (range) or number (%).
MSSA, methicillin-susceptible Staphylococcus aureus; MRSA, methi-
cillin-resistant S. aureus.
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the non-infection group, variables showing statistically signifi-
cant difference included BMI (P = 0.006), diabetes (P = 0.007), 
and duration of perioperative antibiotics usage (P = 0.030). In 
multivariate logistic regression analyses, patients in the infection 
group were more likely to have diabetes (OR, 6.96; 95% CI, 1.92–
24.21; P = 0.003) and lower BMI (OR, 0.81; 95% CI, 0.66–0.98; 
P= 0.029) (Table 2). Other patient factors including age, sex, his-
tory of smoking, Injury Severity Score, American Society of An-
esthesiologists physical status, modified Rankin Scale, history of 
continuous intracranial pressure monitoring, and presence of 
shunt device were not associated with postoperative infection. 
Procedural factors did not show any significant associations with 
postoperative infection either. However, a shorter duration of 
perioperative antibiotics usage was associated with an increased 
infection risk (OR, 0.83; 95% CI, 0.71–0.98; P = 0.026). We did 
not observe any significant difference in infection rates between 
individual surgeons (P= 0.69) (Table 4). 

DISCUSSION 

Diabetes has been associated with various postoperative morbid-
ity, including postoperative infection after cranioplasty [3,4,6]. In 
this study, we also found a strong correlation between diabetes 
and infection. The only other patient factor that showed a statisti-
cally significant association with infection in our study was BMI. 
In the designing stage of this study, we suspected that obesity 
would be associated with infection. However, we observed a 
trend of association between higher BMI and decreased risk of 
postoperative infection. Considering that many patients with TBI 
are bed ridden, their nutritional status might be related to the in-
cidence of infection. Although a few studies have discussed the 
correlation between malnutrition and surgical infection [9,10], 
further investigation is needed on this topic. Previous surgical 
procedures such as history of continuous monitoring and pres-
ence of shunt device were presumed to increase risk of infection. 

However, they did not affect infection incidence significantly in 
our study. 

With recent advancement in technology, more and more pa-
tients are getting three-dimensional printed polyether ether ke-
tone grafts which offer better cosmetic outcome and shorter op-
eration time than traditional free hand molded polymethyl 
methacrylate grafts. Therefore, the authors included various 
types of cranioplasty materials in this study, different from previ-
ous studies that focused on autologous graft and first time cra-
nioplasty. However, we did not observe any significant difference 
in the incidence of postoperative infection depending on the 
graft material. Punchak et al. [11] have published a meta-analysis 
on the safety of polymethyl methacrylate graft without reaching 
conclusion on the implant infection risk due to the lack of data. 
Other variables such as timing and duration of the cranioplasty, 
as well as estimated blood loss did not affect the infection risk ei-
ther. 

There is no clear guideline on perioperative antibiotics usage in 
a cranioplasty surgery specifically. However, the 2017 Centers for 
Disease Control and Prevention guideline strongly recommends 
against repeated use of prophylactic antibiotics usage in clean or 
clean-contaminated procedure [12]. Surgical Infection Society 
guideline also recommends single-dose antibiotics without a 
clearly recommended choice of agent [13]. However, in clinical 
practice, these recommendations are not always followed strictly. 
Single-dose antibiotics administration was used only in 39 cases 
(13.5%) in our study (Fig. 1). Often, cranioplasty is considered as 
“an implantation surgery” associated with high infection rate and 
biofilm formation. Furthermore, because many patients were 
critically ill and exposed to antibiotics resistant microorganisms, 
some studies even suggest routine use of vancomycin [14] or 

Table 4. Infection rate of individual surgeons

Surgeon
No. of patients

Infection 
rate (%) P-valuea)Infection 

group
Non-infection 

group
A 6 86 6.5 0.69
B 2 57 3.4
C 8 51 13.6
D 1 49 2.0
E 0 27 0

a)Fisher exact test.
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Fig. 1. Duration of perioperative antibiotics usage.
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when the patient carries methicillin-resistant S. aureus on a scalp 
swap [15]. In our study, we observed that a shorter duration of 
perioperative antibiotics associated with a higher infection risk. 
Though results of this study are insufficient to conclude optimal 
protocol on antibiotics usage in cranioplasty, surgeons might 
need to consider extended duration of perioperative antibiotics, 
especially in high infection risk patients. 

This study has a few limitations. First, this was a retrospective, 
nonrandomized single center study with a relatively small num-
ber of patients, especially infection group (17 patients). Second, 
due to the goal of this study to search for risk factors, data were 
more heterogenous than those of previous studies that usually fo-
cus on first time cranioplasty with autologous bone graft. Factors 
such as skin flora, size of craniectomy, damage of skin in the ini-
tial trauma should be included in future studies. Further ran-
domized prospective studies with larger sample sizes are also 
needed. 

Despite the limitations, this study demonstrates that diabetes, 
lower BMI, and shorter duration of perioperative antibiotics are 
correlated with a higher chance of postoperative infection after 
cranioplasty in patients with TBI. Since postoperative infections 
have major negative effect on the course of the treatment of TBI, 
surgeons should pay attention to modifiable factors when per-
forming cranioplasty. Tighter blood sugar control with sufficient 
nutrition and adequate use of antibiotics might help reduce the 
risk of postoperative infections. 
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INTRODUCTION 

Trauma is the most frequent cause of death in people under 40 
years of age worldwide, and trauma-related mortality is projected 
to increase over the next 20 years [1]. A trauma center is a hospi-
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tal equipped and staffed to provide care for patients with trau-
matic injuries from falls, motor vehicle collisions, and other 
events. In the United States, a hospital can receive trauma center 
status by meeting specific criteria established by the American 
College of Surgeons and passing a site review by the Verification 
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Review Committee. Trauma center designation is a process out-
lined and promulgated at the state or local level. The official des-
ignation as a trauma center is determined by individual state law 
provisions. Trauma centers vary in their specific capabilities and 
are identified by “level” designations, where level I is the highest 
and level V is the lowest [2]. 

The key elements in level I trauma centers include 24-hour in-
house coverage by general surgeons and the prompt availability 
of care in various specialties such as emergency medicine, inter-
nal medicine, trauma surgery, orthopedic surgery, cardiothoracic 
surgery, neurosurgery, anesthesiology, and critical care, as well as 
plastic surgery. Following the introduction of the major trauma 
network in Korea, 17 regional trauma centers (RTCs) and 39 re-
gional emergency medical centers (REMCs) were designated and 
mandated to provide equivalent services to a highly specialized 
subgroup of severely injured patients. 

As the number of polytrauma patients increases, plastic sur-
gery has entered the specialty of traumatology. Plastic surgeons 
specialize in the simultaneous surgical care of patients with oral 
and craniomaxillofacial trauma, hand trauma, stab wounds, 
complicated wounds, deep wounds, burns, and traumatic avul-
sion or crushing injury requiring microsurgery. Nine years after 
the major trauma network was launched, plastic surgery was 
present at 16 of the 17 RTCs and 37 of the 39 REMCs. Two of the 
39 REMCs still do not have colocated plastic surgical depart-
ments. The lack of colocated services can introduce delays in the 
surgical treatment of facial and hand trauma or severe soft tissue 
injuries requiring reconstruction using microsurgery and poten-
tially impact the outcomes. Thirty-seven of the 39 REMCs had at 
least one plastic surgeon with a primary interest in facial and 
hand surgery. However, plastic surgery departments covering 
trauma centers are not standardized, although each department 
has a unique set of skills. 

Previous studies have reported the role of plastic surgery in 
trauma centers specifically and individually [3,4]. However, limit-
ed studies have included every field of plastic surgery practice in 
traumatology [5]. The present study introduces the field of plastic 
surgery as practiced at a high-level trauma center of a tertiary 
hospital, equivalent to a level I trauma center in the United States. 

METHODS 

This retrospective cohort study was approved by the Institutional 
Review Board of Korea University Guro Hospital (No. 2021GR 
0552). Informed consent was waived due to the retrospective na-
ture of this study.

Between January 2020 and December 2020, 5,712 trauma pa-
tients were admitted to the emergency room of Korea University 
Guro Hospital. Among the 5,712 patients, 3,869 patients who 
met the following exclusion criteria were excluded from this 
study: patients who were admitted via outpatient clinics; patients 
with minor trauma such as contusions, sprains, and simple lacer-
ations that received primary repair; patients with minor wounds 
treated with simple dressings; and patients who were not success-
fully monitored. In total, 1,843 patients required hospitalization 
for surgery and/or hospital care. Of these 1,843 patients, 262 pa-
tients were transferred to another hospital because they had sus-
tained minor trauma (e.g., simple fractures) that did not require 
surgery in a tertiary hospital or due to the lack of space in a ward 
or an intensive care unit. Three patients died in the emergency 
room due to severe traumatic injuries. Therefore, a total of 1,578 
patients were analyzed in this study (Fig. 1). The number of pa-
tients with an Injury Severity Score (ISS) below 10 was 987 
(63%). The number of patients with an ISS between 10 and 15 
was 453 (29%), and the number of patients with an ISS over 15 
was 138 (9%) (Fig. 2). 

The primary referring surgical service was trauma surgery. 
The primary referring surgical service usually represents the sur-
gical team performing the initial evaluation in a trauma center, 
and each service in turn determines the need for additional spe-
cialty involvement. Among 1,578 hospitalized trauma patients, 
551 patients (35%) required at least one plastic surgery proce-
dure. The patient variables included age, sex, etiology, the injured 
area, and injury characteristics (Table 1).  

We also retrospectively investigated surgical data, such as the 
duration of the operation, hospital stay, length of time from inju-
ry to surgery, and collaboration with other surgical departments 
(Table 2). 

RESULTS 

Fig. 3 presents the summary of the workflow applied by the de-
partment of plastic surgery. After the initial assessment of inju-
ries, a complex diagnostic procedure was completed to deter-
mine the therapeutic needs in the emergency room. A treatment 
plan was then prepared, and surgical treatment was carried out as 
soon as possible. In patients with prominent hemodynamic in-
stabilities such as low blood pressure due to massive bleeding, 
brain hemorrhage, hemoperitoneum, hemothorax, and cardiac 
tamponade, plastic surgery was performed despite the presence 
of open injuries on the face or hand. In patients with open inju-
ries who were hemodynamically stable, plastic surgery was per-
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5,712 Patients admitted for management of
trauma in 2020

1,843 Patients required hospitalization for 
surgery and/or hospital care

1,578 Hospitalized trauma patients

551 Patients required at least one 
plastic surgery

226 Facial injury 198 Hand injury 38 Injury which needs 
microsurgery 89 Others

3,869 Patients excluded 
• 2,838 Return to outpatient clinics 
• 1,012 Minor trauma 
• 19 Lost to follow-up 

265 Patients excluded 
• 262 Transfer to another hospital 
• 3 Expired at emergency room 

Fig. 1. Flow diagram of patients included in this study.

Hospitalized patients for trauma management
 (n=1,578)

10≤ ISS ≤15
(n=453)

ISS >15
(n=138)

ISS ≤9
(n=987)

Patients required at least one plastic surgery
(n=192)

Patients required at least one plastic surgery
(n=31)

Patients required at least one plastic surgery
(n=328)

Fig. 2. Classification of patients according to the Injury Severity Score (ISS).

formed within 24 hours. In cases of replantation or an avulsion/
crushing injury with main vessel rupture that needed microsur-
gery, the anastomosis of vessels was performed by a plastic sur-
geon. Patients with closed fractures underwent surgery within 7 
days. 

A total of 551 patients underwent plastic surgery during the 

study period. Among 551 patients, 89 patients (16%) underwent 
collaborative surgical management for polytrauma involving 
plastic surgery and another department. Orthopedic surgery ac-
counted for the highest proportion of collaborations, followed by 
neurosurgery and trauma surgery. Within the plastic surgery co-
hort, the male to female ratio was 1.6:1, and the mean age was 
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Table 1. Patient demographics

Characteristic Value
Total 551
Sex (male:female) 340:211
Age (yr) 45.1±12.7 (5–83)
Follow-up (mo) 24.3±7.1 (5–59)
Etiology 551
 Vehicle accident 314 (57)
 Fall from height 94 (17)
 Work-associated injury 75 (14)
 Assault 38 (7)
 Others 30 (5)
Injured area
 Face 226 (41)
 Hand 198 (36)
 Lower extremity 72 (13)
 Trunk 11 (2)
 Others 44 (8)
Injury characteristics
 Closed fracture 152 (55)
 Open fracture 118 (25)
 Incomplete/complete amputation 52 (9)
 Soft tissue injury without fracture 229 (42)
  Deep laceration requiring surgery 140 (25)
  Burn 57 (10)
  Infected wound 32 (6)
Values are presented as number, mean±standard deviation, or num-
ber (%).

Table 2. Surgical details

Characteristic Value
Plastic surgery 551
 Facial surgery 226 (100)
  Nasal bone fracture 52 (23)
  Blow-out fracture 36 (16)
  Zygomatic fracture 31 (14)
  Mandible fracture 17 (8)
  Frontal sinus fracture 10 (4)
  Concomitant fractures 62 (27)
  Soft tissue injury without fracture 18 (8)
 Hand surgery 198 (100)
  Fracture 44 (22)
  Tendon surgery 42 (21)
  Vessel surgery 28 (14)
  Nerve surgery 14 (7)
  Concomitant surgery including replantation 70 (35)
 Microsurgery except for hand 38
 Others (e.g., deep laceration requiring exploration, 

burn, complicated wound)
89

Operation time (hr) 1.2±0.4
Hospital stay (day) 6.3±5.3
Time from injury to surgery (day) 2.3±3.1
Collaboration with other surgery departments 89 (100)
 Orthopedic surgery 21 (24)
 Neurosurgery 10 (11)
 Trauma surgery 6 (7)
 More than two surgery departments 52 (58)
Values are presented as number, number (%), or mean±standard de-
viation.

Hospitalized trauma patients involving 
plastic surgery

Open wound
• Open fracture
• Tendon, nerve, vessel 

injury
• Clean but severe wound 

(e.g., stab wound)
• Dirty wound

Open injury which
need microsurgery

• Replantation
• Avulsion or crushing  

injury without distal 
pulsation

No open wound
• Closed fracture

Surgery in 24 hoursSurgery in 12 hours Surgery in 7 days

Fig. 3. Summary of the workflow applied by plastic surgery.
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45.1 years (range, 5–83 years). The most frequent mechanisms of 
injury were vehicle accidents (314 patients, 57%), followed by 
falls from a height (94 patients, 17%), and work-related trauma 
(75 patients, 14%). The mean ISS of the plastic surgery patients 
was 8.4. 

Facial trauma was the most common anatomical area operated 
on, and hand trauma surgery represented the second most fre-
quent anatomical area treated with plastic surgery. The majority 
of the facial traumas were concomitant injuries, followed by nasal 
bone fractures, blow-out fractures, zygomatic fractures, soft-tis-
sue injuries without fractures, mandible fractures, and frontal si-
nus fractures. The majority of the hand traumas were also con-
comitant injuries, followed by fractures and soft-tissue injuries 
such as tendon, nerve, and vessel injuries. Microsurgery in an 
area other than the hand was needed in 7% of patients after re-
covery. 

DISCUSSION 

Trauma care is a prototypical example of a multidisciplinary 
team effort in which surgeons provide leadership. Trauma sur-
gery, neurosurgery, and orthopedic surgery have been regarded 
as core disciplines. The comprehensive management of critically 
injured patients is demanded in high-level trauma centers. How-
ever, the pivotal role of the plastic surgeon warrants recognition 
[3]. The role of the plastic surgeon in cosmetic procedures is well 
understood by the public and the medical profession. However, 
the role of plastic surgery in traumatology is not well known. 

In traumatology, the role of plastic surgery lies in facial and 
hand trauma, as well as trauma requiring vessel anastomosis us-
ing microsurgery. Furthermore, the role of plastic surgery in re-
construction using skin grafts, local flaps, and free flaps is also 
important for severe trauma patients after recovery. This study 
demonstrated that the scope of plastic surgery amenable to care 
by plastic surgeons extended well beyond these boundaries. To a 
large extent, this is afforded by the training that occurs in both 
soft-tissue surgery and osteosynthesis in programs with strong 
plastic and reconstructive foundations. The tremendous flexibili-
ty of the specialty afforded by this training allows for overlap and 
interactions with a number of other surgical specialties. This 
overlap can be capitalized on both by working in conjunction 
with other surgical services and by using plastic surgeons to 
cross-cover for other surgical specialties where a surgeon short-
age exists [3]. 

Traumatic injuries significantly affect patients socially, func-
tionally, and financially. It is estimated that the work-loss costs for 

the survivors of traumatic injuries amount to $167 billion annu-
ally in the United States alone [6]. There is growing evidence that 
the victims of traumatic injuries experience reduced quality of 
life, poor psychosocial outcomes, limitations in the activities of 
daily living, chronic pain, and psychological disturbances [7,8]. 
In particular, patients with facial injuries represent a subset of the 
entire trauma population that may be at increased risk for worse 
long-term outcomes due to the nature of their injuries [9]. The 
face plays an important role in human interactions and in com-
municating intentions and emotions, and it is closely tied to our 
sense of identity and self-worth [9,10]. Injuries within the scope 
of plastic surgery are usually not life-threatening [4]. However, 
injuries related to plastic surgery may result in considerable dis-
abilities and diminished quality of life [4]. In addition, functional 
recovery following severe hand trauma is essential in daily life. 

This study was a retrospective assessment of the annual treat-
ment in 5,712 trauma patients at a tertiary hospital. In this study, 
plastic surgery operative input was required in at least 35% of 
major trauma patients undergoing hospitalization. In recent 
years, multidisciplinary team efforts involving trauma surgery, 
orthopedic surgery, neurosurgery, cardiac surgery, plastic sur-
gery, and critical care teams have provided leadership in this 
high-level trauma center in southwest Seoul. The trauma coordi-
nators have meetings every week and discuss all patients with an 
ISS of more than 9, as well as polytrauma patients. 

The Korea University Medical Center is a Ministry of Health 
and Welfare-verified regional trauma medical center with a pedi-
atric commitment. It serves as a key resource facility in a regional 
trauma system implemented in 2012. Until 1983, Korea Universi-
ty Guro Hospital provided severe trauma coverage on a contrac-
tual basis. Guro Industrial Corporation was located near Korea 
University Guro Hospital and many severe trauma patients from 
its factories were referred to Korea University Guro Hospital. 
Historically, the first full-time plastic surgeon was assigned to 
Korea University Guro Hospital in 1983, and more than 500 fin-
ger replantation and thousands of hand traumas were surgically 
managed, particularly by plastic surgeons. 

Since polytrauma management requires knowledge of the 
complex spectrum of medical management as well as surgical 
treatment, it necessitates collaboration and partnership between 
multiple departments. The collaboration between plastic surgery 
and other departments facilitates the elaboration of comprehen-
sive therapeutic plans and helps to determine the timing of sur-
gery and the appropriate management of severe trauma patients. 
In patients with severe trauma due to falls from a height and ve-
hicle accidents, complex traumatic lesions are frequent and a 
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multidisciplinary approach to treat polytrauma patients is need-
ed. To enhance the specialization of a high-level trauma center, 
identification of even minor trauma and the proper management 
thereof are essential. 

The orthopedic-plastic partnership also led to a reduction of 
67% in the number of surgical debridements and decreased hos-
pital stays by 79%, which represented a major economic advan-
tage [11]. A multicenter prospective study including 545 patients 
was conducted to increase the quality of life and decrease the 
costs of complex lower limb trauma management [12]. Another 
multicenter study reported a statistically significantly higher risk 
of infections in cases with solely orthopedic treatment of open 
fractures. In contrast, the consolidation duration was significant-
ly shorter in cases involving “ortho-plastic” collaboration [13]. 
Surgical debridement, bone fixation, and flap coverage may be 
required in severe trauma patients with open fractures of the up-
per and lower extremities. After bone fixation by orthopedic sur-
geons, appropriate wound management and flap coverage may 
be performed by plastic surgeons. In this context, the plastic sur-
geon is no longer merely an occasional actor dedicated to cutane-
ous covering alone, but a key team member participating from 
admission onwards in the elaboration of therapeutic strategies. 
Thus, the creation of networks for the rapid treatment of patients 
with complex injuries in specialized trauma centers is of para-
mount importance for severe trauma patients after recovery. 

This study clearly defined the need for trauma and plastic sur-
geons to operate in major trauma centers. The unique capability 
of plastic surgeons lies in providing resuscitative surgical tech-
niques while also maintaining long-term perspectives on plastic 
and reconstructive surgery. In addition, their capabilities will un-
doubtedly improve patient outcomes by encouraging a conserva-
tive and pragmatic approach to trauma and wound management 
[1]. The authors suggest that each plastic surgery department 
serving in an REMC should include surgeons with skills relevant 
to the types of injuries presented, including head and neck sur-
geons, extremity trauma surgeons, and access to reconstructive 
surgeons. Because of the necessarily multidisciplinary nature of 
most major trauma work, plastic surgeons supporting major 
trauma centers should also be familiar and comfortable with 
working closely with related surgical and medical specialties, as 
well as allied healthcare professionals [5]. 

The primary limitation of this study is its retrospective nature. 
Another limitation of this study is that it was a monocentric 
study. A multicenter, prospective extension of this study would 
bring more scientific value. However, this would require continu-
ous efforts at all research centers, which can increase long-term 

bias due to nonreported cases. In addition, patients admitted via 
outpatient clinics were not included in this study. Therefore, the 
number of trauma patients may have been higher, even though 
there was no difference in the ratio of plastic surgery patients to 
total trauma patients. 

Despite these limitations, we performed this epidemiological 
study to investigate the specialty of plastic surgery and its role in 
the multidisciplinary team of a high-level trauma center. These 
results can be helpful in establishment of treatment strategies in 
polytrauma patients involving plastic surgery because plastic sur-
gery patients often need collaboration with other surgical depart-
ments. Although this epidemiological study of plastic surgery in 
traumatology is not comprehensive enough to ensure the preven-
tion of trauma, this study specifically analyzed the role and treat-
ment plan of plastic surgery among trauma physicians belonging 
to various departments. Although a further multicenter large-
scale study is required, this study may provide useful information 
for physicians engaged in the assessment of plastic surgery pa-
tients. 

In conclusion, plastic surgery may make a substantial contri-
bution to major trauma surgical treatment, and the majority of 
this workload was found to be related to facial and hand trauma 
and injuries requiring microsurgery in a high-level trauma cen-
ter. Recognition of the volume and nature of plastic surgery in a 
trauma center is vital for ensuring the provision of an adequate 
and relevant workforce and guiding service designs to achieve 
the best outcomes for high-level trauma centers. The diagnostic 
and treatment protocols of plastic surgery in polytrauma patients 
should be appropriate. Both these factors and sufficient experi-
ence support good results and low complication rates. A multi-
disciplinary approach for polytrauma patients may reduce the 
complication rate, and the current guidelines and workflow may 
contribute to improving patient safety and treatment outcomes. 
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INTRODUCTION 

Rib fractures are common injuries, occurring in 10% to 15% of 
all trauma patients [1,2]. Rib fractures are often associated with 
polytrauma and may occur alongside head, abdominal, chest 
wall, pulmonary, or spinal injuries, which can complicate the 
management of these patients [1–4]. Research suggests that older 
patients are at significantly higher risk of mortality and morbidity 
associated with rib fractures [5–7], although the age at which the 
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risk increases is still unclear. Researchers have suggested that in-
juries experienced by those older than 65 years [6,8], 55 years [9], 
and 45 years [10] can be defined as “elderly rib fractures.” As ag-
ing research continues, it is becoming clear that age is, in fact, 
“only a number,” and that the overall health status, degree of frail-
ty, and number of comorbidities of patients present at the time of 
their rib fractures may better explain poor outcomes than patient 
age. Therefore, treatment for rib fractures must be tailored to 
each patient. Treatment guidelines are often based on a simplifi-
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cation of risk factors, especially based on age, and overall adher-
ence to guidelines tends to be poor [11]. In a study of geriatric 
patients with multiple rib fractures, Shi et al. [12] found that, 
among those who had not been directly admitted to the intensive 
care unit (ICU), 9% had an unplanned admission; however, they 
did not observe an associated difference in outcomes in patients 
who experienced unplanned ICU admission. 

Patients over 65 years of age with rib fractures, patients with 
three or more rib fractures, and patients with polytrauma are 
recommended to be transferred to a trauma center for care. 
However, data on the outcomes of transfer patients are lacking. 
Our trauma center, Essentia Health-St. Mary’s Medical Center 
(Duluth, MN, USA), serves a large, rural area, and a sizable 
proportion of our patient population is transferred to us for 
treatment. The goals of this study were threefold: (1) to de-
scribe the population of patients admitted to our trauma center 
with rib fractures; (2) to compare demographic and injury-re-
lated characteristics as well as the outcomes of patients who 
were directly admitted to our center and patients who were 
transferred to our center; and (3) to identify possible risk fac-
tors for increased mortality. 

METHODS 

Ethical statements 
This study was reviewed, approved, and monitored throughout 
by the Institutional Review Board of Essentia Institute of Rural 
Health. Due to the retrospective nature of the study, informed 
consent was waived. 

Patient selection 
We performed a retrospective observational study of all trauma 
patients admitted from January 1, 2008 to December 31, 2018 to 
Essentia Health-St. Mary’s Medical Center (SMMC-EH), a single 
trauma center, located in northeastern Minnesota, which serves a 
large area of rural communities. SMMC-EH was a level II Amer-
ican College of Surgeons (ACS) verified adult and pediatric trau-
ma center throughout the majority of the study period and was 
reclassified as a level I ACS adult trauma center in September 
2018. Since SMMC-EH is a large referral center serving an ex-
pansive area spanning three states, many patients are transferred 
to our hospital after an initial evaluation at a local hospital. Most 
hospitals that refer patients to SMMC-EH are located in rural ar-
eas, based on Rural-Urban Commuting Area codes [13], and 
many are critical access hospitals (CAHs) [14]. We included all 
patients admitted after a traumatic injury with at least one rib 

fracture during the study period who met the National Trauma 
Data Standard patient inclusion criteria [15]. The only exclusion 
criteria were patients who elected not to participate in research at 
our institution. 

Data collection 
All patient data were electronically extracted from the SM-
MC-EH trauma registry and electronic health records. Patient 
demographics included age at admission, sex, race, ethnicity, 
Charlson Comorbidity Index (CCI) score, alcohol use, tobacco 
use, and the number of unique rib fracture hospitalizations 
during the study period. Hospitalization-related variables in-
cluded the mechanism of injury, number of ribs fractured, Inju-
ry Severity Score (ISS), ICU admission (and whether it was 
planned upon initial examination or unplanned), length of ICU 
stay, mechanical ventilator use and duration of use, rib fixation, 
noninvasive ventilation use (bilevel positive airway pressure or 
continuous positive airway pressure), and the use of epidural or 
catheter-based anesthesia for pain control. Outcome variables 
included the length of hospital stay, in-hospital complications 
(e.g., pneumonia or sepsis), discharge disposition, 30-day inpa-
tient readmissions, 30-day emergency department admissions, 
and mortality. Patient transfer status was determined for all hos-
pitalizations (i.e., if patients were admitted directly after present-
ing at the SMMC-EH emergency department or were admitted 
after being transferred from another hospital). For patients who 
were transferred to our facility, the ACS’s trauma designation 
(level II, III, or IV, or undesignated) and whether they were des-
ignated by the Centers for Medicare and Medicaid Services as a 
CAH were collected from all transferring hospitals. The CAH 
designation is designed to support rural hospitals, reduce finan-
cial strain, and improve access to care by enabling access to 
healthcare services in rural areas. To meet CAH definitions, 
hospitals must (1) have 25 or fewer inpatient beds, (2) be more 
than 35 miles from other hospitals, (3) have an average length of 
stay of fewer than 96 hours for inpatients, and (4) provide emer-
gency care services 24 hours a day and 7 days a week [14]. The 
duration of time spent at the local hospital (defined as the time 
of admission to the local hospital to discharge from the local 
hospital) and the transfer time (the time from discharge from 
the local hospital to the time of admission at the trauma center) 
were calculated for all patients transferred to our hospital. 
During the final years of the study period (August 2017 to Au-
gust 2018), our standard clinical practice was to assess all pa-
tients admitted to our center who were aged 65 years and older 
using the Edmonton Frailty Scale [16]. This scale was adminis-
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tered by trauma team staff through patient or caretaker inter-
views, and the data were recorded in the patients’ charts. The 
scores were then abstracted via a chart review. Frailty data were 
only available for a subset of patients since, prior to August 2017, 
these data were not collected. 

Data analysis 
Our primary outcome measures were in-hospital complications, 
median length of stay in the hospital, discharge disposition, and 
mortality (in the hospital, within 30 days, and within 1 year). All 
analyses were performed in IBM SPSS ver. 23.0 (IBM Corp., Ar-
monk, NY, USA). We reported the demographics of patients as 
medians and ranges for all continuous variables, since they were 
not normally distributed, or as the number of patients and per-
centages. Descriptive statistics were used to examine the study 
population. Demographic comparisons between directly admit-
ted and transfer patients were made using the chi-square test (or 
the Fisher exact test when cell counts were < 5) and the 
Mann-Whitney U-test. Since some patients had more than one 
hospitalization for a rib fracture during the study period, some 
analyses were performed using the first admission only. When all 
admissions were analyzed, bivariate and multivariate generalized 
estimating equations were employed when comparing outcomes 
between transferred and directly admitted patients, since patients 
could have been included in one of the groups multiple times for 
separate admissions. generalized estimating equations included 
negative binomial and binary logit-linked models with unstruc-
tured correlation matrices. Binary logistic regression was also 
used to make comparisons between unique patients. In these 
analyses and tables, we clearly outlined when only the first rib 
fracture admission and when all rib fracture admissions were in-
cluded. A P-value of less than 0.05 was considered to indicate sta-
tistical significance. 

RESULTS 

During the study period, 1,649 patients were admitted for rib 
fractures, with 1,671 unique rib fracture hospital admissions. 
The majority of patients were Caucasian (92.6%), followed by 
American Indian/Alaska Native (4.9%) and Black (0.5%). Pa-
tients were more likely to be male than female (male patients, 
71.2%; female patients, 28.8%). Patients experienced between 
one and three unique rib fracture hospital admissions during 
the study period. The median age at hospitalization was 57 
years (range, 2–98 years), and the median ISS was 14 (inter-
quartile range [IQR], 9–18). The median number of rib frac-
tures was 3 (IQR, 2–5). Among the total hospitalizations, 592 
hospitalizations (36%) related to rib fractures required an ICU 
stay, with 10% requiring transfer to the ICU after floor admis-
sion. The most common mechanism of injury was falling, fol-
lowed by motor vehicle, all-terrain vehicle, and motorcycle 
crashes; however, the mechanism of injury varied greatly based 
on the age group (Fig. 1). In the pediatric age group, vehicle-re-
lated injuries (whether motor vehicle, all-terrain vehicle, mo-
torcycle, or other) accounted for 100% of rib fractures. As age 
increased, the number of injuries caused by falls also increased. 
Alcohol use was common, with 26% of admissions being asso-
ciated with alcohol use on the day of injury. Active tobacco use 
was also high at 27.8%.  

Transfer status  
During the study period, 894 patients (54%), representing 902 
hospital admissions, were transferred to our trauma center from 
other hospitals for definitive care. Most patients were initially 
evaluated as having been transferred from an ACS level IV trau-
ma center (67%), followed by undesignated trauma centers 
(20%) and level III centers (13%). Eighty-two percent of patients 
were transferred from CAHs. The median time spent at the ini-

█ Fail █ Motor vehicle crash █ All-terrain vehicle crash █ Motorcycle crash █ Other transportation injury █ Other

Fig. 1. Injury mechanism associated with rib fracture by age group: (A) <18 years (n=45), (B) 18–44 years (n=412), (C) 45–64 years (n=651), (D) 
65–84 years (n=450), and (E) ≥85 years (n=115).

AA BB CC DD EE
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Table 1. Patient demographics, injury characteristics, and hospital data for all trauma admissions with rib fractures between January 1, 2008, and De-
cember 31, 2018

Variable Total 
(n=1,671)

Direct admissions 
(n=769)

Transfer patients 
(n=902) ExpB (95% CI) P-value

Male sex 1,190 (71.2) 519 (76.5) 671 (74.4) 0.72 (0.58–0.88) 0.001
Age (yr) 57 (43–70) 58 (44–72) 56 (42–68) 0.97 (0.94–0.99) 0.028
Injury cause
 Fall 608 (36.0) 330 (43.0) 278 (31.0) 0.60 (0.49–0.72) <0.001
 Motor vehicle crash 383 (23.0) 155 (20.0) 228 (25.0) 1.34 (1.06–1.68) 0.013
 All-terrain vehicle 188 (11.0) 70 (9.0) 118 (13.0) 1.58 (1.08–2.02) 0.015
 Motorcycle accident 152 (9.0) 77 (10.0) 75 (8.0) 0.81 (0.57–1.14) 0.218
 Other transport 140 (8.0) 42 (6.0) 98 (11.0) 2.07 (1.43–3.01) <0.001
Alcohol use-related rib fracture injury 440 (26.0) 172 (22.0) 268 (30.0) 1.39 (1.10–1.74) 0.006
Current tobacco use 467 (28.0) 195 (25.0) 272 (30.0) 1.01 (1.00–1.01) 0.012
No. of rib fractures 3 (2–5) 3 (2–5) 3 (2–5) 0.99 (0.93–1.06) 0.790
Injury Severity Score 14 (9–18) 13 (9–17) 14 (10–19) 1.09 (1.02–1.18) 0.017
 >15 645 (39.0) 276 (36.0) 369 (41.0) 1.25 (1.02–1.52) 0.031
Charlson score 0 (0–0) 0 (0–1) 0 (0–0) 0.56 (0.44–0.70) - 
Hospital LOS (day) 4 (2–8) 4 (2–8) 4 (2–8) 1.04 (0.90–1.19) 0.605
ICU admissions
 No ICU stay 1,063 (64.0) 502 (65.0) 561 (62.0) 0.79 (0.61–1.04) 0.089
 Directly admitted to ICU (planned) 431 (26.0) 198 (28.0) 233 (26.0) 1.00 (0.81–1.25) 0.976
 Unplanned ICU 177 (11.0) 69 (9.0) 108 (12.0) 1.99 (1.03–3.85) 0.041
Total ICU LOS (day) 2 (1–6) 2 (1–6) 2 (1–6) 1.05 (0.81–1.36) 0.692
Ventilator use 301 (18.0) 124 (16.0) 177 (20.0) 1.00 (0.99 –1.01) 0.213
 On ventilator (day) 4 (2.0–10.0) 5 (2.0–10.8 ) 4 (2.0–9.5) 0.91 (0.60–1.37) 0.646
Rib fixation 40 (2.0) 19 (3.0) 21 (2.0) 0.94 (0.50–1.76) 0.849
BiPAP/CPAP 21 (1.0) 8 (1.0) 13 (1.0) 1.39 (0.57–3.37) 0.465
Catheter-based pain control 21 (1.0) 10 (1.0) 11 (1.0) 0.94 (0.40–2.22) 0.884
Pneumonia 42 (3.0) 21 (3.0) 21 (2.0) 0.99  (0.98–1.01) 0.319
Discharge disposition
 Home with or without home health services 1,047 (63.0) 477 (62.0) 570 (63.0) 0.89 (0.66–1.20) 0.449
 Skilled nursing facility or rehab 528 (32.0) 240 (31.0) 288 (32.0) 1.30 (0.90–1.88) 0.168
 Hospice 6 (0.4) 4 (0.5) 2 (0.2) 0.43 (0.08–2.33) 0.324
Mortality
 Deceased on arrival 10 (0.6) 8 (1.0) 2 (0.2) 0.21 (0.05–0.99) 0.050
 In-hospital 68 (4.1) 32 (4.2) 36 (4.0) 0.99 (0.99–1.01) 0.549
 30-Day postdischarge 13 (0.8) 10 (1.3) 3 (0.3) 0.25 (0.07–0.92) 0.037
Values are presented as number (%) or median (interquartile range). Patients with more than one unique hospitalization with rib fracture could 
be in both the direct admission and transfer groups. Analysis was performed using bivariate generalized estimating equations. Directly admitted 
patients were the comparison group.
ExpB, exponentiation of the B coefficient in binary logistic regression; CI, confidence interval; LOS, length of stay; ICU, intensive care unit; BiPAP, 
bilevel positive airway pressure; CPAP, continuous positive airway pressure.

tial hospital was 2.71 hours (IQR, 1.60–4.07 hours), and the me-
dian transportation time from the initial hospital to the trauma 
center was 1.18 hours (IQR, 0.68–1.57 hours). Compared to di-
rect admission, transfer patients were more often male and more 
often sustained their injuries due to high-impact mechanisms 

such as motor vehicle or all-terrain vehicle crashes. As shown in 
Table 1, transfer patients tended to be younger, more likely to ac-
tively use tobacco, and sustain injuries associated with alcohol 
use than directly admitted patients. Transfer patients were less 
likely to have a CCI score of 2 or more (10.5% for transfer pa-
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tients vs. 19.5% for directly admitted patients). The median ISS 
was higher for transfer patients. The median number of rib frac-
tures was similar between groups. Approximately one-third of all 
patients in both groups were admitted to the ICU; however, 
transfer patients were significantly more likely to experience un-
planned ICU admission (12% for transfer patients vs. 9% for di-
rectly admitted patients; P = 0.041). The rate of pneumonia did 
not differ between the groups. 

In-hospital mortality 
All in-hospital mortality analyses were performed using the in-
formation on each unique patient information for their first rib 
fractures as opposed to data on all hospitalizations. The total 
number of unique patients was 1,649. One patient died during 
their second admission and was not included in this mortality 
analysis. In-hospital mortality was 4.1% and did not significantly 
differ between directly admitted patients (4.2%) and transfer pa-
tients (3.9%). Patients who required ICU admission had a higher 
in-hospital mortality rate compared to those who did not require 
ICU admission (7.3% and 2.2%, respectively; P< 0.001), but there 
was no significant difference between patients with planned and 
unplanned ICU admissions (7.1% vs. 7.6%; P = 0.92). Patients 
who died in hospital (median age, 64 years; IQR, 47–80 years) 
tended to be significantly older than survivors (median age, 56 
years; IQR, 43–69 years; P= 0.013). However, age was not an ef-
fective predictor of mortality, and in a receiver operating charac-
teristic curve, the area under the curve was only 0.60 (95% confi-
dence interval, 0.52–0.68) (Fig. 2A). Similar to age, the number 
of rib fractures and the CCI score were poor predictors of mor-
tality using receiver operating characteristic curves (Fig. 2A). ISS 
was a better predictor of in-hospital mortality. Table 2 depicts the 
odds ratios and adjusted odds ratios of in-hospital mortality for 
age, number of rib fractures, CCI score, and ISS calculated using 
univariate analysis and binary logistic regression. 

Patients aged 65 years and older with rib fractures 
In a subgroup analysis, we evaluated 565 hospitalizations of 553 
patients aged 65 years and older, which included a comparison to 
those younger than 65 years of age (Table 3). Falls were over-
whelmingly the most common cause of injury within the older 
group of patients; however, transfer patients were more likely to 
be admitted for injuries caused by other mechanisms (Table 3). 
Transfer patients had a significantly higher median ISS and were 
more likely to be admitted to the ICU upon admission. However, 
even with a higher median ISS and likelihood of ICU admission, 
no significant differences in in-hospital or 30-day postdischarge 

Age (yr) AUC=0.60 (0.52–0.68)
No. of rib fractures AUC=0.55 (0.47–0.63)
ISS AUC=0.74 (0.68–0.81)
CCI score AUC=0.58 (0.50–0.65)
Reference line
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Fig. 2. Receiver operating characteristic curve for (A) all patients, 
(B) patients aged 65 years and older, and (C) patients younger than 
65 years of age, examining the predictive value of age, number of rib 
fractures, Injury Severity Score (ISS), and comorbidities based on the 
Charlson Comorbidity Index (CCI). Diagonal segments are produced 
by ties. AUC, area under the receiver operating characteristic curve.
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mortality were observed between transfer patients and directly 
admitted patients. 

Compared to younger patients, patients older than 65 years of 
age did not have a significantly increased risk of in-hospital mor-
tality (aged ≥ 65 years, 5.8%; aged < 65 years, 4.1%; P= 0.13). Pa-
tients younger than 65 years of age were more likely to require 
ICU admission than older patients (38.6% vs. 30.6%, respective-
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Table 2. Age at the time of injury, number of rib fractures, Injury Se-
verity Score, and Charlson Comorbidity Index score and the risk of 
in-hospital mortality

Variable Unadjusted 
OR (95% CI)

Adjusted 
OR (95% CI)

Age at time of injury (yr) 1.02 (1.03–1.03) 1.03 (1.02–1.05)
No. of rib fractures 1.09 (1.01–1.18) 0.96 (0.87–1.06)
Injury Severity Score 1.09 (1.07–1.11) 1.14 (1.09–1.14)
Charlson Comorbidity Index score 1.21 (1.08–1.37) 1.28 (1.11–1.47)
Unadjusted ORs were calculated using univariate binary logistic re-
gression, and the adjusted ORs (multivariate analysis) were calculated 
using all four variables controlling for sex (the adjusted OR for the 
female sex in the multivariate model was 0.82; 95% CI, 0.46–1.46).
OR, odds ratio; CI, confidence interval.

Table 3. Comparison of injury and hospital data on directly admitted patients and transfer patients for all hospitalizations for rib fractures in patients 
aged 65 years and older

Variable Direct admission (n=280) Transfer admission (n=285) P-value
No. of ribs fractured 3 (1–14) 4 (1–17) 0.207
Mechanism of injury 0.001
 Fall 210 (75.0) 157 (55.0)
 Motor vehicle crash 23 (8.0) 54 (19.0)
 All-terrain vehicle 11 (4.0) 21 (7.0)
 Motorcycle accident 12 (4.0) 5 (2.0)
 Other 24 (9.0) 48 (17.0)
Injury Severity Score
 Median 10 13 <0.001
 >15 58 (21.0) 89 (31.2) 0.005
Intensive care unit admission
 Planned 50 (18.0) 84 (29.5) 0.001
 Unplanned 14 (5.0) 23 (8.1) 0.138
 Length of stay (day)  4 (1–80) 3 (1–28) 0.860
Mechanical ventilation required 28 (10.0) 41 (14.4) 0.150
On ventilator (day)  10 (0–164) 5 (1–44) 0.294
In-hospital mortality 13 (4.6) 19 (6.7) 0.302
Values are presented as median (range) or number (%).

ly; P= 0.001) and were more likely to have an unplanned ICU ad-
mission (12% vs. 6.7%; P< 0.001). Receiver operating characteris-
tic curves predicting mortality were created using age, ISS, num-
ber of rib fractures, and the CCI score for those aged 65 years and 
older and those under 65 years of age, and they are depicted in 
Figs. 2B and 2C. In both groups, age was a poor predictor of 
mortality. ISS was a more specific and sensitive predictor of mor-
tality in younger patients. The number of rib fractures and co-
morbidities were poor predictors of mortality in both groups, but 
they were slightly better predictors in the older age group. 

Frailty 
Frailty in 76 patients aged 65 years and older was assessed using 

the Edmonton Frail Scale [16]. In this subgroup, 18 patients 
(24%) were considered frail, and 11 (14%) were considered vul-
nerable. There was no significant difference in the frailty rate be-
tween directly admitted patients and transfer patients. In addi-
tion, no significant difference in in-hospital mortality was ob-
served between patients with and without frailty (3.8% vs. 3.7%, 
respectively). However, there was a significant difference in frail 
patients’ 1-year mortality (6 out of 18 patients, 33%) compared to 
patients without frailty (2 out of 57 patients, 4%) and vulnerable 
patients (1 out of 11 patients, 9%). Logit-linked binary general-
ized estimating equations models controlling for age, number of 
rib fractures, ISS, and whether the patient was transferred, 
showed that each 1-point increase in the total frailty score was 
significantly associated with a 1.43 increase (95% confidence in-
terval, 1.01–2.01; P= 0.044) in the adjusted odds of mortality at 1 
year postdischarge. 

DISCUSSION 

Rib fractures, a common injury in trauma patients, present a co-
nundrum for researchers. Rib fractures are often associated with 
other injuries, making analysis and broad treatment recommen-
dations difficult. As this study shows, rib fractures can occur in 
any age group, and injury severity can greatly vary, with ISSs 
ranging from 1 to 75. We also found that the mechanisms of inju-
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ry that led to rib fractures varied greatly between the different age 
groups. Furthermore, as age increased, low-risk mechanisms of 
injury, such as falls, comprised the overwhelming number of ad-
missions. A recent analysis of the National Trauma Data Bank 
examined all patients with rib fractures in the United States from 
2002 to 2006 and reported a mean age of 45.8 years and an over-
all mortality rate of 8% [17]. Our patient population was older 
than this cohort, with a median age of 57 years at the time of hos-
pitalization, and had a lower in-hospital and 30-day mortality 
rate of 4.1%. 

We found few significant differences in outcomes between pa-
tients that presented directly to our trauma center and those who 
were transferred from another hospital. We did find that transfer 
patients had higher risk mechanisms of injury, a higher median 
ISS, and a higher likelihood of injuries associated with alcohol 
use. Our transfer population came from a large rural area that is 
served by many CAHs. It makes sense that transfer patients had a 
higher median ISS since patients with less severe injuries may be 
able to receive effective treatment from lower-level trauma cen-
ters. While no significant differences in in-hospital or 30-day 
postdischarge mortality rates were observed, we did find that pa-
tients transferred from other hospitals were more likely to experi-
ence unplanned ICU admission compared to directly admitted 
patients. While this study was not able to assess the causes for 
this disparity, it is possibly due to a lack of recognition of early 
decompensation or poor pain control or pulmonary care prior to 
transfer. 

Access to trauma care in rural areas is important, and a 
smooth system for transfer after the initial workup is necessary. 
In other studies of less developed trauma systems, transfer status 
was found to be associated with worse outcomes [18]. This study 
is likely biased due to the well-developed trauma system in our 
area. This study also highlights the importance of CAHs, as 82% 
of patients were initially evaluated at a critical access hospital. 
Without these hospitals, access to trauma care would be greatly 
limited. The majority of these CAHs were level III or IV desig-
nated trauma centers and all provide important care to patients 
who otherwise would not have close access to hospital care. Carr 
et al. [19] reported that 29.7 million people in the United States 
lacked access to a level I or II trauma center within 60 minutes 
via an ambulance or helicopter. Significant disparities exist in ar-
eas without this access, since they tend to be rural areas with a 
higher proportion of nonwhite residents and a higher uninsured 
population [19]. CAHs in these underserved areas can provide 
initial support and trauma stabilization for patients and, coupled 
with well-developed trauma systems, save lives. 

While current expert opinion and other low-evidence guide-
lines recommend ICU admission for all patients with rib frac-
tures over the age of 65 years, it is unclear if this cutoff is ideal 
[11]. At our center, we do not currently have an age-based cut-
off for ICU admission with rib fractures. The majority of our 
older patients are admitted to our trauma floor, which is staffed 
by well-trained trauma nurses and many advanced-practice 
providers who make frequent rounds. The entire trauma team 
is responsible for ensuring patients receive aggressive pulmo-
nary hygiene treatment and quickly identifying any decompen-
sation. We found that our rate of unplanned ICU visits was 
higher in patients younger than 65 years of age, further sup-
porting that age is not the only risk factor. This finding is simi-
lar to many other studies that evaluated the outcomes of older 
patients with rib fractures, which raises questions about the ne-
cessity of ICU admission for all older patients with rib fractures 
[12,20]. It is likely that instead of a blanket recommendation for 
all patients of a certain age to be admitted to the ICU, identify-
ing the patients at the highest risk of decompensation and poor 
outcomes is most important. As this study demonstrates, age is 
only a single, nonspecific factor when considering patient out-
comes. 

Frailty and chronic comorbidities likely contribute signifi-
cantly to worse outcomes in older patients with rib fractures. A 
higher number of comorbidities was associated with an in-
creased mortality risk and was a similar predictor to age. In this 
study, we found that patients that were frail or vulnerable had 
similar outcomes in the hospital to other older patients except 
with significantly worse long-term outcomes. Identifying pa-
tients with frailty and chronic comorbidities that place them at 
higher risk may help prevent and treat early problems that lead 
to decompensation, identify modifiable risk factors that can 
improve their outcomes, guide discussions about the goals of 
care, and set patient and family expectations for recovery. Frail-
ty is associated with increased mortality and morbidity and de-
creased independence after a traumatic injury [21]. Frailty rath-
er than age may be the driver for the poor outcomes observed 
in older patient cohorts. 

This study is limited, however, since it was a single-institution 
retrospective study. In addition, we only collected frailty data for 
a small subset of patients. Further research is needed to better 
identify the risks posed by frailty concerning rib fracture out-
comes, as well as to identify ways to modify the frailty level of pa-
tients. Furthermore, we did not collect data on other chest wall 
injuries associated with rib fractures, such as hemothorax, pneu-
mothorax, flail chest, or displaced rib fractures, which likely af-
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fected the patients’ outcomes. This study does have several 
unique strengths, however, since our trauma center covers a 
unique population, serving a large, rural, and primarily elderly 
population. Therefore, this study could provide a predictive 
model for other trauma centers in the coming years as the aging 
population grows. This study raises several important questions 
that must be answered in the coming years. In particular, further 
research is needed to better identify which patients with rib frac-
tures require transfer to trauma centers. In our well-developed 
trauma system, we did not identify any significant differences in 
the outcomes of transfer patients and directly admitted patients. 
We did identify that transfer patients tended to have more severe 
injuries since patients with less complex injuries likely received 
treatment at local hospitals. In addition, further research is need-
ed to devise a detailed and accurate spectrum of risk factors that 
would prompt ICU admission of rib fracture patients. Age alone 
is insufficient, and clinical judgment should be used to ensure 
that limited resources such as ICU beds and nursing staff are not 
overutilized when they are not genuinely needed. Good bedside 
nursing and floor care can incorporate aggressive pulmonary hy-
giene treatment and enable the identification of patients who are 
not progressing as expected. 

Rib fractures can occur in any age group due to a vast array 
of injury mechanisms. The transfer of patients to trauma cen-
ters when appropriate and well-developed transfer plans be-
tween hospitals can ensure good outcomes for all patients, es-
pecially at trauma centers in rural areas. While older patients 
tend to be at risk for worse outcomes than younger patients, age 
is not as clear of a predictor of treatment outcomes as is com-
monly assumed. Frailty and many other complex interactions 
have a more substantial impact on which patients are at the 
highest risk.  
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Experience and successful treatment of craniocerebral 
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Craniocerebral gunshot injuries is gradually increasing in the civilian population with a worse prog-
nosis than closed head trauma. We experienced a case of craniocerebral gunshot injury which a bul-
let penetrating from the submandibular area into the clivus of a patient. The patient did not show 
any symptom. However, serial laboratory findings showed an increase in blood lead level. We re-
moved foreign bodies without any problems using an endoscopic transnasal transclival approach. 
Due to the extremely low frequency, guidelines for definitive management of gunshot injuries have 
not been presented in Korea yet. We introduce our surgical experience of a craniocerebral gunshot 
injury with an unusual approach for removing intracranial foreign bodies. 
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INTRODUCTION 

Gunshot injuries have occurred frequently in the military, but 
not in the civilian population, in the past. However, they are 
gradually increasing in the civilian population as a recent global 
trend [1,2]. Craniocerebral gunshot injuries (CGI) have a worse 
prognosis than a closed head trauma [1,3]. Even with advances in 
medical and surgical techniques, CGI is known to have an ex-
tremely low survival rate [4,5]. Reported survival rate of CGI is 
only 7% to 15% [6]. However, gunshot injuries are extremely rare 
in Korea where individual firearm ownership is restricted. Thus, 
it is seldom experienced by clinicians in Korea. Due to this spe-
cial situation in Korea, there is no standard for treating gunshot 
injuries. Although the incidence rate of gunshot injuries is low in 
Korea, regional trauma centers should prepare for CGI. We re-

port on an extremely rare CGI case with bullets in the clivus re-
moved under a microscope view using an endoscopic transnasal 
transclival approach. 

CASE REPORT 

A 59-year-old male patient with CGI was transferred to our hos-
pital. The patient said that he aimed a shotgun under his chin 
and fired it with the intention of committing a suicide at around 
5:30 AM. After being transferred to a nearby hospital, he was 
transferred to our regional trauma center. Regarding the initial 
patient status, the patient's level of consciousness was clear. There 
were no specific neurological symptoms. Otorhinolaryngological 
evaluation was performed immediately. There were no problems 
with airway or vocal cord functions. A number of foreign bodies 
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were identified in the nasopharyngeal space and the clivus on the 
computed tomography (CT) scan (Fig. 1). The foreign material 
was a lead bullet. The patient showed no specific symptoms. Af-
ter he was hospitalized, conservative treatment was performed. 
Considering cerebrospinal fluid leakage and central nervous sys-
tem infection, tetanus vaccination and empirical antibiotics were 
administered. Intravenous injections of vancomycin 1 g and cef-
tazidime 1 g were administered three times per day. 

He had no specific symptoms. On the 6th day after admission, 
a blood test was performed to check lead level in the blood. His 
blood lead level was found to be 2.9 μg/dL. Lead bullets were 
present in bone, a highly vascular tissue. It was forecasted that his 
blood lead level would increase. We made a plan to remove bul-
lets through surgical treatment. On the day of the surgery, his 
blood lead level was 3.5 μg/dL. Since many foreign bodies were 
identified in the clivus, it would be very difficult to access foreign 
bodies with a general craniotomy. Thus, we planned to remove 
them through an endoscopic transnasal transclival approach. 
The location of foreign bodies was confirmed using navigation 
during preoperative preparation and surgery (Fig. 2). We had ac-
cess to the clivus under both microscopic and endoscopic fields 
of view. The endoscope was entered by accessing the mucosal 
layer through the nose. We confirmed that it was easy to remove 
foreign bodies using both hands by securing sufficient corridor 
(Fig. 3). Since the bullet was made of lead, the strength was weak. 
When it was removed with pituitary forceps, it was crushed. It 
was judged that the main bullet had to be removed through en 

bloc. Thus, dissection was performed to expose foreign bodies 
more fully. Foreign bodies could be removed under a microscop-
ic view (Fig. 4). A bullet with a size of 1 cm was removed. In ad-
dition, small foreign bodies identified in the surgical field were 
removed as much as possible (Fig. 5). Postoperative radiologic 
findings confirmed that there were almost no foreign bodies left. 
His blood lead level was found to be 3.8 μg/dL on postoperative 
2nd day and 3.6 μg/dL on postoperative 7th day. On the 19th day 
of admission, the patient was discharged without any signs or 
specific neurological symptoms. On the 67th day of the accident, 
blood lead level performed at the outpatient clinic showed no 
further increase to 3.7 μg/dL. The patient had no specific symp-
toms. 

This study was approved by the Institutional Review Board of 
Pusan National University Hospital as a retrospective investiga-
tor-initiated trial (No. 2209-018-119). The Institutional Review 
Board waived the need for informed consent due to the retro-
spective nature of the study. 

DISCUSSION 

Bullets can cause thermal and penetrating injuries due to impact 
velocities greater than 120 m/sec. Injuries by bullets have higher 
morbidity and mortality than normal penetrating wounds [7]. 
When a patient has a CGI, they should be quickly transported to 
an institution where appropriate treatment can be performed. 
After hospitalization, neurological evaluations including vital 
sign check and correction should be performed without any de-
lay. Entry-exit points of the bullet must be checked through a 
physical examination. After the patient's state is stable, a neuro-
image workup should be performed to determine whether and 
how to perform surgical treatment. Through radiologic findings, 
damage to the brain parenchyma, hemorrhage, the location and 
trajectory of the bullet, fracture of the skull, bone fragments pen-
etrated into the brain, and vessels injuries should be checked. In 
emergency situations, CT and CT angiography are appropriate 
[8]. However, there are restrictions on the use of magnetic reso-
nance imaging because movement of ferromagnetic materials by 
magnetic resonance imaging can cause additional damages [9]. 

Treatment goals of CGI include immediate lifesaving through 
bleeding and cerebral decompression, prevention of infection 
through extensive removal of contaminated, damaged, or isch-
emic tissue, preservation of nervous tissue through prevention of 
meningocerebral scars, and anatomical structure restoration 
through sealing of dura mater and scalp [8]. Tsuei et al. [10] have 
proposed an algorithm for treating CGI based on Glasgow Coma 

Fig. 1. Foreign bodies within clivus on sagittal section of the comput-
ed tomography.
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Scale (GCS), pupillary reflexes, and results of CT scan to deter-
mine whether or not to operate. 

In this case, the patient's level of consciousness was alert with 
GCS 15. He had no symptoms such as infection or cerebrospinal 
fluid leakage. Bullets were fixed within a solid strong bone struc-
ture, clivus. We were contemplated about whether to remove it. 
After hospitalization, blood lead level should be checked. If it is 
increased, the decision to remove bullets should be made. In the 
United States, blood lead level of normal adults is known to be 
0.92 μg. Blood lead level is recommended to be less than 5 μg 
[11]. It was confirmed that his blood lead level was increased 

compared to his initial level. Thus, it was determined that surgi-
cal removal was necessary. A potential complication of remain-
ing bullet fragments is lead poisoning defined as blood lead level 
above 3.5 μg/dL [12]. There are several case reports suggesting 
lead poisoning due to remaining bullet fragments in the soft tis-
sue [13,14]. Since it has been reported that remaining bullets 
could cause lead poisoning, we decided that removal of bullets 
was absolutely necessary in this case. It is known that remaining 
bullets within highly vascular tissues such as bone are more likely 
to cause lead poisoning [15]. 

Since the clivus is located deep without intracranial foreign 

Fig. 2. Confirming locations of foreign bodies using a naviagation system. When the patient’s surface is (A) pointed with the indicator using the 
navigation system, the location of the foreign bodies can be confirmed in the (B) sagittal, (C) coronal, and (D) axial sections.
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Fig. 3. Removal of anterior wall of clivus with a high-speed drill un-
der endoscopy.

Fig. 4. Main bullet was removed in en bloc by pituitary forceps under 
the microscope.

Fig. 5. Total removal of the foreign bodies.

body, hematoma, or injuries, it was judged that an endoscopic 
transnasal transclival approach was better than a general craniot-
omy approach. We performed surgery under the navigation to 
determine the more precise location of small fragments. Based 
on class III evidence, surgical debridement of the projectile tra-
jectory is not recommended [3]. The major bullet was removed 
through a microscopic view and an endoscopic view. Even small 

fragments were removed by maximal curettage at a position that 
could be confirmed by navigation. 

We report a case of surgical treatment of a CGI caused by lead 
bullets. This is the first report about a missile injury from the 
submandibular area to clivus. Since CGI is generally accompa-
nied by neural damage due to anatomical location, a careful eval-
uation of accompanying intracranial injuries such as hematoma 
and vascular system along with an appropriate surgical method is 
required. In particular, multidisciplinary treatment is recom-
mended to safely remove foreign body and minimize complica-
tions and neurological sequelae. For a CGI caused by a bullet, se-
rum lead level must be checked. If it is elevated, surgical removal 
is required. In addition, foreign body of the clivus should be re-
moved vigorously under an endoscopic transnasal transclival ap-
proach. 
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INTRODUCTION 

According to the Schaefer-Fuhrman classification of laryngeal 
trauma, cricotracheal separation is classified as a grade 5 injury, 
which is the most severe type [1]. It is not frequently encoun-
tered; therefore, clinicians have limited experience in its manage-
ment. In Malaysia, only four cases of complete cricotracheal sep-
aration have been reported, all of which were managed in the 
capital city of the country [2–4]. No cases have been reported 
from the east coast region. 

A case report of complete cricotracheal separation: an 
experience from the east coast of Malaysia  
Atikah Rozhan, MBBS1 , Adam Mohamad, MMED2 , Khairul Azhar M. Rajet, MMED2 , Mohd Zaki Ahmad, MMED2 , 
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Complete cricotracheal separation, which is the most severe type of laryngeal trauma, is an uncom-
monly seen injury that clinicians have limited experience in managing. However, it is potentially fa-
tal. Due to limited exposure to this condition, mismanagement can occur, which may further aggra-
vate the patient’s condition. The most crucial part of managing this injury is to establish a secure 
airway. Tracheostomy under local anesthesia is the preferred method of airway stabilization, in or-
der to avoid further injuries to the airway caused by endotracheal intubation. Here, we discuss the 
management of complete cricotracheal separation based on a case experienced in the east coast re-
gion of Malaysia, where this type of injury is rarely encountered. 

Keywords: Cricotracheal separation; Laryngeal trauma; Airway injury; Laryngeal repair; Case re-
ports  
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CASE REPORT 

A 28-year-old male patient was brought into the casualty de-
partment after he was found in a car that had hit a divider. The 
patient was fully conscious but was unable to recall the details 
of the accident. He had difficulty breathing and dysphonia but 
no stridor or hemoptysis. There was subcutaneous emphyse-
ma that extended from the neck down to the chest and bilater-
al upper limbs. There was no bruising or laceration of the neck. 
The laryngeal framework was not palpable due to the neck 
swelling. His oxygen saturation ranged between 88% and 92% 
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on a high-flow mask, and he was tachycardic with stable blood 
pressure. 

In view of airway compromise, the patient was intubated. 
During the first intubation, the vocal cords and epiglottis were 
noted to be edematous. Intubation was done using a 7.5-mm en-
dotracheal tube (ETT). Postintubation, the oxygen saturation 
was only around 82% to 86% on manual bagging. The position of 
ETT was checked and reintubation was performed two more 
times with a 7.0-mm ETT before he was finally able to achieve 
100% saturation. A chest X-ray showed a right third rib fracture 
with bilateral pneumothorax.  

Computed tomography of the neck showed massive subcuta-
neous emphysema, with the possibility of loss of the first to third 
tracheal rings and fracture of the lateral lamella of cricoid plate 
(Fig. 1). The patient was then referred to the otorhinolaryngolo-
gy department for laryngeal trauma. He was started on intrave-
nous dexamethasone (8 mg, three times daily) and was admitted 

to the intensive care unit. On day 2 posttrauma, he underwent 
neck exploration, tracheostomy, direct laryngoscopy, and tra-
cheobronchoscopy. 

Intraoperatively, upon separating the strap muscles, the pre-
tracheal fascia was bulging, suggesting an air-filled cavity. Inci-
sion of the fascia immediately exposed an ETT that clearly was 
not within the tracheal lumen. The trachea had been complete-
ly avulsed from the cricoid cartilage and retracted inferiorly by 
the trauma (Fig. 2). There was a displaced fracture of the left 
cricoid arch (Fig. 3). The thyroid gland was severed in half, 
where the left lobe was pulled down together with the retracted 
trachea, exposing the esophagus, which was intact. Neither re-
current laryngeal nerve was identified. The fractured cricoid 
fragment was repositioned and sutured with Dafilon 2/0 (B. Braun, 
Petaling Jaya, Selangor, Malaysia). Anastomosis of the cricoid and 
trachea was done primarily using interrupted sutures with Da-
filon 2/0, leaving a window that just sufficed for placement of a 
tracheostomy tube. Bilateral tracheal stay sutures were placed 
(Fig. 4). Finally, the chin was sutured to the upper chest to keep 
the neck flexed. 

Postoperatively, the patient was kept on a nil-by-mouth regi-
men. Feeding was done via a nasogastric tube and a proton 
pump inhibitor was started. He was slowly weaned from sedation 

Fig. 1. Sagittal view of the neck computed tomography showing 
loss of the first to third tracheal rings with an endotracheal tube in 
situ (arrow). [1] indicates the length of the tracheal defect (3.80 cm) 
caused by separation.

Fig. 2. Immediate exposure of the endotracheal tube (arrow) after in-
cising the pretracheal fascia. The tracheal rings are not in view as they 
had avulsed inferiorly.
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ryngotracheoscopy showed an intact and patent cricotracheal 
airway with sutures in situ. No granulation tissue was noted. 
Flickering of the bilateral vocal cords was seen. 

The patient recovered well after the second surgery and was 
able to wean off his nasogastric tube. He had no aspiration symp-
toms after consuming substances orally. He was able to phonate 
when the tracheostomy tube was occluded and had a good cough 
reflex. He was discharged home on tracheostomy. At the time of 
writing, he is awaiting his first outpatient follow-up visit. We are 
expecting excellent recovery and good vocal cord movement, as 
he did not show signs of vocal cord immobility prior to dis-
charge. However, the risk of subglottic stenosis should still be an-
ticipated. 

The patient provided written informed consent for publication 
of the research details and clinical images.

DISCUSSION 

Laryngeal injuries are uncommon and account for only 1% of all 
trauma cases [2]. An even more uncommon subset of laryngeal 
injuries is cricotracheal separation. In Malaysia, only four cases of 
complete cricotracheal separation have been published, and none 
from the east coast region. Although rare, they can be fatal. La-
ryngeal injuries caused by external factors can be due to pene-
trating, blunt, and blast injuries [5]. In cases of mild injuries with 
airway compromise, it is found that intubation potentially wors-
ens the severity, with possible separation of weak airways by the 
ETT [5]. 

Patients with laryngeal injuries commonly have dysphonia, 
subcutaneous emphysema, stridor, and respiratory distress. Cri-
cotracheal separation typically occurs due to “clothesline” injuries 
where the patients normally display external signs, such as ecchy-
moses or marks around the neck [6]. Interestingly, in our patient, 
there were no external signs suggesting a laryngeal injury. Due to 
the absence of these signs, the diagnosis of laryngeal injury might 
have been missed during the initial evaluation. The subcutane-
ous emphysema might have been thought to be secondary to 
pneumothorax; hence, intubation was performed without ruling 
out airway injury. It is important to note, however, that subcuta-
neous emphysema confined to the neck is a distinct feature of 
airway discontinuity. 

In patients with airway compromise, tracheostomy under local 
anesthesia is advocated [2]. This is to prevent any further damage 
to the laryngotracheal framework caused by intubation injuries, 
which include avulsion of the endolaryngeal mucosa and disrup-
tion of a fragile airway by the ETT [7–9]. There is a possibility 

Fig. 3. Fracture of the left cricoid arch (black arrow). The endotrache-
al tube had been partially withdrawn until the level of the vocal cords, 
exposing an intact esophagus (white arrow). A tracheostomy tube 
had been placed just above the avulsed trachea.

Fig. 4. Successful primary anastomosis of the cricotracheal airway 
with stay sutures in situ. Note the high tracheotomy done using the 
preexisting defect.

within 2 weeks to avoid vigorous movements of the neck. On day 
14 postoperatively, a second-look procedure was done. Direct la-
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that our patient had only sustained a minor laryngeal injury ini-
tially, but the injury was aggravated by intubation. Although his 
airway was successfully secured, this caused worsening of em-
physema and possibly, the complete cricotracheal separation. 
However, these are only postulations since no endoscopic exam-
ination or imaging was done prior to intubation. 

In stable patients, a flexible laryngoscopy can be performed to 
assess the patency of the airway, vocal fold mobility, and integrity 
of the larynx. However, these findings correlate poorly with the 
severity of the injury [9]. Similar to flexible laryngoscopy, imag-
ing of the neck should only be performed following airway stabi-
lization. CT imaging is valuable in conditions where oedema or 
hematoma makes it difficult to observe the continuity of the en-
dolarynx and trachea [5]. These procedures give additional infor-
mation to assist in management decisions. 

According to Holinger and Johnston [10] and Curtin et al. 
[11], fractures of the larynx should be treated just as fractures 
anywhere else in the body; that is, the parts should be restored to 
as nearly normal positions as possible and splinted in their func-
tional position. The aim of surgical management is airway pres-
ervation, prevention of secondary sequelae of healing, and resto-
ration of laryngeal functions [12]. In cricotracheal separation, the 
standard of care is emergency tracheostomy, neck exploration, 
and immediate reconstruction [13]. The general agreement is 
that surgical exploration should be done within 24 hours after in-
jury [5], although Maran et al. [13] defined “early” as within 1 
week after injury. However, both airway and voice outcomes 
decline with further delay of surgical intervention. Chronic se-
quelae of laryngeal trauma include poor voice quality, recurrent 
granulation tissue formation, airway stenosis, and chronic aspi-
ration [14]. 

In conclusion, laryngeal injuries should be managed with ex-
treme caution as they are potentially fatal. A high index of sus-
picion should be given to any patients presenting with subcuta-
neous emphysema of the neck. The primary aim is to establish 
a secure airway. The decision of whether or not to perform en-
dotracheal intubation should be made promptly but only after 
thorough deliberation. In a partially transected airway, blind 
endotracheal intubation must always be avoided as it can lead 
to complete cricotracheal separation. Early repair of laryngeal 
injuries is advocated as it leads to better voice and airway out-
comes. 
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Gastric necrosis after gastric artery embolization in a 
patient with blunt abdominal trauma: a case report 
Gil Hwan Kim, MD , Sung Jin Park, MD , Chan Ik Park, MD  

Department of Trauma and Surgical Critical Care, Pusan National University Hospital, Busan, Korea 

Gastric artery bleeding after blunt trauma is rare. In such cases, if vital signs are stable, angiographic 
embolization may be performed. Although gastric artery embolization is known to be safe due to its 
anatomical properties, complications may occur. We report a case of gastric necrosis after gastric ar-
tery embolization in a patient with blunt abdominal trauma. The 55-year-old male patient was 
found with gastric arterial bleeding after a traffic accident. His vital signs were stable, and gastric ar-
tery embolization was performed. Gastric necrosis was subsequently found, which was treated sur-
gically. 
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INTRODUCTION 

Gastric arterial bleeding due to blunt trauma is uncommon [1]. 
However, if diagnosis or treatment is delayed, the bleeding can 
progress to a massive hemorrhage and cause death. Recently, an-
giographic embolization (AE) has been widely used for treatment 
of either intraabdominal hemorrhage that occurs spontaneously 
or is caused by trauma [2]. In particular, AE of solid organs or 
upper gastrointestinal bleeding above the Treitz ligament has 
been performed [3]. Although gastric artery embolization (GAE) 
is relatively safe, it is not without complications. We describe a 
case of patient with blunt abdominal trauma and stomach necro-
sis after left GAE. 

CASE REPORT 

A 55-year-old male patient with no specific medical history other 

than hypertension who was a truck driver was transferred to the 
trauma center of Pusan National University Hospital after a traf-
fic accident with another truck. His initial vital signs were unsta-
ble, with systolic blood pressure of 60 mmHg and a Glasgow 
Coma Scale score of 13. Shortly after injection of 500 mL of plas-
ma solution and 1 unit of packed red blood cells transfusion 
during resuscitation, his vital signs improved, and computed to-
mography (CT) was performed for evaluation. On contrast-en-
hanced abdominal CT, contrast extravasation in the hepatogas-
tric ligament and an intramural hematoma of the stomach were 
observed (Fig. 1). Additionally, tiny subdural hematoma, fore-
head laceration, and right femur shaft fracture were accompa-
nied; the Injury Severity Score was 27. His vital signs remained 
stable, and GAE was performed for hemorrhage control (Fig. 2). 
The patient’s mental status improved, and he was alert. Follow-up 
abdominal CT was performed after 1 week without the patient 
experiencing any abdominal symptoms. On CT, the bleeding was 
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Fig. 1. Initial abdominal computed tomography showing contrast 
extravasation in the hepatogastric ligament (arrow) and intramural 
hematoma of the stomach (asterisk).

Fig. 2. Angiography was performed. (A) Celiac trunk angiography showing anatomy of the left gastric artery (arrow). (B) Contrast blush was ob-
served in the left gastric artery (asterisk).

well controlled, and embolic material of the surrounding stom-
ach wall was observed (Fig. 3). Intramural hematoma remained, 
and enhancement of gastric mucosa was reduced, so endoscopy 
was performed. The endoscopy showed gastric mucosal necrosis 
in two places (Fig. 4). We decided to perform surgical treatment. 
The necrotic lesions were observed grossly in the surgical field, a 
wedge resection of stomach while visually checking mucosa and 
serosa and manual repair was performed. The patient was subse-
quently discharged after he was able to eat without complications 

Fig. 3. Follow-up computed tomography still showing embolic ma-
terial of the surrounding stomach wall (arrow) and the remaining 
intramural hematoma (asterisk).

AA BB

related to surgery. 
This study was approved by the Institutional Review Board of 

Pusan National University Hospital (No. 2209-004-118). The In-
stitutional Review Board waived the requirement to obtain in-
formed consent. 

DISCUSSION 

Compared with solid organ injuries, gastric arterial bleeding due 
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to blunt abdominal trauma is rare. This bleeding is usually diag-
nosed by abdominal CT or during surgery [4]. Since intraab-
dominal hemorrhage is noncompressible, delayed bleeding con-
trol can lead to massive bleeding, which can be fatal [1]. 

Recently, for nonvariceal upper gastrointestinal bleeding above 
the Treitz ligament, AE has become the preferred treatment and 
is performed as frequently as endoscopic hemostasis [3]. In gas-
tric arterial bleeding other than that associated with solid organ 
injury in patients with abdominal trauma, GAE can be consid-
ered prior to surgical treatment if patient’s vital signs are stable 
[5]. Of course, if the vital signs are unstable, surgical treatment 
should be performed first. 

GAE can be performed relatively safely because of the anatom-
ical characteristic of abundant blood flow around the stomach 
[6]. Therefore, stomach necrosis is uncommon even with GAE, 
so the procedure is relatively safe [7]. However, complications, 
such as bleeding, perforation, necrosis, vascular damage, and side 
effects of contrast agents, may occur [3]. In the case of trauma, 
especially blunt trauma, collateral blood vessels may be simulta-
neously damaged, which may increase the likelihood of develop-
ing stomach necrosis. Therefore, more caution is needed in pa-
tients with trauma than in those experiencing spontaneous or ul-
cerative bleeding. This additional caution requires that necrosis 
or delayed perforation be suspected and checked. A continuous 
physical examination is important, and follow-up CT can be per-
formed if necessary. Even knowing that complications can occur, 
they are often overlooked if there are no symptoms or specific 
findings in the physical examination and laboratory tests. In this 

Fig. 4. Endoscopy showing gastric mucosal necrosis in two different 
places (asterisk).

case, the patient had no abnormal findings on abdominal exam-
ination and laboratory tests, but mucosal injury was suspected on 
the initial CT, so follow-up CT and endoscopy were performed. 
Fortunately, his stomach necrosis was found, and surgical treat-
ment was possible. Although necrosis can be due to direct trau-
ma, in this case, necrosis was observed in two different places, 
and considering the surrounding embolic material on CT imag-
es, we judged the necrosis to have been caused by the previous 
embolization. As this case illustrates, in cases of partial necrosis 
of the stomach, there may be no abnormal findings, such as pa-
tient symptoms or in laboratory tests, so endoscopic evaluation 
might be required. If stomach necrosis is detected, surgical treat-
ment should be considered, as in our case. 

GAE is considered less invasive than surgical treatment and 
safe, so it is widely used for bleeding control [8]. However, the 
possibility of complications should always be kept in mind and if 
there is even the slightest suspicion, an active evaluation is 
strongly recommended. 
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Nonoperative management of colon and mesocolon 
injuries caused by blunt trauma: three case reports  
Naa Lee, MD , Euisung Jeong, MD , Hyunseok Jang, MD , Yunchul Park, MD , Younggoun Jo, MD , Jungchul Kim, MD  

Division of Trauma, Department of Surgery, Chonnam National University Hospital, Chonnam National University Medical School, Gwangju, Korea 

The therapeutic approach for colon injury has changed continuously with the evolution of manage-
ment strategies for trauma patients. In general, immediate laparotomy can be considered in hemo-
dynamically unstable patients with positive findings on extended focused assessment with sonogra-
phy for trauma. However, in the case of hemodynamically stable patients, an additional evaluation 
like computed tomography (CT) is required. Surgical treatment is often required if prominent mes-
enteric extravasation, free fluid, bowel infarction, and/or colon wall perforation are observed. How-
ever, immediate intervention in hemodynamically stable patients without indications for surgical 
treatment remains questionable. Three patients with colon and mesocolon injuries caused by blunt 
trauma were treated by nonoperative management. At the time of admission, they were alert and 
their vital signs were stable. Colon and mesocolon injuries, large hematoma, colon wall edema, and/
or ischemia were revealed on CT. However, no prominent mesenteric extravasation, free fluid, bowel 
infarction, and/or colon wall perforation were observed. In two cases, conservative treatment was 
performed without worsening abdominal pain or laboratory tests. Follow-up CT showed improve-
ment without additional treatment. In the third case, follow-up CT and percutaneous drainage were 
performed in considering the persistent left abdominal discomfort, fever, and elevated inflammato-
ry markers of the patient. After that, outpatient CT showed improvement of the hematoma. In con-
clusion, nonoperative management can be considered as a therapeutic option for mesocolon and co-
lon injuries caused by blunt trauma of selected cases, despite the presence of large hematoma and 
ischemia, if there are no clear indications for immediate intervention. 
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INTRODUCTION 

The therapeutic approach for colon and mesocolon injuries have 
changed continuously with the evolution of management strate-
gies for trauma patients. However, there is ongoing debate re-
garding the therapeutic approach for blunt trauma. In general, 

immediate laparotomy can be considered in hemodynamically 
unstable patients with positive findings on extended focused as-
sessment with sonography for trauma (eFAST) [1]. However, in 
the case of hemodynamically stable patients, an additional evalu-
ation is required [2]. Surgical treatment is often required if prom-
inent mesenteric extravasation, free fluid, bowel infarction, and/
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or colon wall perforation are observed on computed tomography 
(CT) [2]. Except for the above cases, nonoperative management 
is more often used and may be appropriate [3]. However, there 
are no clear guidelines for other colon and mesocolon injuries 
caused by blunt trauma. The blunt trauma causes serosal tears 
and devascularization of the colon without any findings that re-
quires immediate treatment during initial evaluation, and it can 
eventually progress to bowel infarction or perforation [4]. There-
fore, surgical intervention is considered necessary when hypoen-
hancement of the bowel wall is observed. However, immediate 
intervention in hemodynamically stable patients without promi-
nent perforation or necrosis remains questionable [5]. 

In this study, we present several cases of nonoperative manage-
ment of colon and mesocolon injuries caused by blunt trauma. 
The study was exempted from review by the Institutional Review 
Board of Chonnam National University Hospital due to minimal 
risk to subjects (No. CNUH-EXP-2021-284). Written informed 
consents were obtained from the patients.

CASE REPORTS 

Case 1 
A 67-year-old male patient was brought to the emergency de-
partment via a local hospital with a headache, chest, and abdomi-

nal pain caused by a traffic accident while walking. At the time of 
admission, the patient was alert, and his vital signs were stable, 
and left lower quadrant abdominal tenderness was noted. The 
patient is a known diabetic and has been under medications for 
20 years with no other medical history. The results of laboratory 
investigations were as follows: white blood cell count, 20.2× 103/
uL (4.8× 103/uL–10.8× 103/uL); hemoglobin, 11.1 g/dL (12¬–18 
g/dL); and lactate, 4.79 mmol/L (0.5–2.2 mmol/L). C-reactive 
protein (CRP) level was within normal limits. Radiological inves-
tigations revealed acute subdural hemorrhage, acute subarach-
noid hemorrhage, fracture in the left transverse process of the L2 
vertebra, left kidney injury, and fracture in the right superior wall 
of the orbit. The Injury Severity Score (ISS) was 13. CT scan per-
formed 2 hours posttrauma at a local hospital revealed extravasa-
tion and a hematoma in the descending mesocolon (Fig. 1A). 
However, the patient's vital signs were stable. CT was repeated 5 
hours posttrauma. There was no extravasation; however, isch-
emia in the splenic flexure of the colon could not be ruled out, 
and there was a diffuse edematous wall thickening in the de-
scending colon and splenic flexure with hematoma of the meso-
colon. 

Abdominal pain was monitored continuously, and the patient 
began to drink water on the 1st day posttrauma, and ate liquid 
diet on the 2nd day. Conservative treatment was performed 

Fig. 1. Computed tomography scan performed (A) 2 hours and (B) 7 weeks posttrauma. (A) Extravasation (arrow) and a hematoma in the de-
scending mesocolon. (B) A small amount of hematoma in the descending mesocolon (arrow).
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without worsening abdominal pain or laboratory investigations. 
CT scan performed on the 10th day posttrauma revealed absorp-
tion of the hematoma without any deterioration, infarction, or 
perforation. Subsequently, CT scan performed 7 weeks posttrau-
ma in the outpatient department revealed a small amount of he-
matoma and mild soft tissue stranding in the descending meso-
colon (Fig. 1B). 

Case 2 
A 73-year-old male patient was brought to the emergency de-
partment via a local hospital with abdominal pain caused by fall-
ing over and bumping into a brick. At the time of admission, the 
patient was alert, and his vital signs were stable, and lower ab-
dominal tenderness was noted. The patient is a known hyperten-
sion and has been under medication for 10 years. In addition, he 
was prescribed aspirin before 13 years due to stroke and contin-
ues to take the drug. The results of laboratory investigations were 
as follows: white blood cell count, 14.8 × 103/uL (4.8 × 103/uL–
10.8× 103/uL); hemoglobin, 12.2 g/dL (12–18 g/dL); lactate, 2.49 
mmol/L (0.5–2.2 mmol/L); and CRP, 0.38 mg/dL (0–0.3 mg/dL). 
CT scan performed 4 hours posttrauma at a local hospital re-
vealed a site suspected of ischemia and diffuse wall thickening in 
the sigmoid colon, and hematoma in the mesocolon with a cir-
cumference of 11 cm (Fig. 2A). He had no other injuries except 

intraabdominal injury. The ISS was 4. 
Abdominal pain was monitored continuously, and the patient 

began to drink water on the 1st day posttrauma, ate liquid diet on 
the 3rd day, and took aspirin on the 6th day. Conservative treat-
ment was performed without worsening abdominal pain or labo-
ratory investigations. CT scan performed on the 13th day posttrau-
ma revealed absorption of the hematoma without any deteriora-
tion, infarction, or perforation. Subsequently, CT scan performed 7 
weeks posttrauma in the outpatient department revealed a small 
2.7-cm hematoma in the sigmoid mesocolon (Fig. 2B).  

Case 3 
A 48-year-old male patient was brought to the emergency de-
partment via a local hospital with abdominal pain caused by col-
lision with another vehicle while investigating the scene of a traf-
fic accident. At the time of admission, the patient was alert, and 
his vital signs were stable, and left side abdominal tenderness was 
noted. The patient did not report any medical history. Radiologi-
cal investigation revealed fracture of the ninth rib on the left side. 
The results of laboratory investigations were as follows: white 
blood cell count, 8.2 × 103/uL (4.8 × 103/uL–10.8 × 103/uL); he-
moglobin, 12.9 g/dL (12–18 g/dL); lactate, 1.63 mmol/L (0.5–2.2 
mmol/L); and CRP, 1.14 mg/dL (0–0.3 mg/dL). CT scan per-
formed 2 hours posttrauma at a local hospital revealed diffuse 

Fig. 2. Computed tomography scan performed (A) 4 hours and (B) 7 weeks posttrauma. (A) Ischemia and diffuse wall thickening in the sigmoid 
colon (arrow) and hematoma in the mesocolon with a circumference of 11 cm. (B) A 2.7-cm hematoma in the sigmoid mesocolon (arrow).
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wall thickening in the splenic flexure and descending colon, and 
traumatic injury of the descending mesocolon with a hematoma 
measuring 13 cm (Fig. 3A). The ISS was 5. 

Abdominal pain was monitored continuously, and the patient 
began to drink water on the 5th day posttrauma. Conservative 
treatment was performed without worsening abdominal pain or 
laboratory tests. CT scan performed on the 8th day posttrauma 
showed a slightly absorbed hematoma without any deterioration, 
infarction, or perforation of the colon. 

Subsequently, the patient developed fever at the nighttime of 
16th day posttrauma and complained of left side abdominal dis-
comfort. The results of laboratory investigations were as follows: 
white blood cell count, 6.5× 103/uL (4.8× 103/uL– 10.8× 103/uL; 
neutrophils, 88.9%) and CRP, 10.57 mg/dL (0–0.3 mg/dL). Oral 
intake was withheld and piperacillin/tazobactam was started un-
der close observation. To evaluate the cause of fever, abdominal 
CT scan was performed, which revealed more liquefaction and 
loculation of the hematoma measuring 7 cm and improvement 
in the traumatic injury of the descending mesocolon (Fig. 3B). 
However, considering the persistent left abdominal discomfort, 
fever, elevated inflammatory markers, and no other obvious 
cause of fever, percutaneous drainage was performed. Percutane-
ous drainage of the hematoma was done under fluoroscopy using 
an 8.5F catheter on the 18th day posttrauma. The pattern of 
drained fluid was dark red (old bloody), and the body fluid cul-
ture test reported no growth. The vital signs of the patient were 
stable without fever and improvement was observed in the in-
flammatory markers. The drainage catheter was maintained and 
removed after 7 days. Piperacillin/tazobactam was used for 9 

days. Subsequently, CT scan performed 2 months posttrauma in 
the outpatient department revealed reduction in the size of the 
hematoma in the descending mesocolon to 2.8 cm (Fig. 3C). 

DISCUSSION 

The most common mechanism of injury in Korea is blunt injury 
(90.8%), as well as slip and fall down injuries (31.1%), vehicle 
associated accident (26.2%), and others [6]. Blunt abdominal 
trauma can cause intraabdominal organ injury. The intestines 
are the third most commonly injured organs in blunt trauma 
[7]. Small bowel injury accounts for 5% to 15% and colon inju-
ry accounts for 1% to 5% of blunt trauma cases [7,8]. In blunt 
trauma, patients with unstable vital signs and positive eFAST 
signs commonly require immediate intervention [1]. CT evalu-
ation can be done in patients with stable vital signs. In colon 
and mesocolon injuries, specific findings on physical examina-
tion or CT, such as extraluminal fluid collection, discontinuity 
of the bowel wall, pneumoperitoneum, or bowel infarction, are 
indications for immediate intervention [9]. However, deci-
sion-making is often challenging in patients with colon and 
mesocolon injuries as there is no clear indications for surgical 
treatment [4,5]. 

There is currently no clear treatment guideline for the intesti-
nal and mesenteric injury. For hollow viscus organ injury, there is 
a risk of increased morbidity and mortality when operation is de-
layed. Considering this, exploratory laparotomy had been per-
formed in all cases of intestinal and mesenteric injury. However, 
there were many cases that surgery was not necessary in the end, 

Fig. 3. Computed tomography scan performed (A) 2 hours, (B) 18 days, and (C) 2 months posttrauma. (A) Diffuse wall thickening in the splenic 
flexure (arrow) and descending colon, and traumatic injury of the descending mesocolon with a hematoma. (B) Liquefaction and loculation of 
the hematoma (arrow) and improvement in the traumatic injury of the descending mesocolon. (C) Reduction in the size of the hematoma in the 
descending mesocolon (arrow).
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and the incidence was up to 44% for intestinal lesions and up to 
31% for mesenteric lesions [3]. As a result, nonoperative manage-
ment is being used more frequently and may be appropriate for 
hemodynamically stable patients without perforation or peritoni-
tis [3]. Treatment trend is changing. In this case report, it is 
meaningful to introduce cases that nonoperative management 
could be performed even for colon ischemia and large hematoma 
of mesocolon on CT. 

In the case of acute bowel ischemia with submucosal edema 
and a shaggy contour rather than bowel infarction, as our cases, 
nonoperative management can be performed if the mesenteric 
vessels are maintained [10]. However, as described above, bowel 
infarction is an immediate indication for laparotomy. Aggrava-
tion of pain and distension of abdomen or positive signs of peri-
tonitis such as muscle guarding or rebound tenderness could in-
dicate a worrisome situation such as progression to bowel infarc-
tion or perforation. In addition, vital signs and results of labora-
tory investigations are crucial and further evaluation options 
should be considered. The presence of devascularization and he-
matoma may lead to infarction and perforation; therefore, the 
therapeutic approach is decided based on the mechanism of inju-
ry, vital signs, symptoms, physical exam, laboratory investiga-
tions, and radiological investigations of the patient. In addition, 
the treatment plan can be changed according to the change of the 
patient's condition. The outcomes of the aforementioned cases 
suggest that nonoperative management could be a therapeutic 
option in patients with colon ischemia and mesocolon injuries 
with close monitoring. Moreover, this approach can be consid-
ered in cases of splenic flexure which is known as the watershed 
area and susceptible to ischemia, as reported in one of the afore-
mentioned patients. 

The nonoperative management of solid organ in trauma pa-
tient is a continuing trend [11]. Treatment for intestinal and mes-
enteric injury is also shifting towards nonoperative management 
unless there is an immediate indication for laparotomy [3]. By 
considering nonoperative management, nontherapeutic laparot-
omy can be reduced, and it can reduce the patient's pain and cost 
due to unnecessary laparotomy, as well as reduce morbidity such 
as mechanical ileus, hernia, and infection [12]. 

However, in the event of worsening of the patient's vital signs 
or abdominal pain or an increase in the white blood cell count, 
additional investigations should be considered immediately 
[13,14]. In particular, additional evaluation should be consid-
ered in unconscious patients in case of any change in vital signs 
[15]. It is important to consider the benefits of nonoperative 
management to the patient and the delay in surgical interven-

tion that could increase the rates of morbidity and mortality 
[4,5]. 

Moreover, the long-term outcomes of patients who undergo 
nonoperative treatment should be evaluated. Intraabdominal ab-
scess is one of the complications of nonoperative management of 
blunt trauma. Although many posttraumatic hematomas resolve 
on their own, percutaneous approaches may be useful for thera-
peutic and diagnostic purposes [11]. 

In conclusion, nonoperative management can be considered as 
a therapeutic option for mesocolon and colon injuries caused by 
blunt trauma of selected cases, despite the presence of large he-
matoma and ischemia, if there are no clear indications for imme-
diate intervention. 
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tifying information should not be used. Images of human sub-
jects should not be used unless the information is essential for 
scientific purposes and explicit permission has been given as part 
of the consent. Even where consent has been given, identifying 
details should be omitted if they are not essential. If identifying 
characteristics are altered to protect anonymity, authors should 
provide assurances that such alterations do not distort scientific 
meaning. If consent has not been obtained, it is generally not suf-
ficient to anonymize a photograph simply by using eye bars or 
blurring the face of the individual concerned. If experiments in-
volve animals, the research should be based on national or insti-
tutional guidelines for animal care and use. Original articles sub-
mitted to JTI that address any investigation involving humans or 
animals should include a description about whether the study 
was conducted with the approval from IRB (with or without pa-
tient informed consent) or Animal Care Committee, respectively, 
of the institution at which the study was conducted. JTI may also 
request a documentation of approval from the IRB or the Animal 
Care Committee for other types of articles when necessary. The 
content of each article is the responsibility of the authors and not 
of JTI.

Registration of Clinical Trial Research
Any research that deals with a clinical trial should be registered 
with a primary national clinical trial registration site such as 
CRIS (https://cris.nih.go.kr/cris/index/index.do), or other prima-

ry national registry sites accredited by the World Health Organi-
zation (https://www.who.int/clinical-trials-registry-platform) or 
clinicaltrials.gov (http://clinicaltrials.gov/), a service of the US Na-
tional Institutes of Health.

Conflicts of Interest
A conflict of interest exists when an author (or the author’s insti-
tution), reviewer, or editor has financial or personal relationships 
that inappropriately influence (bias) their actions (such relation-
ships are also known as dual commitments, competing interests, 
or competing loyalties). These relationships vary from being neg-
ligible to having great potential for influencing judgment. Not all 
relationships represent true conflicts of interest. Nevertheless, the 
potential for a conflict of interest can exist regardless of whether 
an individual believes that the relationship affects their scientific 
judgment. Financial relationships (such as employment, consul-
tancies, stock ownership, honoraria, and paid expert testimony) 
are the most easily identifiable conflicts of interest and the most 
likely to undermine the credibility of the journal, the authors, 
and science itself. However, conflicts can occur for other reasons, 
such as personal relationships, academic competition, and intel-
lectual passion (http://www.icmje.org/conflicts-of-interest/). If 
there are any conflicts of interest, authors should disclose them in 
the manuscript. Conflicts of interest may occur during the re-
search process; however, the important point is the disclosure it-
self. Disclosure allows the editors, reviewers, and readers to ap-
proach the manuscript with an understanding of the situation 
under which the research work was performed.

Originality and Duplicate Publication
Manuscripts that are under review or have been published by 
other journals will not be accepted for publication in JTI. Any 
part of the accepted manuscript should not be duplicated in any 
other scientific journal without permission of the Editorial 
Board, although the figures and tables can be used freely if the 
original source is verified according to the Creative Commons 
Attribution License. It is mandatory for all authors to resolve any 
copyright issues when citing a figure or table from another jour-
nal that is not open access.  

Secondary Publication
It is possible to republish a manuscript if it satisfies the condition 
of secondary publication of the Recommendations (http://www.
icmje.org/recommendations/browse/publishing-and-editorial-is-
sues/overlapping-publications.html) by the ICJME. 
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Management of Research and Publication Misconduct
When the journal faces suspected cases of research and publica-
tion misconduct such as redundant (duplicate) publication, pla-
giarism, fraudulent or fabricated data, changes in authorship, un-
disclosed conflicts of interest, ethical problems with a submitted 
manuscript, a reviewer who has appropriated an author’s idea or 
data, or complaints against editors, the resolution process will fol-
low the flowchart provided by the Committee on Publication 
Ethics (http://publicationethics.org/resources/flowcharts). Dis-
cussions and decisions on suspected cases are conducted by the 
Editorial Board.

Editorial Responsibilities
The Editorial Board will continuously work to monitor and safe-
guard publication ethics: provision of guidelines for retracting ar-
ticles; maintenance of the integrity of the academic record; preclu-
sion of business needs from compromising intellectual and ethical 
standards; publication of corrections, clarifications, retractions, 
and apologies when needed; and exclusion of plagiarism and 
fraudulent data. Editors maintain the following responsibilities: 
responsibility and authority to reject or accept articles; confirma-
tion of no conflict of interest with respect to articles they reject or 
accept; publication of corrections or retractions when errors are 
found; and preservation of the reviewers’ anonymity.

EDITORIAL POLICY

Copyright
The copyright of all published materials is owned by the Korean 
Society of Trauma. All authors must sign the Transfer of Copy-
right Agreement when they submit their manuscript. The papers 
will not be published until the copyright transfer is complete.  

Open Access Policy
JTI is an open access journal distributed under the terms of the 
Creative Commons Attribution Non-Commercial License 
(https://creativecommons.org/licenses/by-nc/4.0/) which permits 
unrestricted non-commercial use, distribution, and reproduction 
in any medium, provided that the original work is properly cited. 
Thus, when using the tables or figures of JTI in other journals or 
books for scholarly and educational purposes, permission from 
the publisher of JTI is not necessary. All articles are available on 
the journal’s website to all users immediately upon publication 
and at no cost to readers or authors as JTI is a platinum open ac-
cess journal.

Data Sharing
JTI encourages data sharing wherever possible, unless this is pre-
vented by ethical, privacy, or confidentiality matters. Authors 
wishing to do so may deposit their data in a publicly accessible 
repository and include a link to the digital object identifier (DOI) 
within the text of the manuscript. JTI adheres to the data sharing 
statement policy in ICMJE Recommendations for Clinical Trials 
(http://www.icmje.org/recommendations/browse/publish-
ing-and-editorial-issues/clinical-trial-registration.html). Authors 
may also refer to the editorial, “Data Sharing Statements for Clin-
ical Trials: A Requirement of the International Committee of 
Medical Journal Editors,” in JKMS vol. 32, no. 7:1051-1053 
(https://doi.org/10.3346/jkms.2017.32.7.1051).

Archiving Policy
JTI provides the electronic backup and preservation of access to 
the journal content in the event the journal is no longer pub-
lished by archiving in National Library of Korea (https://www.
nl.go.kr/). Authors can archive publisher’s version/PDF.

Preprint Policy
A preprint can be defined as a version of a scholarly paper that 
precedes formal peer review and publication in a peer-reviewed 
scholarly journal. JTI allows authors to submit preprints to the 
journal. It is not treated as duplicate submission or duplicate 
publication. JTI recommends that authors disclose the exis-
tence of a preprint with its DOI in the letter to the Editor 
during the submission process. Otherwise, a plagiarism check 
program—Similarity Check (Crosscheck) or Copy Killer—may 
flag the results as containing excessive duplication. A preprint 
submission will be processed through the same peer review 
process as a usual submission. If a preprint is accepted for pub-
lication, the authors are recommended to update the informa-
tion on the preprint site with a link to the published article in 
JTI, including the DOI at JTI. It is strongly recommended that 
authors cite the article in JTI instead of the preprint in their 
next submission to journals.

MANUSCRIPT PREPARATION

Manuscripts should be written in English. Medical terminology 
should conform to the most recent edition of Dorland’s Illustrat-
ed Medical Dictionary.

General Principles
•  Word processors and format of manuscript: Manuscripts 
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should be submitted in the file format of Microsoft Word 
2010 or higher. Manuscripts should be typed on an A4-sized 
document, be double-spaced, and use a font size of 10–12 
point with margins of 2 cm on each side and 3 cm for the up-
per and lower ends. We recommend the use of the template 
provided at https://www.jtraumainj.org/authors/authors.php 
when formatting the manuscript.

•  Abbreviation of terminology: Abbreviations should be 
avoided as much as possible. One word should not be ex-
pressed through an abbreviation, although two or more 
words may be expressed through an abbreviation. The full 
term for which the abbreviation stands should be used at its 
first occurrence in the text. Abbreviations should not be 
present in the title. Common abbreviations, such as DNA or 
COVID-19, however, may be used.

•  Units: The use of International Standardized (SI) units is en-
couraged. These are available at https://www.nist.gov/pml/
weights-and-measures/metric-si/si-units.

•  Machines and equipment: When the use of reagents or devic-
es is reported in the text, the name of the manufacturer, city, 
state, and country should be indicated.

•  Statistics: Statistical methods must be described and the pro-
gram used for analysis and its source should be stated.

•  Reporting guidelines for specific study designs: Research re-
ports frequently omit important information. As such, re-
porting guidelines have been developed for a number of 
study designs that some journals may ask authors to follow. 
Authors are encouraged to also consult the reporting guide-
lines relevant to their specific research design. A good source 
for reporting guidelines is the EQUATOR Network (http://
www.equator-network.org/home/) and the US National In-
stitutes of Health/National Library of Medicine (http://www.
nlm.nih.gov/services/research_report_guide.html).

•  Cover letter: The cover letter should inform the Editor that 
neither the submitted material nor portions thereof have 
been published previously or are under consideration for 
publication elsewhere. It should state any potential conflict of 
interest that could influence the authors’ interpretation of the 
data, such as financial support from or connections to phar-
maceutical companies, political pressure from interest groups, 
or academically related issues.

Organization of Manuscript: Original Articles

1. Arrangement of the manuscript: Original articles should be or-
ganized in the order of Title page, Abstract & Keywords, Main 

text (Introduction, Methods, Results, Discussion), References, 
Tables, Figures, and Figure Legends. The title of each new section 
should begin on a new page. Number pages consecutively, begin-
ning with the abstract page. Page numbers should be placed at 
the middle of the bottom of each page.

2. Title page
•  The title page must include the article title, the authors’ 

names (including ORCID), affiliations, corresponding au-
thors’ names and contact information, running title, and dec-
larations.

•  Title: The title should be concise and precise. The first letter 
and proper nouns of the title should be capitalized, as is usu-
ally used at the beginning of a sentence. The title should use 
generic drug names, not brand names.

•  Authors and affiliations: First, middle, and last names should 
be included for each author. If authors are affiliated with mul-
tiple departments and hospitals, affiliations should be ar-
ranged in the order of authors and demarcated with a num-
ber.

•  ORCID: We recommend that the Open Researcher and Con-
tributor ID (ORCID) of all authors be provided. To have an 
ORCID, authors should register on the ORCID website: 
http://orcid.org/. Registration is free to every researcher in the 
world.

•  Corresponding author: The corresponding author’s name, 
address, postal code, telephone number, and e-mail address 
should be included.

•  Running title: A running title of less than 50 characters in-
cluding letters and spaces should be included in English. If 
the included running title is inappropriate, the Editorial 
Board may revise it.

• Notes: 
-  Ethical statements: When reporting experiments with human 

or animal subjects, the authors should indicate whether they 
received approval from the IRB for the study and whether in-
formed consent from the patients was obtained.

-  Conflicts of interest: If there are any conflicts of interest, au-
thors should disclose them in the manuscript. Disclosures al-
low editors, reviewers, and readers to approach the manu-
script with an understanding of the situation and background 
of the completed research. If there are no conflicts of interest, 
authors should include the following sentence: “The authors 
have no conflicts of interest to declare.”

-  Funding: Funding for the research should be provided here. 
Providing a FundRef ID is suggested, including the name of 
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the funding agency, the country, and if available, the number 
of the grant provided by the funding agency. If the funding 
agency does not have a FundRef ID, please ask the agency to 
contact the FundRef registry (e-mail: fundref.registry@cross-
ref.org). A detailed description of the FundRef policy can be 
found at http://www.crossref.org/fundref/.

-  Author contributions: The contributions of all authors must 
be described using CRediT (Contributor Roles Taxonomy; 
https://credit.niso.org/).

-  Acknowledgments: Persons or institutes that contributed to 
the paper but did not meet the criteria for authorship are ac-
knowledged here.

-  If any of the sections are not relevant to the manuscript, 
please include the heading and write “Not applicable.” for that 
section.

3. Abstract & Keywords 
•  All manuscripts should contain a structured abstract. Ab-

stracts should be no more than 300 words in length and must 
have the following headings: Purpose, Methods, Results, and 
Conclusions. The quotation of references must not be includ-
ed in the abstract. 

•  A maximum of five keywords should be listed, immediately 
after the abstract. Each keyword should be separated by a 
semicolon (;). The authors should use MeSH (Medical Sub-
ject Heading; https://meshb.nlm.nih.gov/) terms in their key-
words.

4. Main text
•  Introduction: The Introduction should address the purpose 

of the article concisely and include background reports that 
are relevant to the purpose of the paper.

•  Methods: When reporting experiments with human or ani-
mal subjects, the authors should indicate whether they re-
ceived approval from the IRB for the study and whether in-
formed consent from the patients was obtained. These should 
be written in the first sentence of the Methods. When report-
ing experiments with animal subjects, the authors should in-
dicate whether the handling of animals was supervised by the 
Institutional Board for the Care and Use of Laboratory Ani-
mals. Sufficient details need to be addressed in the methodol-
ogy section of an experimental study so that it can be further 
replicated by others. Ensure correct use of the terms sex 
(when reporting biological factors) and gender (identity, psy-
chosocial, or cultural factors), and, unless inappropriate, re-

port the sex and/or gender of study participants, the sex of 
animals or cells, and describe the methods used to determine 
sex and gender. If the study involved an exclusive population, 
for example in only one sex, authors should justify why, ex-
cept in obvious cases (e.g., prostate cancer). Authors should 
also define how they determined race or ethnicity and justify 
their relevance.

•  Results: Results should be presented in a logical sequence in 
the text, tables, and illustrations, giving the main or most im-
portant findings first. Do not repeat all of the data in the ta-
bles or figures in the text; emphasize or summarize only the 
most important observations.

•  Discussion: Discussion should emphasize the new and im-
portant aspects of the study, including the conclusions. Do 
not repeat the results in detail or other information that is in-
cluded in the Introduction or Results sections. Describe the 
conclusions according to the purpose of the study but avoid 
unqualified statements that are not adequately supported by 
the data. Conclusions may be stated briefly in the last para-
graph of the Discussion section.

5. References
•  References should be obviously related to the document. In 

the text, references should be cited with Arabic numerals in 
brackets, numbered in the order cited. In the references sec-
tion, the references should be numbered and listed in order of 
appearance in the text. 

•  All of the references should be stated in English, including the 
author, title, and the name of the journal. If necessary, the re-
viewers and the Editorial Board may request original docu-
ments of the references. In the References section, journals 
should be abbreviated according to the style used in the list of 
journals indexed in the NLM Journal Catalog (http://www.
ncbi.nlm.nih.gov/nlmcatalog/journals). Journal titles that are 
not listed in the Catalog should follow the ISO abbreviation 
as described in Access to the LTWA (List of Title Word Ab-
breviations; https://www.issn.org/services/online-services/ac-
cess-to-the-ltwa/).

•  The surname should be put before the given name, whose 
first letter is capitalized. All of six or fewer authors should be 
recorded, and if authors are seven or more, “et al.” should be 
put after the first three authors.

•  In principle, the number of references is limited to 30 for 
original articles. Exceptions can be made only with the agree-
ment of the Editor.
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•  The description of the References section is provided below. 
The References follow the NLM Style Guide for Authors, Edi-
tors, and Publishers (http://www.nlm.nih.gov/citingmedicine) 
if not specified below.

• Sample

1.  Yeo KH, Park CY, Kim HH. Abdomino-perineal organ injuries caused 
by cultivators. J Trauma Inj 2015;28:60–6.

2.  Mattox KL, Moore EE, Feliciano DV. Trauma. 7th ed. New York: Mc-
Graw Hill; 2013.

3.  Burlew CC, Moore EE. Emergency department thoracotomy. In: 
Mattox KL, Moore EE, Feliciano DV, editors. Trauma. 7th ed. New 
York: McGraw Hill; 2013. p. 236–50.

4.  World Health Organization (WHO). World health statistics 2021: a 
visual summary [Internet]. Geneva: WHO; 2021 [cited 2021 Feb 1]. 
Available from: https://www.who.int/data/stories/world-health- 
statistics-2021-a-visual-summary.

5.  Sharma N, Sharma P, Basu S, et al. The seroprevalence and trends 
of SARS-CoV-2 in Delhi, India: a repeated population-based se-
roepidemiological study [Preprint]. Posted 2020 Dec 14. medRxiv 
2020.12.13.20248123. https://doi.org/10.1101/2020.12.13.202481
23.

6. Tables
Tables must be numbered in the order in which they are cited in 
the text. Each table must be simple and typed on a separate page. 
Supply a brief title at the top of the table. The titles of tables start 
with “Table 1.” Footnotes should be provided consecutively in or-
der of the information, statistics, and abbreviations. Footnoted 
information should be referenced using superscript lowercase 
letters (e.g., a, b) in alphabetical order.

7. Figures and Illustrations
Authors must submit figures and illustrations as electronic files. 
Images must be provided as TIFF files. JPEG is also acceptable 
when it is the original format. Each figure must be of good quali-
ty, higher than 300 dpi resolution with good contrast and sharp-
ness. Figures must be sized to 4 inches. If possible, submit the 
original file without any modifications.

Submit files of figures and photographs separately from the 
text of the paper. Number figures as “Figure Arabic numeral” 
(e.g., Fig. 1) in the order of their citation. If a figure is divided 
into more than two images, mark each figure with Arabic nu-
merals and a capital letter (e.g., Fig. 1A, B). Authors should sub-
mit line drawings in black and white. Figures should be ex-
plained briefly in the titles. An individual should not be recog-
nizable in photographs or X-ray films provided at the time of 
submission. Radiographic prints must have arrows for clarity if 

applicable. Pathological samples should be pictured with a mea-
suring stick.

8. Figure Legends 
All figures should be described in the text separately. The de-
scription order must be the same as in the footnotes in tables 
and should be in recognizable sentences. In microscopic pic-
tures, staining methods and magnification ratio should be indi-
cated.

Organization of Manuscript: Review articles
1.  The Editorial Board requests review articles of particular titles 

and text. The author can describe text that is not itemized. 
2.  Arrangement of manuscript: Review articles should be orga-

nized in the order of Title page, Abstract (unstructured, under 
250 words) & Keywords, Main text, References, Tables, Fig-
ures, and Figure Legends. 

3.  In principle, the number of references is limited to 100 for re-
view articles. Exceptions can be made only with the agreement 
of the Editor.
 

Organization of Manuscript: Case reports
1.  Case reports describe unique and instructive cases that make 

an important teaching point or scientific observation, novel 
techniques, use of new equipment, or new information on dis-
eases that are of importance to the critical care field. 

2.  For case reports, authors should follow the CARE guidelines 
(https://www.care-statement.org). Authors should upload a 
completed checklist for the CARE guidelines during initial 
submission.

3.  Arrangement of manuscript: Case reports should be organized 
in the order of Title page, Abstract (unstructured, under 250 
words) & Keywords (under five keywords, including “Case 
reports”), Main text (Introduction, Case report, Discussion), 
References, Tables, Figures, and Figure Legends. 

4. Main text:
•  Introduction: Should not be separately divided. Briefly de-

scribe the case and background without a title.
•  Case report: Describe only the clinical findings and manage-

ment steps that are directly related to critical care.
•  Discussion: Briefly discuss the case and state conclusions at 

the end of the case. Do not structure the conclusion section 
separately.

5.  In principle, the number of references is limited to 15 for case 
reports. Exceptions can be made only with the agreement of 
the Editor.  
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Organization of Manuscript: Others
Other publication types such as Editorials, Guidelines, Corre-
spondences, and Brief reports, may be accepted. The recommend-
ed format can be discussed with the Editorial Board.

MANUSCRIPT SUBMISSION AND PEER REVIEW 
PROCESS

Submission Process
Authors are requested to submit their papers electronically using 
the online manuscript submission system available at: https://sub-
mit.jtraumainj.org/. Under this online system, only correspond-
ing authors and first authors can submit manuscripts. The pro-
cess of reviewing and editing will be conducted entirely through 
this system.

Authors and reviewers may check the progress of reviews and 
related questions/answers on this system. The corresponding au-
thors will be notified of all progress in the review process. 

 
Peer Review Process
All submitted manuscripts are screened for duplication through 
Similarity Check (https://crosscheck.ithenticate.com/) before 
review. All contributions (including solicited articles) are criti-
cally reviewed by the Editorial Board members and/or review-
ers. Reviewers’ comments are usually returned to authors. The 
decision of the Editor is final. Manuscripts are sent simultane-
ously to two reviewers for double-blinded peer review. A third 
reviewer will be assigned if there is a discrepancy between two 
reviewers. Authors will receive notification of the publication 
decision, along with copies of the reviews and instructions for 
revision, if appropriate, within 2 months after receipt of the 
submission.

All manuscripts from editors, employees, or members of the 
Editorial Board are processed the same way as other unsolicited 
manuscripts. During the review process, they will not engage in 
the selection of reviewers and decision process. Editors will not 
handle their own manuscripts even if they are commissioned 
ones.

Appeals of Decisions
Any appeal against an editorial decision must be made within 2 
weeks of the date of the decision letter. Authors who wish to ap-
peal against a decision should contact the Editor-in-Chief, ex-
plaining in detail the reasons for the appeal. All appeals will be 
discussed with at least one other associate editor. If consensus 
cannot be reached thereby, an appeal will be discussed at a full 

editorial meeting. The process of handling complaints and ap-
peals follows the guidelines of COPE available from (https://
publicationethics.org/appeals). JTI does not consider second 
appeals.

MANUSCRIPTS ACCEPTED FOR PUBLICATION

Final Version
After a paper has been accepted for publication, the author(s) 
should submit the final version of the manuscript. The names 
and affiliations of authors should be double-checked, and if the 
originally submitted image files were of poor resolution, higher 
resolution image files should be submitted at this time. TIFF and 
PDF formats are preferred for submission of digital files of pho-
tographic images. Symbols (e.g., circles, triangles, squares), letters 
(e.g., words, abbreviations), and numbers should be large enough 
to be legible on reduction to the journal’s column widths. All 
symbols must be defined in the figure caption. If references, ta-
bles, or figures are moved, added, or deleted during the revision 
process, renumber them to reflect such changes so that all tables, 
references, and figures are cited in numeric order.

Manuscript Corrections
Before publication, the manuscript editor will correct the manu-
script such that it meets the standard publication format. The au-
thor(s) must respond within 2 working days when the manu-
script editor contacts the author for revisions. If the response is 
delayed, the manuscript’s publication may be postponed to the 
next issue.

Gallery Proof
The author(s) will receive the final version of the manuscript as a 
PDF file. Within 2 working days of receipt, authors must notify 
the Editorial Office (or the printing office) of any errors found in 
the file. Any errors found after this time are the responsibility of 
the author(s) and will have to be corrected as errata or corrigen-
da (depending on the responsibility for the error).

Errata and Corrigenda
To correct errors in published articles, the corresponding author 
should contact the Editorial Office with a detailed description of 
the proposed correction. Corrections that profoundly affect the 
interpretation or conclusions of the article will be reviewed by the 
editors. Corrections will be published as corrigenda (corrections 
of author’s errors) or errata (corrections of publisher’s errors) in a 
later issue of the journal.
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ARTICLE PROCESSING CHARGES

As a platinum open acess journal, JTI does not charge authors 
any fees including submission and other processing fees for pub-
lication. All costs for the publication process is supported by the 
publisher.

CONTACT INFORMATION

JTI Editorial Office
2619, Twincity-namsan,  
366 Hangang-daero, Yongsan-gu,  
Seoul 04323, Korea
Tel: +82-10-4391-0788, E-mail: office@jtraumainj.org
Journal Homepage: https://www.jtraumainj.org

Editor-in-Chief: Gil Jae Lee
Department of Trauma Surgery,  
Gachon University Gil Medical Center,  
783 Namdong-daero, Namdong-gu, Incheon 21556, Korea
E-mail: nonajugi@gilhospital.com

The updated Instructions for Authors apply to manuscripts submitted after January 2022. Manuscripts submitted before 2022 follow the original Instruc-
tions for Authors.
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Checklist  
before Submission

☐  Authors have written the manuscript in compliance with Instructions for Authors and Recommendations for the 
Conduct, Reporting, Editing, and Publication of Scholarly Work in Medical Journals (http://www.icmje.org) from the 
International Committee of Medical Journal Editors, and the Guideline of Committee on Publication Ethics (https://
publicationethics.org).

☐  Authors have omitted names and organizations in the manuscript submitted for review.

☐  The title page should include the title, author(s) full name(s), written as First Name then Last Name, and academic 
degree(s), the name(s) of the affiliation(s), contact information of the corresponding author(s), ORCID, and notes.

☐  A running title should be no more than 50 characters including spaces.

☐  For Original Articles, the abstract should be within 300 words in the structure of Purpose, Methods, Results, and 
Conclusions. For Reviews and Case Reports, include an unstructured abstract of no more than 250 words. 

☐  The abstract should be included in the manuscript, regardless of whether it is included in the submission system.

☐  Three to five keywords should be included (those recommended in MeSH; http://www.ncbi.nlm.nih.gov/mesh).

☐  Information regarding the approval of an institutional review board and obtaining informed consent should be 
mentioned in the Methods section.

☐  The number of references is limited to 30 (for original articles), 100 (for reviews), or 15 (for case reports).

☐  Each figure should be uploaded as a separate file and should not be included in the main text. The file name of each 
figure should be the figure number.

☐  Figures must be prepared in no less than 300 dpi.

☐  All authors have completed the Copyright Transfer Agreement and COI Statement forms.

☐  The authors are responsible for obtaining permission from the copyright holder to reprint any previously published 
material in JTI.

☐  A checklist for the appropriate reporting guidelines, as available on the EQUATOR website (http://www.equator- 
network.org/), should be uploaded along with the manuscript.

☐  For a case report, authors should follow the CARE guidelines (https://www.care-statement.org).
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