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A near-death experience (NDE) takes place during clinically diagnosed death or a life-threatening 
coma due to an accident or an illness [1]. Trauma patients are at the edge of life and death. Trauma 
doctors play tug of war against the grim reaper. If we win, the trauma victim lives. If we lose, the 
patient dies [2]. Thereafter, NDE is not uncommon phenomenon in trauma patients. 

NDEs usually consist of components such as an out-of-body experience, a tunnel experience, 
encountering a “being of light,” standing in front of a wall, and returning to their body. Even 
though there are some differences among NDEs according to each person’s unique circumstances, 
they appear very similar as a whole [3,4]. 

In Korean tales, there are many tales of returning from the underworld after several days or even 
weeks; however, there are very few examples of personal NDEs at the moment of impending death 
[5]. I introduce two cases of NDEs at the moment of impending death from a book named Tales 
from the Green Hills, which represents the reality and customs of Korean society in the 18th and 
19th century Joseon dynasty [6]. 

Case 1. Tales from the Green Hills , book 4, chapter 9 

One day, Mr. Nam fell ill, and all medicines proved useless. His status became critical, and his care-
giver began to prepare for his death. Everyone was startled and lost their heads. At dawn, the pa-
tient suddenly rolled in bed and sobbed and said, "It's strange." Everyone marveled and asked, 
"What is strange?" Mr. Nam asked for thin rice gruel, and the family prepared it. After taking two 
or three sips, he sat up and said, “Two messengers from the underworld took me to a government 
official of the underworld, stopped and left me outside the door, and went in. After a while, an offi-
cial came out and asked me: 'Aren't you Mr. Nam living in Gyeongseong?' [. . .] He said, 'I am the 
grandfather of Mr. Shin, who lives in a village of Bongsan. In the dark underworld, I was deeply 
moved by the grace you showed to my grandson. There was no way to repay you because we were 
living in different worlds. Now your life has expired, and the angels of death were sent to take you. 
It is time to express my gratitude beyond the grave. A while ago, I lengthened the span of your life 
in my list of lifespans (Fig. 1). You are relieved now; go back.’ Immediately, he ordered the messen-
gers to escort him. Owing to the late grandfather of Mr. Shin, I was brought back to life.” After that, 
he became especially kind to Mr. Shin [6].  
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Case 2. Tales from the Green Hills, book 9, chapter 3 

Jonghee alone was taking care of his sick father. He felt that his fa-
ther was getting cold. Jonghee hurriedly boiled a thin rice gruel, 
made a stab wound in his fingers with a knife, and mixed the 
blood into the thin rice gruel. He opened his father’s mouth and 
poured the blood-mixed gruel into it (Fig. 2). After consuming 
half of the bowl, his father began to breathe again through the 
nose and mouth. After finishing the entire bowl, he was com-
pletely revived. Everyone in the family heard a voice saying: 
“Jonghee, heaven was touched by your devotion, and the under-
world allowed your father to return.” The family members ac-
knowledged that the voice was from Jonghee’s maternal grandfa-
ther, Yoon Kyum, who had passed away a long time ago. Jong-
hee’s father gradually recovered [6]. 

In case 1, before the deceased arrived at the gates of the under-
world and was tried before King Yama, the grandfather of an ac-
quaintance, who was now an official of the underworld, extended 
the sick man’s lifespan to repay him for his kindness. Thereafter, 
he was able to return to this world again. This episode shows the 
Buddhist concept of causal retribution, known as karma. 

Case 2 portrays details scenes of a devoted son dripping blood 
from his fingers into a thin boiled rice gruel to save his sick fa-
ther. In the background of the miraculous recovery of his father, 

we can note the Buddhist concepts of causality, Confucian recog-
nition of the grace of his action by his maternal grandfather, and 
the way of heaven being touched by the son’s devotion and pro-
longing his father’s life [5]. 

An NDE is a personal experience associated with impending 
death, encompassing multiple possible sensations, including de-
tachment from the body, feelings of levitation, total serenity, se-
curity, warmth, and the presence of a light. In case 1, the patient 
experienced detachment from the body followed by returning. In 
case 2, the patient, as well as his family, heard the voice of their 
deceased ancestor, for whom they held Confucian memorial ser-
vices [7]. 

NDE is a fascinating phenomenon and some trauma victims 
experience during physical crises or periods of apparent clinical 
death. When trauma surgeons as well as critical care trauma 
nurses are familiar with the characteristics of the experience, 
medical personnel can assist trauma victims to understand avail-
able information about NDEs. Moreover, we are able to assist vic-
tims and their families to understand the meanings of the NDE 
and how it affects their lives [8]. 

Tales from the Green Hills, published in the middle of the 19th 
century, is an excellent source for understanding the language 
and customs of the 18th and 19th century Joseon dynasty. Al-
though it is not an official history, the above two cases are 
thought to be the oldest records of NDEs in Korea. 

Fig. 1. An official of the underworld lengthened the lifespan of Mr. 
Nam, who had just arrived at the gates of the underworld. Illustration 
by Hye Won Hu, MA.

Fig. 2. A devoted son is dripping blood from his fingers into a thin 
boiled rice gruel to save his sick father. Illustration by Hye Won Hu, 
MA.
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Quality monitoring of resuscitative endovascular balloon 
occlusion of the aorta using cumulative sum analysis  
in Korea: a case series 
Hyunsik Choi, MD1 , Joongsuck Kim, MD2 , Kwanghee Yeo, MD2 , Ohsang Kwon, MD2 , Kyounghwan Kim, MD2 ,  
Wu Seong Kang, MD2  
1Department of Emergency Medicine, Jeju Regional Trauma Center, Cheju Halla General Hospital, Jeju, Korea 
2Department of Trauma Surgery, Jeju Regional Trauma Center, Cheju Halla General Hospital, Jeju, Korea 

Purpose: Resuscitative endovascular balloon occlusion of the aorta (REBOA) is a state-of-the-art 
lifesaving procedure. However, due to its high mortality and morbidity, including ischemia and 
reperfusion injury, well-trained medical staff and effective systems are needed. This study was con-
ducted to investigate the learning curve for REBOA in Korea. 
Methods: To monitor this learning curve, we used cumulative sum (CUSUM) analysis and graphs 
of mortality and aortic occlusion time within 60, 90, and 120 minutes for consecutive patients. The 
procedures performed between July 2017 and June 2021 were divided into pre-trauma center (pre-
TC; July 2017–February 2020) and TC (February 2020–June 2021) periods. 
Results: REBOA was performed for 31 consecutive patients with trauma. The pre-TC (n=12) and TC 
(n=19) periods did not differ significantly with regard to Injury Severity Score, age, injury mecha-
nism, initial systolic blood pressure, prehospital cardiopulmonary resuscitation (CPR), or CPR in 
the emergency department. At the 17th consecutive patient during the TC period, CUSUM failure 
graphs for mortality and aortic occlusion time exhibited a downward inflection, indicating an im-
provement in performance. 
Conclusions: The mortality and aortic occlusion time of REBOA improved, and these parameters 
can be monitored using CUSUM analysis at the hospital level. 

Keywords: Aorta; Balloon occlusion; Endovascular procedures
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INTRODUCTION 

Severe hemorrhage due to torso injury is a leading cause of death 
[1,2]. To reduce mortality from severe torso hemorrhage, damage 
control surgery and resuscitation have been introduced [1]. The 

core concept of damage control is prompt hemostasis, such as via 
emergency surgery or interventional radiology [1]. However, 
some patients are vulnerable to severe bleeding before effective 
hemostasis can be achieved and die before surgery or interven-
tional radiology is performed. To rescue such patients, resuscita-
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tive endovascular balloon occlusion of the aorta (REBOA) was 
introduced for the temporary cessation or limitation of aortic 
blood flow [3]. REBOA is used as a bridge until definitive hem-
orrhagic control is achieved [4]. Resuscitative thoracotomy is 
substantially invasive and has high morbidity [5]; thus, REBOA 
has received considerable attention [6]. Moreover, the introduc-
tion of a 7F or 8F sheath minimizes iatrogenic limb ischemia. 

Well-trained staff and well-organized medical resources are re-
quired for an effective REBOA procedure. Medical staff should 
demonstrate proficiency in hemorrhage detection, diagnosis, 
vascular approach, identification of balloon position, and subse-
quent prompt hemostatic procedures such as damage control 
surgery and interventional radiology. Facilities and equipment 
such as trauma bays, interventional radiology rooms, operating 
rooms, point-of-care ultrasonography, and portable X-ray equip-
ment should be well-organized. However, training and experi-
ence with medical resources are time-consuming. Moreover, ex-
perience with REBOA is insufficient in most trauma centers be-
cause the procedure is usually performed only in rare situations, 
such as in patients in severe shock [6,7]. Recently, centers with 
high REBOA utilization were found to be associated with lower 
mortality than low-utilization centers [8]. This implies that the 
learning curve at the hospital level is crucial. However, the learn-
ing curve associated with REBOA has not been examined in pre-
vious studies. Recently, the learning curve for damage control 
laparotomy in a Korean regional trauma center was evaluated us-
ing cumulative sum (CUSUM) analysis, which is a useful meth-
od for monitoring the performance of procedures [9–11]. Here, 
we investigated the improvement in the quality of the REBOA 
procedure and associated mortality using CUSUM at the hospital 
level. 

METHODS 

Ethics statements 
This study was approved by the Institutional Review Board of 
Cheju Halla General Hospital (No. 2022-L03-01). The require-
ment for informed consent was waived due to the retrospective 
nature of the study. 

Study design 
We reviewed the Korean Trauma Database for records from our 
trauma center from July 2017 to June 2021 to identify patients 
with trauma who underwent REBOA. Patients who died before 
REBOA, who did not undergo balloon inflation, or who under-
went balloon insertion into the inferior vena cava due to a retro-

hepatic inferior vena cava injury were excluded from the study. 
Patient demographic and clinical data including mechanism of 
injury, age, sex, laboratory findings, vital signs, Injury Severity 
Score, Abbreviated Injury Scale score, postoperative outcomes, 
and REBOA-related time parameters were collected and ana-
lyzed. 

At our trauma center, two dedicated trauma bays, two operat-
ing rooms, and one interventional radiology room near the trau-
ma bay were equipped for use by dedicated trauma staff. We di-
vided our study into pre-trauma center (pre-TC; July 2017–Feb-
ruary 2020) and TC (February 2020–June 2021) periods. Before 
February 2020 (the pre-TC period), trauma procedures were 
performed in the emergency department (ED), where nontrau-
ma patients were also managed. From February 2020 onward 
(the TC period), all trauma procedures and patients were man-
aged by attending trauma surgeons in a trauma bay. In the pre-
TC period, the ultrasonographic image quality was poor due to 
aging equipment. Surgical instruments for laparotomy or thora-
cotomy were not prepared in the ED, and surgeons had to bring 
them from the operating room. In addition, the nursing staff 
members were not proficient in preparing REBOA kits, and most 
of them did not even know what REBOA was. The angiography 
room was located on a different floor from the ED, so patients 
had to be transferred by elevator. In contrast, in the TC period, 
point-of-care ultrasonography, a REBOA kit, portable X-ray 
equipment, surgical equipment for ED laparotomy and ED tho-
racotomy, and a trauma angiography room next door to the trau-
ma bay were available after the establishment of dedicated trau-
ma facilities. The dedicated nursing staff members were educated 
regarding the REBOA kit and surgical instruments and became 
more proficient at preparing them. In the pre-TC period, only 
three to five dedicated trauma surgeons worked at the trauma 
center. During the TC period, six to ten trauma surgeons and 
four emergency medicine faculty members were assigned to the 
trauma center. 

The indications for REBOA were patients with unstable vital 
signs (systolic blood pressure [SBP] < 90 mmHg) and patients 
with severe intra-abdominal or pelvic hemorrhage. Femoral arte-
rial puncture for REBOA was performed by a trauma surgeon 
using point-of-care ultrasonography or a blind method. The sur-
geon inflated the REBOA balloon by infusing 5 to 20 mL of sa-
line. The balloon position was identified using portable X-ray 
equipment. When prompt hemostasis was required, ED laparot-
omy was performed appropriately. For patients with impending 
cardiac arrest before or after the REBOA procedure, ED thora-
cotomy was performed. After the return of spontaneous circula-

Choi et al. Quality monitoring of REBOA

79www.jtraumainj.orghttps://doi.org/10.20408/jti.2022.0069



tion, the aortic clamp used during the thoracotomy was convert-
ed to a REBOA setup. A hemostatic procedure was defined as the 
control of bleeding by laparotomy or angioembolization. The to-
tal REBOA occlusion time was measured from the time of initial 
balloon inflation to that of full deflation. A procedure was con-
sidered successful if the REBOA occlusion time was within 60, 
90, or 120 minutes; this is because prolonged REBOA occlusion 
time can induce ischemic injury, which is associated with bowel 
ischemia, acute kidney injury, and limb ischemia. The primary 
outcome of our study was mortality, and the secondary outcome 
was aortic occlusion time. We hypothesized that aortic occlusion 
time is a surrogate marker of success in REBOA procedures. 

Statistical analysis 
Continuous data are presented as medians and interquartile 
ranges, and data were analyzed using the Mann-Whitney U-test. 
Categorical data are presented as proportions. Proportions were 
compared using the chi-square test or the Fisher exact test, as ap-
propriate. P-values less than 0.05 were considered to indicate sta-
tistical significance. All statistical analyses were performed using 
Microsoft Excel (Microsoft Corp) and R ver. 4.1.2 (R Foundation 
for Statistical Computing). 

CUSUM analysis 
The CUSUM procedure is a graphical method that is widely used 
for quality monitoring [9–11]. In this study, the CUSUM was cal-
culated as follows: Sn =  (Xi–p0i), where Sn  is the summation of 
the score, Xi = 0 for success (for example, patient survival) and 
Xi = 1 for failure (for example, patient death), and p0i denotes the 
predicted probability of failure of the procedure. The graph starts 
at 0 and is plotted from left to right on a horizontal axis. The 
curve moves up by 1–p0i for every case of failure (penalty) and 
down by p0i for every case of success (reward) on the cumulative 
failure graph. The improvement or deterioration of surgical out-
comes can be identified intuitively based on the inflection of the 
CUSUM curve. 

RESULTS 

This is a case series. From July 2017 to June 2021, the REBOA 
procedure was performed for 31 trauma patients who were ad-
mitted to our hospital. A total of five trauma surgeons performed 
REBOA, with 20 procedures performed by one surgeon, eight 
procedures by another surgeon, and one procedure each by the 
remaining three surgeons. The baseline characteristics and a 
comparison between the pre-TC and TC periods are summa-

rized in Table 1. Twelve (38.7%) and 19 patients (61.3%) were ad-
mitted during the pre-TC and TC periods, respectively. Twen-
ty-nine patients (93.55%) experienced blunt trauma. The initial 
SBP levels of 13 patients (41.9%) could not be determined. Seven 
patients (22.6%) underwent prehospital cardiopulmonary resus-
citation (CPR). Nine (29.0%) and eight patients (25.8%) under-
went thoracotomy and laparotomy, respectively, in the ED. The 
median time from admission to REBOA was 31.0 minutes (inter-
quartile range [IQR], 18.0–67.0 minutes). The median total RE-
BOA occlusion time was 60.0 minutes (IQR, 47.5–90.5 minutes). 
In 30 patients (96.8%), the balloon used during REBOA was 
placed in zone 1 (above the celiac axis), while it was placed in 
zone 3 (between the inferior mesenteric artery and the iliac bifur-
cation) in one patient (3.2%). Twelve patients (38.7%) survived 
the REBOA procedure. No significant differences were present in 
age, sex, SBP, Injury Severity Score, or Abbreviated Injury Scale 
score between the pre-TC and TC periods. The median REBOA 
occlusion time was shorter in the TC than in the pre-TC period, 
although the difference was not statistically significant (62.5 min-
utes [IQR, 44.0–134.5 minutes] in the pre-TC period vs. 53.0 
minutes [IQR, 47.5–78.5 minutes] in the TC period, P= 0.465). 
The survival rate was higher in the TC than in the pre-TC peri-
od, although the difference was also not significant (three pa-
tients [25.0%] in the pre-TC period vs. nine patients [47.4%] in 
the TC period, P= 0.386). Table 2 shows a summarized compari-
son between nonsurvivors and survivors. The initial SBP was sig-
nificantly lower in the nonsurvivor group. Nonsurvivors were 
significantly more likely to have undergone CPR at ED, ED tho-
racotomy, and ED laparotomy. However, no patient in the survi-
vor group underwent CPR at ED, ED thoracotomy, or ED lapa-
rotomy. 

The CUSUM failure graph for survival is shown in Fig. 1. The 
CUSUM failure graphs for aortic occlusion time within 60 min-
utes, 90 minutes, and 120 minutes are shown in Figs. 2, 3, and 4, 
respectively. All CUSUM graphs showed an upward slope during 
the pre-TC period. At the 17th patient (indicated by arrows) in 
the TC period, a downward inflection was observed and a down-
ward slope was observed after 17th case.  

DISCUSSION 

To our knowledge, this is the first study to illustrate the learning 
curve associated with REBOA using CUSUM analysis. The re-
sults indicated that the quality of the REBOA procedure im-
proved. The accumulation of experience with the REBOA proce-
dure may enhance performance. Additionally, we believe that the 
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Table 1. Comparison between pre-TC and TC period

Variable Total Pre-TC TC P-value
No. of patients 31 (100) 12 (38.7) 19 (61.3)
Age (yr) 45.0 (35.0–57.5) 49.0 (35.5–59.0) 42.0 (32.0–54.0) 0.612
Injury type >0.999
 Blunt 29 (93.5) 11 (91.7) 18 (94.7)
 Penetrating 2 (6.5) 1 (8.3) 1 (5.3)
Male sex 24 (77.4) 9 (75.0) 15 (78.9) >0.999
Injury Severity Score 34.0 (25.0–44.0) 33.5 (18.0–52.5) 34.0 (28.0–36.5) 0.919
Abbreviated Injury Scale
 Head and neck 3.0 (0–4.5) 2.5 (0–5.0) 3.0 (0–4.0) 0.801
 Face 0 (0–0.5) 0 (0–0.5) 0 (0–1.0) 0.771
 Chest 3.0 (0.5–3.0) 2.0 (0–3.0) 3.0 (2.0–3.0) 0.291
 Abdomen 3.0 (2.0–4.0) 3.0 (2.5–4.0) 2.0 (1.0–4.0) 0.347
 Pelvis 0 (0–3.0) 0 (0–3.5) 2.0 (0–3.0) 0.427
 Extremity 0 (0–1.0) 0 (0–1.0) 1.0 (0–1.0) 0.151
Initial systolic blood pressure (mmHg) 0.206
 ≥100 5 (16.1) 4 (33.3) 1 (5.3)
 80–99 5 (16.1) 2 (16.7) 3 (15.8)
 50–79 8 (25.8) 2 (16.7) 6 (31.6)
 Not checked 13 (41.9) 4 (33.3) 9 (47.4)
Prehospital CPR 7 (22.6) 3 (25.0) 4 (21.1) >0.999
CPR at the ED 15 (48.4) 7 (58.3) 8 (42.1) 0.609
Balloon type of REBOA 0.032
 12F (ReliantTM) 4 (12.9) 4 (33.3) 0
 7F (RescueTM) 27 (87.1) 8 (66.7) 19 (100)
Target zone >0.999
 Zone 1 30 (96.8) 12 (100) 18 (94.7)
 Zone 3 1 (3.2) 0 1 (5.3)
Identification of REBOA balloon position 15 (48.4) 7 (58.3) 8 (42.1) 0.609
Time from admission to REBOA (min) 31.0 (18.0–67.0) 64.5 (31.0–93.0) 21.0 (14.5–43.5) 0.007
REBOA occlusion time (min) 60.0 (47.5–90.5) 62.5 (44.0–134.5) 53.0 (47.5–78.5) 0.465
 Within 60 min 17 (54.8) 6 (50.0) 11 (57.9) 0.952
 Within 90 min 23 (74.2) 7 (58.3) 16 (84.2) 0.237
 Within 120 min 24 (77.4) 7 (58.3) 17 (89.5) 0.114
ED thoracotomy 9 (29.0) 2 (16.7) 7 (36.8) 0.424
ED laparotomy 8 (25.8) 3 (25.0) 5 (26.3) >0.999
Angioembolization 4 (12.9) 0 4 (21.1) 0.249
Laparotomy 19 (61.3) 9 (75.0) 10 (52.6) 0.386
Preperitoneal pelvic packing 2 (6.5) 1 (8.3) 1 (5.3) >0.999
Hemostasis (surgery or angioembolization) 20 (64.5) 8 (66.7) 12 (63.2) >0.999
PRBC transfusion within 24 hr (unit) 11.0 (6.0–17.0) 13.0 (5.5–17.5) 11.0 (6.0–15.5) 0.951
FFP transfusion within 24 hr (unit) 5.0 (2.5–10.0) 6.0 (2.5–10.0) 5.0 (2.5–11.0) >0.999
Platelet transfusion within 24 hr (unit) 0 (0–8.0) 0 (0–6.5) 0 (0–8.0) 0.751
PRBC transfusion within 4 hr (unit) 8.0 (6.0–14.5) 10.0 (5.5–15.5) 7.0 (6.0–13.5) 0.902
FFP transfusion within 4 hr (unit) 4.0 (2.0–7.0) 5.0 (2.0–7.0) 4.0 (2.0–7.0) 0.790
Platelet transfusion within 4 hr (unit) 0 (0–0) 0 (0–0) 0 (0–0) 0.739
Hemodialysis due to AKI 1 (3.2) 1 (8.3) 0 0.814
Limb ischemia 0 0 0 - 
Survival (in-hospital) 12 (38.7) 3 (25.0) 9 (47.4) 0.386
Cause of mortality 0.396
 Central nervous system 3 (9.7) 2 (16.7) 1 (5.3)
 Hypovolemic 15 (48.4) 7 (58.3) 8 (42.1)
 Multiple organ dysfunction syndrome 1 (3.2) 0 1 (5.3)
Values are presented as number (%) or median (interquartile range).
TC, trauma center; CPR, cardiopulmonary resuscitation; ED, emergency department; REBOA, resuscitative endovascular balloon occlusion of 
aorta; PRBC, packed red blood cell; FFP, fresh frozen plasma; AKI, acute kidney injury.
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Table 2. Comparison between nonsurvivor and survivor (n=31)

Variable Nonsurvivor (n=19) Survivor (n=12) P-value
Group 0.386
 Pre-TC 9 (47.4) 3 (25.0)
 TC 10 (52.6) 9 (75.0)
Age (yr) 48.0 (32.0–60.5) 39.5 (35.0–49.5) 0.310
Injury type >0.999
 Blunt 18 (94.7) 11 (91.7)
 Penetrating 1 (5.3) 1 (8.3)
Male sex 15 (78.9) 9 (75.0) >0.999
Injury Severity Score 34.0 (27.0–49.0) 33.5 (21.0–34.0) 0.166
Abbreviated Injury Scale
 Head and neck 2.0 (0–5.0) 3.5 (0–4.0) 0.784
 Face 0 (0–0) 0 (0–2.0) 0.076
 Chest 3.0 (1.5–4.0) 2.5 (0–3.0) 0.157
 Abdomen 3.0 (2.0–4.0) 3.0 (2.0–3.0) 0.530
 Pelvis 0 (0–3.5) 3.0 (0–3.0) 0.321
 Extremity 1.0 (0–1.0) 0 (0–1.0) 0.151
Initial systolic blood pressure (mmHg) 0.001
 ≥100 3 (15.8) 2 (16.7)
 80–99 1 (5.3) 7 (58.3)
 50–79 2 (10.5) 3 (25.0)
 Not checked 13 (68.4) 0
Prehospital CPR 7 (36.8) 0 0.051
CPR at ED 15 (78.9) 0 >0.001
Balloon type of REBOA 0.958
 12F (ReliantTM) 3 (15.8) 1 (8.3)
 7F (RescueTM) 16 (84.2) 11 (91.7)
Target zone 0.814
 Zone 1 19 (100) 11 (91.7)
 Zone 3 0 1 (8.3)
Identification of REBOA balloon position 8 (42.1) 7 (58.3) 0.609
Time from admission to REBOA (min) 31.0 (19.5–70.0) 34.0 (15.0–66.0) 0.626
REBOA occlusion time (min) 60.0 (43.5–105.5) 64.0 (48.0–83.5) 0.855
 Within 60 min 11 (57.9) 6 (50.0) 0.952
 Within 90 min 13 (68.4) 10 (83.3) 0.615
 Within 120 min 14 (73.7) 10 (83.3) 0.853
ED thoracotomy 9 (47.4) 0 0.015
ED laparotomy 8 (42.1) 0 0.029
Angioembolization 1 (5.3) 3 (25.0) 0.295
Laparotomy 12 (63.2) 7 (58.3) >0.999
Preperitoneal pelvic packing 2 (10.5) 0 0.681
Hemodialysis due to AKI 1 (5.3) 0 >0.999
Limb ischemia 0 0 -
Hemostasis (surgery or angioembolization) 12 (63.2) 8 (66.7) >0.999
PRBC transfusion within 24 hr (unit) 11.0 (6.0–17.5) 11.5 (6.5–15.5) 0.968
FFP transfusion within 24 hr (unit) 4.0 (2.0–9.5) 7.0 (4.5–12.5) 0.186
Platelet transfusion within 24 hr (unit) 0 (0–0) 7.0 (1.5–10.0) 0.007
PRBC transfusion within 4 hr (unit) 10.0 (5.5–16.5) 6.5 (6.0–12.0) 0.595
FFP transfusion within 4 hr (unit) 4.0 (2.0–5.5) 4.5 (2.0–8.0) 0.595
Platelet transfusion within 4 hr (unit) 0 (0–0) 0 (0–0) 0.274
Cause of mortality <0.001
 Central nervous system 3 (15.8) 0
 Hypovolemic 15 (78.9) 0
 Multiple organ dysfunction syndrome 1 (5.3) 0
Values are presented as number (%) or median (interquartile range).
TC, trauma center; CPR, cardiopulmonary resuscitation; ED, emergency department; REBOA, resuscitative endovascular balloon occlusion of 
aorta; AKI, acute kidney injury; PRBC, packed red blood cell; FFP, fresh frozen plasma.
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establishment of trauma centers plays an important role in im-
proving the skill and knowledge of faculty and the number of 
dedicated facility members, which helps improve the quality of 
the procedure. CUSUM-based monitoring appears to be useful 
for the REBOA procedure. REBOA is generally performed in ex-
tremely rare situations; therefore, achieving proficiency may be 
difficult. We believe that the outcomes, mortality rate, and aortic 
occlusion time are potential indicators of the performance of RE-
BOA. An improvement in aortic occlusion time represents 
prompt hemostasis and the reduction of ischemia. 

Although enthusiasm has grown regarding the use of REBOA 
for trauma patients with severe hemorrhage, the procedure’s indi-
cations and outcomes, including mortality and morbidity, are 

controversial [6,12]. In a recent systematic review and meta-anal-
ysis [6], REBOA was associated with lower mortality than ED 
thoracotomy, whereas no significant difference was observed be-
tween patients who underwent REBOA and those who did not. 
However, this meta-analysis included a limited number of studies 
(three and five studies comparing REBOA with ED thoracotomy 
and non-REBOA, respectively), and all included studies were ob-
servational. Thus, the exact effect size is unclear due to substan-
tial selection bias. In a retrospective cohort study using the 
American College of Surgeons National Trauma Database with 
propensity score matching [7], REBOA was associated with in-
creased mortality, even after adjustment for measured confound-
ers. The authors reported that REBOA was not associated with 
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Fig. 3. Cumulative sum (CUSUM) failure graph for aortic occlusion time ≤90 minutes. (A) The scatter plot of aortic occlusion time and (B) CU-
SUM graph. The dotted line denotes the establishment of a regional trauma center (pre-trauma center period, patient no. 1–12; trauma center 
period, patient no. 13–31).
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CUSUM graph.The dotted line denotes the establishment of a regional trauma center (pre-trauma center period, patient no. 1–12; trauma center 
period, patient no. 13–31). 

acute kidney injury or amputation. In our study, only one patient 
underwent hemodialysis, and none underwent lower extremity 
amputation. However, these complications are rare. In a recent 
review on the opinions of trauma providers regarding REBOA, 
interest was revealed to be widespread, but the need for training 
persists [13]. Thus, clinical results may need to be re-evaluated 
after the teaching of technical skills and dissemination of infor-
mation regarding indications and complications. In our study, all 
patients with initial SBP levels that could not be assessed died. 

Further study is warranted for such patients, and more rigorous 
indication may be needed. 

In a 5-year retrospective analysis based on the American As-
sociation for the Surgery of Trauma’s Aortic Occlusion in Resus-
citation for Trauma and Acute Care Surgery (AORTA) multi-in-
stitutional database [8], a center was defined as high-volume if it 
had more than 30 cases of REBOA over 5 years, low-volume if it 
had less than 10, and average-volume if it had 11 to 30 cases. 
The results indicated that survival was higher in high-volume 
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centers than in low-volume ones [8]. From this perspective, our 
trauma center can be regarded as high-volume because over 5 
years, REBOA was performed for 31 patients. Moreover, we 
used CUSUM analysis to demonstrate that the performance of 
the REBOA procedure improved after the 17th case. We believe 
that this study provides new insights for trauma surgeons. RE-
BOA is a bridge procedure used prior to achieving definitive he-
mostasis. REBOA requires the prompt availability of medical 
staff and facilities such as a proficient trauma or vascular sur-
geon, well-trained nurses, point-of-care ultrasonography and 
portable X-ray equipment, a vascular access device, a trauma 
bay, an operating room, an interventional radiology room, and a 
REBOA kit [4]. Harmoniously organizing these components 
may be time-consuming. At our trauma center, more than 17 
cases were needed to achieve proficiency in the REBOA proce-
dure. We believe that assigning dedicated medical staff and facil-
ities via trauma centers may promote such improvements. Such 
organization may enhance the proficiency of staff and the effec-
tiveness of the overall trauma system. Trauma surgeons may also 
improve their understanding of REBOA after a trauma center 
has been established. 

Our study had several limitations. First, it was retrospective 
and observational. However, no randomized controlled trials 
have been conducted regarding REBOA. Second, the single-co-
hort nature and small sample size of the study are crucial limita-
tions, and larger-scale prospective studies are needed. Third, the 
most important limitation is the variation in the skill and expe-
rience of the surgeons. This may have impeded consistency in 
proficiency in the REBOA procedure. However, investigation at 
the hospital level is crucial because REBOA requires a multidis-
ciplinary approach. Fourth, conventional statistical methods 
showed no statistically significant difference between the pre-
TC and TC periods, although mortality and occlusion time dif-
fered non-significantly between them. This lack of significant 
findings may have been due to the small number of patients 
(n =31) studied. However, acquiring sufficient datasets is very 
difficult because REBOA is rarely performed. Therefore, CU-
SUM monitoring is a potential alternative method. Fifth, the 
contribution of the establishment of trauma centers to the im-
provement in REBOA outcomes remains ambiguous. Further 
studies are required to confirm this hypothesis. However, we ob-
served that the performance of the procedure improved after the 
17th patient. This may provide meaningful insights to trauma 
surgeons who wish to begin performing the REBOA procedure. 
Sixth, we could not perform risk-adjusted CUSUM analysis be-
cause of the small sample size. In a previous study, a risk-adjust-

ed CUSUM methodology was used to adjust for individual risk 
and minimize selection bias based on a multivariable logistic re-
gression model [9,11]. However, such models are statistically 
unstable when the sample size is small [14]. Future large-scale 
studies are required. Seventh, we postulated that aortic occlusion 
time is a surrogate marker of success in REBOA procedures. No 
evidence is available regarding this issue. However, guidelines 
recommend balloon deflation as soon as possible [4]. Prolonged 
occlusion time induces ischemic damage and reducing occlu-
sion time may require a well-organized trauma system and pro-
ficient staff. For example, prompt detection of the balloon posi-
tion, early preparation for surgery, or angioembolization may be 
needed. We hope that this can provide new insight for research-
ers. Finally, we initially attempted partial REBOA (5 to 10 mL of 
balloon inflation) and added fluids according to the patient’s sta-
tus. However, unfortunately, our medical records included no 
records of the inflating fluid in some patients. Thus, we could 
not distinguish partial from total REBOA. We could not identify 
even intermittent REBOA due to the limited medical records 
available. 

In conclusion, the performance of the REBOA procedure in 
terms of mortality and aortic occlusion time improved after the 
17th case. CUSUM analysis may be useful for monitoring the 
procedure when the sample size of the cohort is not sufficient to 
expect statistical stability. However, further large-scale prospec-
tive studies are warranted to confirm the true effect size. 
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Effect of use and type of helmet on occurrence of 
traumatic brain injuries in motorcycle riders in Korea:  
a retrospective cohort study  
Sowon Seo, MD , Seok Ran Yeom, MD , Sung-Wook Park, MD , Il Jae Wang, MD , Suck Ju Cho, MD ,  
Wook Tae Yang, MD , Youngmo Cho, MD  

Department of Emergency Medicine, Biomedical Research Institute, Pusan National University Hospital, Busan, Korea 

Purpose: The purpose of this study was to investigate (1) the association among helmet wearing, in-
cidence rate of traumatic brain injury (TBI), and in-hospital mortality; TBI was diagnosed when the 
head Abbreviated Injury Scale (AIS) was ≥1, and as severe TBI when head AIS was ≥3; and (2) the 
association between helmet type and incidence rate of TBI, severe TBI, and in-hospital mortality of 
motorcycle accidents based on the newly revised Emergency Department-based Injury In-depth 
Surveillance (EDIIS) data. 
Methods: Data collected from EDIIS between January 1, 2020 and December 31, 2020 were ana-
lyzed. The final study population comprised 1,910 patients, who were divided into two groups: hel-
met wearing group and unhelmeted group. In addition, the correlation between helmet type and 
motorcycle accident was determined in 596 patients who knew the exact type of helmet they wore. A 
total of 710 patients who wore helmet but did not know the type were excluded from this analysis. 
Multivariate logistic regression was performed in both the groups to investigate the factors affecting 
the primary (occurrence of TBIs) and secondary outcomes (severe TBI and in-hospital mortality). 
Results: The prevalence of Injury Severity Scores, TBIs, and severe TBIs as well as in-hospital 
mortality were the highest in the unhelmeted group. Additionally, the results from the group that 
wore and knew the type of helmet worn indicated that wearing a full-face helmet decreased the inci-
dence of TBIs in comparison to a half-face helmet. 
Conclusions: The wearing of a helmet in motorcycle accidents is very important as it plays a role in 
reducing the occurrence of TBIs and severe TBIs and in-hospital mortality. The use of a full-face 
helmet lowered the incidence of TBIs. 
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INTRODUCTION 

The growth of the delivery industry increased due to COVID-19 
pandemic in Korea, and the Ministry of Land, Infrastructure and 
Transport (MOLIT) reported that the number of registered mo-
torcycles in 2020 increased to 2,289,099 units [1]. According to 
the “Online shopping trends in May 2021,” the demand for mo-
torcycles can be estimated through the 62.2% increase in online 
food delivery services compared to the same period in the previ-
ous year [2]. With such rapidly increasing demand for motorcy-
cles, the registration rate and the number of applicants for motor 
vehicle licenses have also increased significantly. The Korean Na-
tional Police Agency and the Road Traffic Authority reported 
that there was a 12% increase in the number of applicants for 
motorcycle license test, from 54,986 in 2019 to 62,593 in 2020 
[3]. With the increase in number of motorcycles, the incidence of 
motorcycle accidents has also increased. Eltorai et al. [4] reported 
that motorcycle accidents resulted in more serious injuries than 
automobiles. Data from the Korea Transportation Safety Author-
ity indicates that head injuries are the main cause of death in 
road traffic accidents, accounting for 41.3% of all deaths [5]. 
Studies have shown that the use of helmet can prevent or signifi-
cantly reduce the severity of injuries in motorcycle accidents, as 
well as reduce the mortality rate [6,7]. 

According to the Motorcycle Safety Guide provided by the Cen-
ters for Disease Control and Prevention (CDC) [8], helmets are 
classified into the following three types based on their shapes: 
half helmets, open-face helmets, and full helmets. International 
studies have proven the efficacy of full-face helmets in preventing 
a traumatic brain injury (TBI); however, the evidence is limited, 
with the number of study participants being just over 100 [9,10]. 
Furthermore, while domestic research have studied the relation-
ship between the use of helmets and motorcycle accidents [4,11], 
none of the studies have focused on the type of helmet used, the 
information regarding which can be accessed from the revised 
Emergency Department-based Injury In-depth Surveillance 
(EDIIS) data. The objective of our study was to perform a nation-
wide data analysis to evaluate (1) the association between the use 
of helmet and the occurrence of TBI and (2) the association be-
tween the type of helmet and the occurrence of TBI. For this pur-
pose, we hypothesized that, wearing a helmet will reduce the oc-
currence of TBI, and among the helmet types, the full-face type 
would be associated with least TBI, while the open-face type 
would be linked with the most TBI. 

METHODS 

Ethics statements 
This study was approved by the Korea Disease Control and Pre-
vention Agency (KCDC) and the Institutional Review Board of 
Pusan National University Hospital (No. 2205-005-114). The 
need for informed consent was waived by the Institutional Re-
view Board due to the use of de-identified data. 

Study design and participants 
This was a multicenter retrospective cohort study performed 
using the Korean EDIIS database. The study was described ac-
cording to the STROBE (Strengthening the Reporting of Ob-
servational Studies in Epidemiology) statement (https://www.
strobe-statement.org/). EDIIS is a nationwide database that com-
prises data of all injured patients who presented to the emergency 
department in Korea. The KCDC established EDIIS in 2006 us-
ing data collected from five hospitals. Currently, it includes data 
from 23 participating hospitals all across the country. EDIIS col-
lects data which would aid in developing a national policy for in-
jury prevention and also performs periodic quality control by an-
alyzing errors. 

We collected the data of patients registered in EDIIS between 
January 1, 2020, and December 31, 2020. The exclusion criteria 
were as follows: age < 15 years (n = 4), death on arrival (n = 1), 
and patients with missing information regarding helmet 
(n= 112). A total of 117 patients were excluded after implement-
ing the criteria. The final study population comprised 1,910 pa-
tients who were divided into two groups: helmet wearing group 
and unhelmeted group. In addition, the correlation between hel-
met type and motorcycle accident was determined in 596 pa-
tients, who knew the exact type of helmet they wore. A total of 
710 patients who wore a helmet but did not know the type were 
excluded from this analysis. Since a large number of patients 
were excluded due to lack of information regarding the type of 
helmet they wore, the basic characteristics of the group aware of 
the type of helmet and the group not aware of the type of helmet 
were analyzed to remove the possible bias. 

Data collection and variable definition 
The coordinator who collected information for the EDIIS data-
base received regular training at the Coordinator Education and 
Quality Management Meeting, conducted by the KCDC four 
times a year. The coordinator collected the information from 
each patient, primarily via questioning the patient. If a patient 
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was unable to provide the information, it was obtained from the 
patient's guardian or the paramedics (information witnessed di-
rectly by the paramedic at the scene and collected by the para-
medics from other subjects who witnessed the accident). 

The following baseline patient characteristics were extracted 
from EDIIS: age, sex, alcohol consumption, time of emergency 
department (ED) arrival, type of road, type of helmet, Injury Se-
verity Score (ISS), head injury, and in-hospital mortality. Elderly 
was defined as individuals over the age of 65 years. Suspicion for 
alcohol consumption was noted, but if alcohol intake was un-
known, it was classified as unused. ED visit dates were divided 
based on seasons: spring (March to May), summer (June to Au-
gust), autumn (September to November), and winter (December 
to February). The time of ED visit was divided into dawn (00:00–
05:59), morning (06:00–11:59), afternoon (12:00–17:59), and 
night (18:00– 23:59). 

The type of helmet was classified into three categories based on 
their shape: half helmet, open-face helmet, and full helmet. This 
classification of helmets is used not only by the Motorcycle Safety 
Guide provided by the CDC [8], but also by the United Nations 
Economic Commission for Europe (UNECE) [12], which is cur-
rently used in more than 50 countries and is the world's most 
popular motorcycle helmet test standard. The KCDC also uses 
the same helmet classification [13]. The open-face helmet pro-
tects the ears, cheeks, and back of the head, but does not cover 
the area under the chin. The half-face helmet features the same 
front design as the open-face helmet, but lacks a lowered rear. 
The full-face helmets offer the maximum protection, protecting 
the eyes and face with a face shield and providing protection to 
the chin (Fig. 1). Road type was classified into three categories: 
alley, highway, and general road (i.e., all roads excluding alleys 
and highways). Opponent objects were classified into seven cate-

gories: pedestrian, two-wheel vehicle, four-wheel small vehicle 
(i.e., sedan and sport utility vehicle), four-wheel large vehicle (i.e., 
van, bus, and truck), a fixed object, unknown, and none. Severe 
injury was defined as an ISS of ≥ 16 points. TBI was defined 
when the head Abbreviated Injury Scale (AIS) was ≥ 1, and se-
vere TBI was defined when head AIS was ≥ 3 [14]. In-hospital 
mortality was divided into two groups: alive and expired. The 
primary outcome was risk factors of TBI, and the secondary out-
comes were factors associated with severe TBI and in-hospital 
mortality. 

Statistical analysis 
Descriptive statistics were reported as median (interquartile 
range) for continuous variables according to the normality test 
using the Kolmogorov-Smirnov test. Categorical variables were 
expressed as frequencies (percentage). 

Intergroup comparisons of baseline characteristics based on 
the use of helmet (unhelmeted vs. helmeted group) and helmet 
type (half-face vs. open-face vs. full-face helmet group) were per-
formed. Mann-Whitney U-test or Kruskal-Wallis test were used 
for continuous variables, while chi-square test or Fisher exact test 
for categorical variables. In addition, to determine whether there 
was a bias between unknown and known helmet type groups, the 
same statistical methods mentioned above were used. 

Significant variables in the univariate analysis (i.e., those with 
P< 0.10) were entered into a stepwise backward multivariate lo-
gistic regression analysis to determine the independent risk fac-
tors of TBI, severe TBI and in-hospital mortality. For each inde-
pendent risk factor, adjusted odds ratio (aOR) with 95% confi-
dence (CI) were calculated. All statistical analyses were per-
formed using IBM SPSS ver. 22.0 (IBM Corp), and P< 0.05 was 
considered statistically significant. 

Fig. 1. The different types of helmets. (A) Full-face helmet, (B) open-face helmet, and (C) half-face helmet.
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RESULTS 

Comparison of the unhelmeted and helmeted groups 
During the study period, 2,027 patients injured as a result of mo-
torcycle accidents were registered in the EDIIS registry. Among 
the 1,910 patients of the study population, 604 belonged to the 
unhelmeted group while 1,306 to the helmeted group (Table 1). 
In the > 65 years age group, the ratio of individuals not wearing a 
helmet was 22.8%, which was significantly higher than 12.6% 
who wore a helmet. In addition, the proportion of women not 
wearing a helmet was 15.4%, which was significantly higher than 
6.0% of men not wearing a helmet. It was observed that accidents 
occurred mainly at night in both the groups (32.3% vs. 42.3%, re-
spectively). The ratio of alcohol intake was 18.2% versus 6.1%, 
which was significantly higher in the unhelmeted group. The 
most common opponent object observed was a four-wheel small 
car, and the proportions were 40.9% and 58.1% in the unhelmet-
ed and helmeted group, respectively. The prevalence of ISS ≥ 16, 
TBIs, and severe TBIs, as well as in-hospital mortality were high-
est in the unhelmeted group (22.4%, 37.7%, 19.9%, and 7.5%, re-
spectively).  

Logistic regression to predict TBI 
Table 2 shows the factors affecting TBIs based on the use or dis-
use of helmets, using the multivariate logistic regression analysis. 
In this analysis, the adjusted variables were age ≥ 65 years, sea-
son, admission time, alcohol consumption, opponent object, and 
the use of a helmet. The analysis showed that the factors affecting 
TBIs were being elderly (aOR, 1.012; 95% CI, 1.007–1.018) and 
consumption of alcohol (aOR, 2.643; 95% CI, 1.914–3.650). The 
incidence of TBIs were lower in winter compared to spring (aOR, 
0.627; 95% CI, 0.506–0.862), and the accidents were more com-
mon at night than dawn (aOR, 0.756; 95% CI, 0.608–0.941). 
Wearing a helmet (aOR, 0.544; 95% CI, 0.436–0.678) lowered the 
incidence of TBIs. The analysis of factors affecting severe TBIs 
and in-hospital mortality showed that the factors which reduced 
the incidence of severe TBIs included time of accident, i.e., night 
compared to dawn (aOR, 0.703; 95% CI, 0.505–0.978); accident 
site, i.e., an alley compared to a highway (aOR, 0.285; 95% CI, 
0.102–0.796); and use of helmet (aOR, 0.307; 95% CI, 0.226–
0.419) (Table S1). Being elderly (aOR, 1.021; 95% CI, 1.014–
1.028) and drinking alcohol (aOR, 1.692; 95% CI, 1.106–2.589) 
were more likely to cause severe TBIs. Furthermore, it was ob-
served that in-hospital mortality increased for the elderly (aOR, 
1.017; 95% CI,1 .007–1.028) and for four-wheel large vehicle op-

ponent object compared to pedestrians (aOR, 2.518; 95% CI, 
1.195–5.305), and decreased for those wearing helmets (aOR, 
0.325; 95% CI, 0.203–0.519) (Table S2). 

Comparison of patients according to type of helmet in 
the group with known helmet type 
Among the 1,309 patients who wore helmets, 596 were aware of 
the type of helmet while 710 were not. The 596 patients with 
clear helmet type were analyzed. Of these, 125, 185, and 286 pa-
tients wore half-face, open-face, and full-face helmets, respective-
ly. Type of road and opponent object were the only two meaning-
ful variables in terms of their basic characteristics. Furthermore, 
it was observed that majority of the accidents occurred on gener-
al roads at rates of 98.4%, 91.9%, and 98.6% in the half-face, 
open-face, and full-face groups, respectively; and four-wheel 
small vehicles as the opponent objects were responsible for 
most accidents at rates of 59.2%, 58.9%, and 58.4%, respectively 
(Table 3). 

Logistic regression to predict TBI in the group with 
known helmet type 
Table 4 shows the analysis of factors affecting TBIs in 596 pa-
tients who wore a helmet and were aware of the type. The factors 
that contributed to an increased incidence of TBIs were age 
above 65 years (aOR, 1.017; 95% CI, 1.005–1.028) and alcohol 
consumption (aOR, 2.423; 95% CI, 1.036–5.670). On the other 
hand, a correlation was observed that the incidence of TBIs de-
creased in the absence of an opponent object compared to when 
the opponent object were pedestrians (aOR, 0.496; 95% CI, 
0.272–0.905) and when wearing a full-face helmet compared to a 
half-face helmet (aOR, 0.612; 95% CI, 0.396–0.944). Analysis of 
the factors affecting severity of TBIs and in-hospital mortality in 
this patient group (n = 596) showed that age of the patient and 
colliding object were the correlating factors (Tables S3, S4). 

Comparison of unknown and known helmet groups 
To exclude any statistical bias as a result of the missing data, com-
parison was done between the group that wore helmet of un-
known type and group that wore a known type of helmet. No 
significant differences were observed in terms of the variables, 
except incidence of TBI. Although the incidence of TBI was sig-
nificantly higher in the group with unknown helmet type, the in-
cidence rate of TBI was still as low as 28.3%. This could be inter-
preted as use of helmets prevented TBI, even when the type of 
helmet was unknown. 
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Table 1. Comparison between the unhelmeted and helmeted groups (n=1,910)

Characteristic Unhelmeted (n=604) Helmeted (n=1,306) P-value
Age (yr) 33 (20–63) 37 (26–51) 0.047
 ≥65 <0.001
  No 466 (77.2) 1,141 (87.4)
  Yes 138 (22.8) 165 (12.6)
Sex <0.001
 Male 511 (84.6) 1,228 (94.0)
 Female 93 (15.4) 78 (6.0)
Season 0.053
 Spring 160 (26.5) 309 (23.7)
 Summer 152 (25.2) 363 (27.8)
 Autumn 172 (28.5) 423 (32.4)
 Winter 120 (19.9) 211 (16.2)
Admission time <0.001
 Dawn (00:00–05:59) 149 (24.7) 179 (13.7)
 Morning (06:00–11:59) 106 (17.5) 184 (14.1)
 Afternoon (12:00–17:59) 154 (25.5) 391 (29.9)
 Night (18:00–23:59) 195 (32.3) 552 (42.3)
Alcohol consumption <0.001
 No 494 (81.8) 1,226 (93.9)
 Yes 110 (18.2) 80 (6.1)
Type of road 0.544
 Highway 1 (0.2) 1 (0.1)
 General road 565 (93.9) 1,306 (92.9)
 Alley 32 (5.3) 86 (6.5)
 Unknown 4 (0.7) 6 (0.5)
Opponent object <0.001
 Pedestrian 3 (0.5) 11 (0.8)
 Two-wheel vehicle 28 (4.6) 82 (6.3)
 Four-wheel small vehicle 247 (40.9) 759 (58.1)
 Four-wheel large vehicle 31 (5.1) 63 (4.8)
 Fixed object 41 (6.8) 58 (4.4)
 Unknown 11 (1.8) 18 (1.4)
 None 243 (40.2) 315 (24.1)
Injury Severity Score ≥16 <0.001
 No 469 (77.6) 1,131 (86.6)
 Yes 135 (22.4) 175 (13.4)
TBI (head AIS ≥1) <0.001
 No 376 (62.3) 997 (76.3)
 Yes 228 (37.7) 309 (23.7)
Severe TBI (head AIS ≥3) <0.001
 No 484 (80.1) 1,223 (93.6)
 Yes 120 (19.9) 83 (6.4)
In-hospital mortality <0.001
 Alive 559 (92.5) 1,274 (97.5)
 Expired 45 (7.5) 32 (2.5)
Values are presented as median (interquartile range) or number (%).
TBI, traumatic brain injury; AIS, Abbreviated Injury Scale.
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DISCUSSION 

This study aimed to identify the relationship between the use of 
helmets, occurrence of TBIs and severe TBIs, and in-hospital 
mortality in motorcycle accidents. The study also aimed to deter-
mine whether different types of helmets affected the occurrence 
of TBIs and severe TBIs and in-hospital mortality. Our study did 
not directly evaluate the injury-preventing function of helmets 
like the experiments conducted under uniform conditions, rath-
er, retrospectively analyzed the EDIIS data. We observed that 
wearing a helmet reduced the occurrence of TBIs and severe 
TBIs and in-hospital mortality, which was consistent with the 
findings of other studies [6,7], which indicated that helmets miti-
gated head injuries in motorcycle accidents. Liu et al. [7] reported 
that wearing helmet decreased head injuries and mortality by 
69% and 42%, respectively. These findings were very similar to 
our results, which showed that wearing a helmet reduced the in-

cidence of TBIs (aOR, 0.544; 95% CI, 0.436–0.678) and in-hospi-
tal mortality (aOR, 0.325; 95% CI, 0.203–0.519). 

Our study showed reduced incidence of TBI in the full-face 
helmet group. This was consistent with the findings of Tabary et 
al. [9]. However, the P-value in our study was 0.027, which was 
significant compared to the very limited evidence used in the 
aforementioned study. In addition, the report by Tabary et al. [9] 
showed that wider the area covered by the helmet including the 
face, lower was the degree of damage. We agree with the fact that 
the position of helmet at the time of the accident is an important 
factor for TBIs [15]. One study reported that protection of chin is 
an important differentiating factor between full-face helmets and 
other helmet types [16]. This study by Richter et al. [16] reported 
a high prevalence of damage to the chin guard region. Addition-
ally, Otte [17] identified the distribution of impact locations on 
motorcycle helmets for all types of collisions and found that the 
rate reached 34.6% for the chin guard. On this basis, the Motorcy-

Table 2. Logistic regression to predict traumatic brain injuries (n=1,910)

Variable Adjusted odds ratio 95% Confidence interval P-value
Age ≥65 yr 1.012 1.006–1.017 <0.001
Season
 Spring Reference
 Summer 1.152 0.862–1.541 0.339
 Autumn 1.314 0.994–1.735 0.055
 Winter 0.627 0.497–0.887 0.002
Admission time
 Dawn (00:00–05:59) Reference
 Morning (06:00–11:59) 0.934 0.652–1.340 0.712
 Afternoon (12:00–17:59) 0.967 0.697–1.343 0.843
 Night (18:00–23:59) 0.756 0.608–0.941 0.012
Alcohol consumption
 No Reference
 Yes 2.643 1.914–3.650 <0.001
Opponent object
 Pedestrian Reference
 Two-wheel vehicle 0.371 0.188–1.280 0.116
 Four-wheel small vehicle 0.596 0.190–1.869 0.375
 Four-wheel large vehicle 0.758 0.225–2.558 0.655
 Fixed object 0.749 0.223–2.517 0.641
 Unknown 4.624 2.099–0.188 0.001
 None 0.676 0.531–0.859 0.001
Use of helmet
 No Reference
 Yes 0.544 0.436–0.678 <0.001
Variables included in multiple logistic regression: age ≥65 years, season, admission time, alcohol consumption, opponent object, and use of hel-
met.
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Table 3. Comparison of patients according to type of helmet in the group with known helmet type (n=596)

Characteristic
Helmet group

P-value
Half-face (n=125) Open-face (n=185) Full-face (n=286)

Age (yr) 39.0 (24.3–57.0) 35.0 (25.0–52.0) 37.5 (26.0–49.8) 0.743
 ≥65 0.201
  No 101 (80.8) 162 (87.6) 248 (86.7)
  Yes 24 (19.2) 23 (12.4) 38 (13.3)
Sex 0.825
 Male 118 (94.4) 177 (95.7) 272 (95.1)
 Female 7 (5.6) 8 (4.3) 14 (4.9)
Season 0.042
 Spring 29 (23.2) 36 (19.5) 87 (30.4)
 Summer 36 (28.8) 56 (30.3) 69 (24.1)
 Autumn 31 (24.8) 59 (31.9) 63 (22.0)
 Winter 29 (23.2) 34 (18.4) 67 (23.4)
Admission time 0.900
 Dawn (00:00–05:59) 17 (13.6) 27 (14.6) 39 (13.6)
 Morning (06:00–11:59) 18 (14.4) 24 (13.0) 33 (11.5)
 Afternoon (12:00–17:59) 36 (28.8) 48 (25.9) 90 (31.5)
 Night (18:00–23:59) 54 (43.2) 86 (46.5) 124 (43.4)
Alcohol consumption 0.094
 No 119 (95.2) 171 (92.4) 277 (96.9)
 Yes 6 (4.8) 14 (7.6) 9 (3.1)
Type of road <0.001
 Highway 0 0 0
 General road 123 (98.4) 170 (91.9) 282 (98.6)
 Alley 2 (1.6) 15 (8.1) 4 (1.4)
 Unknown 0 0 0
Opponent object <0.001
 Pedestrian 0 3 (1.6) 4 (1.4)
 Two-wheel vehicle 14 (11.2) 9 (4.9) 29 (10.1)
 Four-wheel small vehicle 74 (59.2) 109 (58.9) 167 (58.4)
 Four-wheel large vehicle 7 (5.6) 10 (5.4) 17 (5.9)
 Fixed object 2 (1.6) 13 (7.0) 11 (3.8)
 Unknown 1 (0.8) 0 2 (0.7)
 None 27 (21.6) 41 (22.2) 56 (19.6)
Injury Severity Score ≥16 0.462
 No 110 (88.0) 156 (84.3) 238 (83.2)
 Yes 15 (12.0) 29 (15.7) 48 (16.8)
TBI (head AIS ≥1) 0.056
 No 100 (80.0) 143 (77.3) 245 (85.7)
 Yes 25 (20.0) 42 (22.7) 41 (14.3)
Severe TBI (head AIS ≥3) 0.924
 No 117 (93.6) 175 (94.6) 268 (93.7)
 Yes 8 (6.4) 10 (5.4) 18 (6.3)
In-hospital mortality 0.057
 Alive 125 (100) 179 (96.8) 275 (96.2)
 Expired 0 6 (1.0) 11 (3.8)
Values are presented as median (interquartile range) or number (%).
TBI, traumatic brain injury; AIS, Abbreviated Injury Scale.
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cle Safety Guide provided by the CDC emphasizes the impor-
tance of full-face helmets. Similarly, Tabary et al. [9] also reported 
that full-face type helmets remained fixed in the most intact posi-
tion at the scene after the accident, and this benefit had the most 
significant effect on mortality in motorcycle traffic accidents. 
This fact is also supported by findings on the relationship be-
tween helmet loss during accident and fatal injury [16]. The UN-
ECE regulation [12], currently used in more than 50 countries 
and the world's most popular motorcycle helmet test standard, 
provides safety regulations for helmet users. However, the useful-
ness of this certification is debated as it does not test for penetra-
tion and has no test for chin guards [18]. Motorcyclists who pur-
chase helmets should be made aware that only full-face helmets 
achieve their true function, that is ensuring safety. The Eastern 
Association for the Surgery of Trauma (EAST) Guidelines Com-
mittee Injury Prevention Task Force of the United States con-
ducted a study on the effectiveness of full-face helmets to develop 
practice management guidelines for the use of motorcycle hel-
mets [19]. This meta-analysis was published in 2022, which con-
cluded that full-face helmets prevented TBIs and recommended 
their use in motorcyclists [19]. Although the full-face helmet is 
not a specific advanced case, it was found that if the helmet law 
was repealed in the United States, the use of helmets decreased 
significantly, and consequently death and TBI increased [6]. 
Conversely, the use of helmets has been found to increase with 
the enactment of the helmet wearing law, and it is expected that 

Table 4. Logistic regression to predict traumatic brain injuries in the group with known helmet type (n=596)

Variable Adjusted odds ratio 95% Confidence interval P-value
Age ≥65 yr 1.017 1.005–1.028 0.004
Alcohol consumption
 No Reference
 Yes 2.423 1.036–5.670 0.041
Opponent object
 Pedestrian Reference
 Two-wheel vehicle 0.517 0.084–3.176 0.477
 Four-wheel small vehicle 0.519 0.098–2.772 0.440
 Four-wheel large vehicle 0.551 0.086–3.546 0.531
 Fixed object 0.337 0.047–2.440 0.282
 Unknown 1.453 0.077–27.248 0.803
 None 0.496 0.272–0.905 0.022
Type of helmet
 Half-face Reference
 Open-face 1.243 0.707–2.182 0.450
 Full-face 0.612 0.396–0.944 0.027
Variables included in multiple logistic regression: age ≥65 years, sex, season, admission time, alcohol consumption, opponent object, type of road, 
and type of helmet.

the incidence of TBI would decrease with promulgation of laws 
regarding the use of full-face helmets. 

Interestingly, with respect to sex, the current study found a 
higher proportion of unhelmeted female patients (93 of 171, 
29.4% vs. 511 of 1,739, 54.4%) (Table 1). Although the reason for 
this disparity remains unknown, these findings highlight the 
need to increase the awareness and use of helmets in women. 
Meanwhile, although several studies found that alcohol use was 
an influencing factor for mortality or severe injury in motorcycle 
traffic accidents [20,21], our result indicated that alcohol con-
sumption was a risk factor for the occurrence of TBIs and severe 
TBIs. Jeong et al. [11] reported that alcohol consumption was as-
sociated with high risk of TBI because of the tendency to not to 
wear a helmet when intoxicated. However, our results support 
that the use of correct type of helmet, rather than alcohol intake 
itself, reduced injuries and affected the severity of injury. Future 
research are needed to establish the direct effect of alcohol con-
sumption on the severity of injury. 

This study had some limitations. First, the possibility of bias 
could not be ruled out owing to the retrospective study design. 
Second, although the EDIIS is a nationwide system, there may 
have been a bias in patient recruitment since the participating 
medical institutions were relatively high-level emergency depart-
ments. Third, the missing data in the group that wore unknown 
type of helmet exceeded the number in the group that wore accu-
rate type of helmet. However, to compensate for the statistical 
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Table 5. Comparison between the unknown and known type of helmet groups (n=1,306)

Characteristic
Helmet type

P-value
Unknown (n=710) Known (n=596)

Age (yr) 36 (26–50) 37 (26–52) 0.449
 ≥65 0.112
  No 630 (88.7) 511 (85.7)
  Yes 80 (11.3) 85 (14.3)
Sex 0.129
 Male 661 (93.1) 567 (95.1)
 Female 49 (6.9) 29 (4.9)
Season <0.001
 Spring 157 (22.1) 152 (25.5)
 Summer 202 (28.5) 161 (27.0)
 Autumn 270 (38.0) 153 (25.7)
 Winter 81 (11.4) 130 (21.8)
Admission time 0.381
 Dawn (00:00–05:59) 96 (13.5) 83 (13.9))
 Morning (06:00–11:59) 109 (15.4) 75 (12.6)
 Afternoon (12:00–17:59) 217 (30.6) 174 (29.2)
 Night (18:00–23:59) 288 (40.6) 264 (44.3)
Alcohol consumption 0.084
 No 659 (92.8) 567 (95.1)
 Yes 51 (7.2) 29 (4.9)
Type of road <0.001
 Highway 1 (0.1) 0
 General road 638 (89.9) 575 (96.5)
 Alley 65 (9.1) 21 (3.5)
 Unknown 6 (0.9) 0
Opponent object <0.001
 Pedestrian 4 (0.6) 7 (1.2)
 Two-wheel vehicle 30 (4.2) 52 (8.7)
 Four-wheel small vehicle 409 (57.6) 350 (58.7)
 Four-wheel large vehicle 29 (4.1) 34 (5.7)
 Fixed object 32 (4.5) 26 (4.4)
 Unknown 15 (2.1) 3 (0.5)
 None 191 (26.9) 124 (20.8)
Injury Severity Score ≥16 0.051
 No 627 (88.3) 504 (84.6)
 Yes 83 (11.7) 92 (15.4)
TBI (head AIS ≥1) <0.001
 No 509 (71.7) 488 (81.9)
 Yes 201 (28.3) 108 (18.1)
Severe TBI (head AIS ≥3) 0.733
 No 663 (93.4) 560 (94.0)
 Yes 47 (6.6) 36 (6.0)
In-hospital mortality 0.473
 Alive 695 (97.9) 579 (97.1)
 Expired 15 (2.1) 17 (2.9)
Values are presented as median (interquartile range) or number (%).
TBI, traumatic brain injury; AIS, Abbreviated Injury Scale.
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bias resulting from this difference, we performed an analysis, the 
description of which is presented separately in Table 5. Fourth, 
the number of variables for each type of helmet was small, al-
though the number of patients included in our study was much 
higher compared to foreign studies. Finally, since the predefined 
variables of EDIIS lack specificity for evaluation of all important 
factors, our findings may have limited generalizability and validi-
ty. Future studies encompassing more hospitals of all levels and 
more detailed patient information would help address these lim-
itations and provide information that is more representative of 
the entire Korean population. 

In conclusion, the use of a helmet is very important as it plays a 
significant role in reducing the occurrence of TBIs and severe 
TBIs and in-hospital mortality in motorcycle accidents. Although 
the study did not rank the types of helmets for better protection, 
we found that the use of a full-face helmet lowered the incidence 
of TBIs. It is recommended that in future studies, ranking by type 
of helmet be established with an increased number of variables 
for each type of helmet, which would be helpful in supplement-
ing education and laws for motorcyclists.  
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Thoracolumbar spine fracture patterns, etiologies, and 
treatment modalities in Jordan   
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Purpose: Spine fractures are a significant cause of long-term disability and socioeconomic burden. 
The incidence of spine fractures tends to increase with age, decreased bone density, and fall risk. In 
this study, we evaluated thoracolumbar fractures at a tertiary hospital in Jordan regarding their fre-
quency, etiology, patterns, and treatment modalities. 
Methods: The clinical and radiological records of 469 patients with thoracolumbar fractures admit-
ted to King Hussein Medical City from July 2018 to August 2022 were evaluated regarding patients’ 
age, sex, mechanism of injury, fracture level and pattern, and treatment modalities. 
Results: The mean age of patients was 51.24±20.22 years, and men represented 52.3%. Compression 
injuries accounted for 97.2% of thoracolumbar fractures, and the thoracolumbar junction was the 
most common fracture location. Falling from the ground level was the most common mechanism 
and accounted for half of the injuries. Associated neurological injuries were identified in 3.8% of pa-
tients and were more common in younger patients. Pathological fractures were found in 12.4% and 
were more prevalent among elderly patients and women. 
Conclusions: Traffic accidents and falling from height were the most common causes of spine frac-
tures in patients younger than 40. However, 70% of spine fractures in women were caused by simple 
falls, reflecting the high prevalence of osteoporosis among women and the elderly. Therefore, traffic 
and work safety measures, as well as home safety measures and osteoporosis treatment for the elder-
ly, should be recommended to reduce the risk of spine fractures. 
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INTRODUCTION 

Spine fractures are a significant cause of long-term disability and 
socioeconomic burden [1,2]. The incidence of spine fractures 
tends to increase with age, decreased bone density, and fall risk. 
However, increasing road traffic accidents have led to a higher 

frequency of spine injuries in young people [3,4]. 
Spinal injuries can result from injury to bony structures and 

the surrounding ligaments [5]. The involvement of the spinal 
cord may lead to devastating injuries [6]. Thoracolumbar frac-
ture classification systems are used to facilitate effective commu-
nication between spine surgeons, guide treatment, and help pre-
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dict the prognosis. An ideal classification system should be sim-
ple, comprehensive, reliable, and reproducible with predictive 
outcomes. Most of the existing classifications have certain advan-
tages and disadvantages. Denis three-column spine model, pro-
posed in 1989, was subsequently used to develop the AO classifi-
cation of spinal injuries, which includes three categories: com-
pression fracture (group A), distraction injury (group B), and 
translational injury or rotational injury (group C), and the severi-
ty and the need for surgery increase from group A to C [7–9]. 

Thoracolumbar junction fractures (T10 to L2) are the most 
common spinal column injuries because of the large amount of 
biomechanical stress involving this region due to the transition 
from the less mobile thoracic spine to the dynamic lumbar spine 
[10]. In this review, we evaluated the frequency, etiology, pat-
terns, and treatment of thoracolumbar fractures at a tertiary hos-
pital in Jordan. 

METHODS 

Ethics statements 
This study was approved by the Human Research Ethics Com-
mittee of Royal Medical Services (No. 23/2022). The requirement 
for informed consent was waived due to the retrospective nature 
of the study. 

Study design 
This retrospective study reviewed the clinical and radiological re-
cords of all thoracolumbar fractures admitted to King Hussein 
Medical City (Amman, Jordan) from July 2018 to August 2022. 
King Hussein Medical City is a referral center for all districts and 
health sectors in the kingdom. In total, 469 thoracolumbar pa-
tients with fractures were enrolled in this study, their sociodemo-
graphic data were extracted from their records, and their radio-
graphs were reviewed using a picture archiving and communica-
tion system to analyze the fractures’ locations and patterns. 

The patients’ age, sex, mechanism of injury, level of fracture, 
fracture pattern, and treatment modalities were obtained. The 
AO classification system was used to classify fractures into type A 
(compression injuries, including wedge, burst, spinous, and 
transverse process fractures), type B (distraction injuries, as rep-
resented by Chance fractures), and type C (torsional injuries, 
which result in fracture-dislocation). 

Treatment was classified as conservative, kyphoplasty, verte-
broplasty, and fusion. The mechanism of injury was classified 
into simple falls (from ground level), falls from height, road traf-
fic accidents, and others. Age groups were classified into 18 to 40, 

40 to 64, and older than 65 years. Pediatric patients (younger 
than 18 years) were excluded from the study. 

Statistical analysis 
The mean and standard deviation were used to describe the con-
tinuously measured variables and the median and interquartile 
range for continuous variables with skewness. The frequency and 
percentage were used to describe the categorically measured vari-
ables. Multiple-response dichotomy analysis was applied to de-
scribe multiple-choice variables. The Kolmogorov-Smirnov test 
was used to assess the statistical normality assumption for metric 
variables. The bivariate chi-square test of association was used to 
assess the correlations between categorical variables. However, 
the continuity-corrected chi-square and the likelihood ratio chi-
square test of association were used when the statistical count as-
sumption was violated in some contingency tables with fewer 
than expected counts for the 2 × 2 and 2-way tables. IBM SPSS 
ver. 21 (IBM Corp) was used for the statistical data analysis. The 
alpha significance level was set at 0.050.  

RESULTS 

The records of 469 patients were retrospectively reviewed. The 
mean age of the patients was 51.24 ± 20.22 years, and male pa-
tients represented 52.7% of the sample (Table 1). Compression 
fractures accounted for most thoracolumbar injuries (97.2%), 
and wedge and burst fractures were the most common form of 
compression fractures, accounting for 52.2% and 41.4%, respec-
tively. Distraction and translational injuries represented 2.8% of 
all injuries. However, associated neurological lesions were identi-
fied in 3.8% of patients, and pathologies were found in 12.4%. In-
juries mainly occurred in the lumbar spine (83.6%). However, 
90% of fractures occurred in the thoracolumbar junction (Fig. 1). 

Falls from the ground level were the most common mecha-
nism, accounting for half of the injuries, while falling from height 
and road traffic accidents caused 26.7% and 21.3% of fractures, 
respectively. Most patients (58.0%) were treated surgically, main-
ly by surgical fusion and kyphoplasty. However, conservative 
treatment was the treatment for 42.0% of patients. 

When comparing the incidence of thoracolumbar fractures be-
tween different sexes and ages, more than 50% of thoracolumbar 
spine fractures in female patients occurred in patients older than 
65 years. In contrast, about half of fractures in male patients were 
observed in patients under the age of 40 years. Additionally, inju-
ries involving higher thoracic spine levels (especially T6 to T9) 
were significantly associated with younger age groups. Neverthe-
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Table 1. Descriptive analysis of the patients and their fractures (n=469)

Variable No (%)
Sex
 Female 222 (47.3)
 Male 247 (52.7)
Age (yr)
 ≤39 162 (34.5)
 40–64 144 (30.7)
 ≥65 163 (34.8)
Fracture classification and pattern
 Compression injury 456 (97.2)
  Wedge 245 (52.2)
  Burst 194 (41.4)
  Transverse process 15 (3.2)
  Spinous process 2 (0.4)
 Distraction injury (Chance) 5 (1.1)
 Translational injury (fracture dislocation) 8 (1.7)
Pathological fracture 58 (12.4)
Associated neurological injury 18 (3.8)
Mechanism of injury
 Simple fall 233 (49.7)
 Fall from height 125 (26.7)
 Road traffic accident 100 (21.3)
 Others 11 (2.3)
Received treatment
 Conservative 197 (42.0)
 Fusion surgery 151 (32.2)
 Kyphoplasty 105 (22.4)
 Vertebroplasty 16 (3.4)

Fig. 1. The distribution of thoracolumbar fractures. The numbers represent the percentage of each vertebra fracture.
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less, there was no significant difference in lumbar fractures in the 
different age groups (Figs. 2, 3). 

Compression injuries were the most common pattern across 
all age groups. Additionally, pathological fractures were more 
prevalent among the elderly and female patients, and associated 
neurological injuries were more likely in younger patients. Young 
patients were more likely to have experienced high-energy injury 
mechanisms such as falls from heights and road traffic accidents. 
However, spinal fractures in elderly patients were due to simple 
falls. Most spine fractures in the younger age group mandated fu-
sion surgery, unlike elderly patients, whose fractures were mostly 
treated by kyphoplasty (Table 2). 

DISCUSSION 

Epidemiological studies on spinal fractures are lacking in Jordan; 
thus, this study analyzed thoracolumbar fracture patients admit-
ted to the spine unit in King Hussein Medical City. The results of 
this study improve our understanding of the incidence of spinal 
fractures in Jordan, helping to identify the needs of our health-
care system and suggesting guidelines for protective measures. 

The first 10 thoracic vertebrae are connected by ribs to the 
sternum anteriorly; therefore, the thoracic spine is less mobile 
than the lumbar spine due to the stability provided by the thorac-
ic cage. In contrast, the thoracolumbar region (T10 to L2) and 
lumbar region are flexible, and the transition from a less mobile 
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thoracic cage to the lumbar spine explains the high frequency of 
traumatic spinal injuries and degenerative changes in this region. 
The spinal cord ends at L1 to L2. Therefore, fractures associated 
with neurological injuries above this level result in upper motor 
neuron manifestations and lower motor neuron presentations at 
a lower level [11–13]. 

Many factors play an important role in fracture patterns, such 
as the mechanism of injury, the age of patients, and preexisting 
bone pathology. Spine fractures occur mainly with high-energy 
injuries such as falls and road traffic accidents. Pathological frac-
tures and osteoporotic fractures might happen with minor trau-
ma [14,15]. 

When comparing our results with similar studies from other 

countries in the region—specifically, Saudi Arabia [16] and the 
United Arab Emirates (UAE) [17]—we found a higher mean age 
of the patients (51.24± 20.22 years) than was reported in the Sau-
di study (36.9± 16.2 years) or the UAE study (37.5± 12.5 years). 
Similarly, in our study, male and female patients were affected 
nearly equally. However, male patients outnumbered female pa-
tients by four times in the Saudi study and nine times in the UAE 
study. We explain this difference in age and sex as resulting from 
the large number of expatriate workers in the Gulf area, most of 
whom are young men. Falling from height was the leading cause 
of spine injuries in Jordan, while traffic accidents were the most 
common cause in the Saudi Arabia and UAE studies.  

Simple falls were the most common mechanism of spine frac-

Sex (%)
P-value

Male Female
0.8 0 0.529
1.6 0 0.161
1.2 0 0.286
3.6 1.8 0.225
1.6 1.4 >0.999
2.4 2.3 >0.999
4.5 2.7 0.311
3.2 3.2 >0.999
5.7 1.4 0.013a)

4.0 3.2 0.604

8.1 8.6 0.857

17.0 29.3 0.002a)

35.2 33.8 0.747

21.5 18.5 0.419

14.6 13.1 0.636

11.3 10.4 0.735

4.9 3.6 0.502

Fig. 2. Thoracolumbar fracture distribution among both sexes. The 
numbers represent the percentage of each vertebral fracture within 
the same sex. a)Statistically significant difference.

Fig. 3. Thoracolumbar fracture distribution among different age 
groups. The numbers represent the percentage of each vertebral frac-
ture within the same age category. a)Statistically significant difference.

Age (yr) (%)
P-value

≤39 40–64 ≥65
0.6 0.7 0 0.432
1.9 0.7 0 0.118
1.2 0.7 0 0.246
4.3 2.1 1.8 0.349
2.5 1.4 0.6 0.370
4.9 1.4 0.6 0.026
6.2 4.2 0.6 0.011a)

6.8 1.4 1.2 0.008a)

6.2 3.5 1.2 0.048
5.6 4.2 1.2 0.075

8.6 9.0 7.4 0.853

23.5 20.8 23.9 0.787

35.2 36.1 32.5 0.785

17.9 20.8 21.5 0.692

16.0 11.1 14.1 0.456

10.5 9.0 12.9 0.546

5.6 2.1 4.9 0.286

T1
T1 T2

T2 T3
T3 T4
T4

T5T5
T6T6
T7T7
T8T8
T9T9
T10T10

T11T11

T12T12

L1L1

L2L2

L3L3

L4L4

L5L5

Almigdad et al. Spine fractures in Jordan

101www.jtraumainj.orghttps://doi.org/10.20408/jti.2022.0068



Table 2. Bivariate comparison between patients’ age groups and sex and spine fractures 

Variable
Age (yr) Sex

≤39 (n=162) 40–64 (n=144) ≥65 (n=163) P-value Female (n=222) Male (n=247) P-value
Fracture classification and pattern 0.018 0.804
 Compression injury 152 (93.8) 141 (97.9) 163 (100) 217 (97.7) 239 (96.8)
 Distraction injury 4 (2.5) 1 (0.7) 0 2 (0.9) 3 (1.2)
 Translational injury 6 (3.7) 2 (1.4) 0 3 (1.4) 5 (2.0)
Fracture pattern <0.001 0.031
 Wedge 78 (48.1) 72 (50.0) 95 (58.3) 115 (51.8) 130 (52.6)
 Burst 62 (38.3) 64 (44.4) 68 (41.7) 100 (45.0) 94 (38.1)
 Transverse process 10 (6.2) 5 (3.5) 0 2 (0.9) 13 (5.3)
 Spinous process 2 (1.2) 0 0 0 2 (0.8)
 Chance 4 (2.5) 1 (0.7) 0 2 (0.9) 3 (1.2)
 Fracture dislocation 6 (3.7) 2 (1.4) 0 3 (1.4) 5 (2.0)
Pathological fracture 1 (0.6) 9 (6.2) 48 (29.4) <0.001 45 (20.3) 13 (5.3) <0.001
Neurological injury 13 (8.0) 3 (2.1) 2 (1.2) 0.003 6 (2.7) 12 (4.9) 0.225
Mechanism of injury <0.001 <0.001
 Simple fall 21 (13.0) 68 (47.2) 144 (88.3) 157 (70.7) 76 (30.8)
 Fall from height 66 (40.7) 44 (30.6) 15 (9.2) 44 (19.8) 81 (32.8)
 Road traffic accident 70 (43.2) 26 (18.1) 4 (2.5) 17 (7.7) 83 (33.6)
 Others 5 (3.1) 6 (4.2) 0 4 (1.8) 7 (2.8)
Received treatment <0.001 <0.001
 Conservative 71 (43.8) 63 (43.8) 63 (38.7) 82 (36.9) 115 (46.6)
 Fusion surgery 89 (54.3) 54 (37.5) 9 (5.5) 56 (25.2) 95 (38.5)
 Kyphoplasty 3 (1.9) 20 (13.9) 82 (50.3) 74 (33.3) 31 (12.6)
 Vertebroplasty 0 7 (4.9) 9 (5.5) 10 (4.5) 6 (2.4)
Values are presented as number (%).

ture in patients older than 40 years. However, it was responsible 
for 47.2% of injuries in the middle age group and 88.3% for those 
older than 65 years. In contrast, road traffic accidents were the 
most common mechanism in young patients, followed by falls 
from height, and male patients are more prone to such mecha-
nisms. 

Compression injuries are the most common pattern across all 
age groups and in both sexes. However, the low frequency of mi-
nor fractures, such as transverse and spinous process fractures, is 
explained by the fact that our center is a referral center to which 
patients whose fractures need surgical intervention or even brac-
ing are referred. In contrast, fractures that did not need such 
treatment received treatment at the local hospitals distributed 
throughout Jordan. 

Thoracolumbar fractures were associated with neurological in-
juries in 3.8% of patients in our study, with no significant differ-
ence between the sexes. However, patients younger than 40 were 
more predisposed to neurological injuries, which is explained by 
the fact that injuries in this age group are more likely to be due to 
high-energy injuries such as road traffic accidents and falls from 
height. Otom et al. [18] retrospectively reviewed 151 patients in 

Jordan with traumatic spinal cord injuries during 1988–1993 and 
concluded that the estimated annual incidence was 18 per mil-
lion population; male patients represented the majority with a 
percentage of 85.4%, and the mean age was 33 years. Two-thirds 
of patients developed paraplegia, and the remaining third devel-
oped quadriplegia. Motor vehicle accidents were the commonest 
cause of traumatic spinal injury, followed by bullet injuries. 

Pathological spine fractures accounted for 12.4% of our cases 
and were more notable in female patients and patients older than 
65. However, this percentage would be higher if insufficiency 
fractures were included. In this study, we defined a fracture as 
pathological if there were pathological deposits to the spine or ra-
diological reports of pathological fracture. However, some re-
ports counted insufficiency fractures as pathological, although 
most of these fractures are not classified in the radiological re-
ports as pathological. Therefore, this percentage does not repre-
sent the actual prevalence of all pathological fractures, and the 
lack of sufficient data precludes a detailed analysis of pathological 
spine fractures. 

The prevalence of osteoporotic vertebral fractures steadily in-
creases with advancing age. Although most fractures heal well, 
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up to 30% of fractures can develop painful nonunion, progressive 
kyphosis, and neurological deficits. However, such patients will 
benefit from percutaneous interventions such as vertebroplasty 
and kyphoplasty, while unstable fractures and associated neuro-
logical deficits are candidates for spinal fusion [19,20]. 

Thoracolumbar spine fractures can be treated either nonopera-
tively or operatively, depending on the extent of bony injury, neu-
rological involvement, and posterior ligamentous complex integ-
rity. Most thoracolumbar fractures are stable and treated nonop-
eratively with a molded brace or hyperextension cast that allows 
early mobility [21,22]. In our sample, 42% received conservative 
treatment by bed rest and orthosis; one-third underwent surgical 
fixation, and 25% received vertebroplasty or kyphoplasty treat-
ment. Young male patients received fusion surgery more often 
because their high-energy injuries resulted in unstable spine frac-
tures, while female patients more frequently underwent kyphop-
lasty, which is explained by their higher osteoporotic risk. 

Vertebroplasty or kyphoplasty are minimally invasive vertebral 
cement augmentation techniques that give an alternative solution 
to prolonged bed rest or invasive spine surgery. Pain relief occurs 
due to fracture stabilization and thermal and chemical ablation of 
nerve endings [23,24]. 

The advantage of surgical treatment is that it fastens rehabilita-
tion and early mobilization and allows restoration of surgical 
alignment of the spine. Surgical intervention allows spinal canal 
decompression and thus can restore neurological function [25–
27]. Surgery carries the risk of blood loss and infection. Rechtine 
et al. [28] reported a 10% infection rate. Siebenga et al. [29] com-
pared the outcome between a group treated nonoperatively with 
5 days of bed rest followed by 3 months of a Jewett brace and an-
other group treated surgically with short-segment posterior pedi-
cle screw fixation and found higher scores in the surgically treat-
ed group after 4 years of follow-up. 

The main drawback of our study is the retrospective design, 
and the lack of adequate documentation of the injury mecha-
nism prevented a detailed analysis of the etiology. Grouping the 
mechanism of injury into broad categories, such as simple falls 
and falls from a height, makes it challenging to identify the exact 
causes of the injury and determine future preventive measures. 
The lack of data regarding spine pathology precludes a detailed 
analysis of this issue. 

In conclusion, traffic accidents and falling from heights were 
the commonest causes of spine fractures in patients younger than 
40 years. However, 70% of spine fractures in female patients were 
caused by simple falls, reflecting the high prevalence of osteopo-
rosis among female and elderly patients. Therefore, traffic and 

work safety measures should be enforced to reduce the risk of 
spine fractures in young patients, and home safety measures and 
osteoporosis treatment should be provided for elderly patients. 
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INTRODUCTION 

Traumatic inferior vena cava (IVC) injuries are rare among trau-
matic abdominal injuries, accounting for fewer than 5% of pene-

Experience of surgical treatments for abdominal inferior 
vena cava injuries in a regional trauma center in Korea
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Purpose: Inferior vena cava (IVC) injuries are a rare type of traumatic abdominal injuries that are 
challenging to treat and have a very high mortality rate. This study described our experience with 
the surgical treatment of traumatic IVC injuries, and we investigated the demographics, clinical 
profiles, and surgical outcomes of cases at a regional trauma center. 
Methods: Among the 16 patients who were treated for a traumatic IVC injury between January 2014 
and March 2022, 14 underwent surgery. The surgical outcomes included overall mortality and 24-
hour mortality, and we investigated the factors associated with these surgical outcomes. The 14 pa-
tients were divided into two groups according to the location of the IVC injury (retrohepatic IVC or 
higher vs. subhepatic IVC), and differences between the two groups were analyzed. 
Results: A body mass index (BMI) >23.0 kg/m2 (P=0.046), an elevated serum lactate level 
(P=0.043), and a shorter operation time (P=0.016) were associated with overall mortality. A higher 
BMI (P=0.050), higher serum lactate level (P=0.004), shorter operation time (P=0.005), and an inju-
ry at the retrohepatic IVC or higher level (P=0.031) were associated with 24-hour mortality. Younger 
age (P=0.028), higher BMI (P=0.005), more acidic pH, higher lactatemia (P=0.012), a higher hemo-
globin level (P=0.012), and shorter door-to-operating room time (P=0.028) were associated with in-
jury at the retrohepatic IVC or higher level. Patients with subhepatic IVC injuries had a high rate of 
direct repair (75.0%) and a significantly lower 24-hour mortality rate (37.5%, P=0.031). 
Conclusions: Subhepatic IVC injuries are easy to access and are usually expected to treat with a di-
rect repair method. Injuries at the retrohepatic IVC or higher level are difficult to treat surgically 
and require a systematic and multidisciplinary treatment strategy. 
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trating injuries and 0.5% of blunt trauma injuries [1]. However, 
they are often fatal, with prehospital and in-hospital mortality 
rates of 30% to 50% and 20% to 66%, respectively [2].  

There are various methods for treating traumatic IVC injuries, 
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including surgery, vascular grafting, and even close monitoring, 
depending on the injury level and patient stability. Although IVC 
repair is the mainstay treatment, in cases where repair is chal-
lenging because of massive bleeding, difficult access to the in-
jured site, or notable patient instability, ligation is a treatment op-
tion [3]. An atriocaval shunt can also be used to repair the retro-
hepatic IVC segment [4]. This variety of treatment methods illus-
trates the lack of consensus or guidelines, and survival rates have 
not significantly improved over time [5]. 

Currently, a higher level of injury, blunt trauma, and a lower 
Glasgow Coma Scale (GCS) score are associated with worse out-
comes of traumatic IVC injuries [3,6–8]. However, relatively few 
cases of IVC injuries have been studied to identify the prognostic 
factors. 

IVC injuries often require emergency treatment, and it can be 
difficult to collect data in those urgent situations. Moreover, IVC 
injuries are rare and information is scarce. In Korea, where the 
availability of authorized trauma centers is relatively recent, there 
have been few studies on traumatic IVC injuries, and most are 
case reports. Therefore, this study aimed to describe our experi-
ence with the surgical treatment of traumatic IVC injuries and to 
investigate the demographics, clinical profiles, and surgical out-
comes of cases at a regional trauma center. 

METHODS 

Ethics statements 
This study was reviewed and approved by the Institutional Re-
view Board Dankook University Hospital (No. DKUH 2022-11-
034). The requirement for informed consent was waived by the 
Institutional Review Board because this was a retrospective study 
and only anonymized data were used. 

Description of participants 
The medical records of patients admitted to a single regional 
trauma center for traumatic IVC injuries between January 2014 
and March 2022 were retrospectively reviewed. Nineteen patients 
with IVC injuries were identified. Among them, one patient had 
an IVC contusion only, one patient had an unnamed vessel 
branch injured near the IVC, and one patient was transferred 
from another hospital after already undergoing repair. Thus, 16 
patients were enrolled after the three above-mentioned patients 
were excluded. Of these 16 patients, two underwent medical 
treatment without surgery. Finally, 14 patients were enrolled for 
the analysis of surgical outcomes (Fig. 1). The surgical out-
comes included overall mortality and 24-hour mortality. We 

aimed to identify the factors associated with these surgical out-
comes and the differences between patients with injuries at the 
retrohepatic IVC or higher level and those with injuries at the 
subhepatic IVC level. 

Data collection 
Data regarding patient demographics, injury levels, initial clinical 
characteristics, initial laboratory values, treatments, and surgical 
outcomes were collected. The demographics included age, sex, 
body mass index (BMI), injury mechanism, cause of injury, pre-
hospital time, Injury Severity Score (ISS), and Abbreviated Injury 
Scale for each body part. Initial clinical characteristics included 
systolic blood pressure (SBP), heart rate per minute, mean arteri-
al pressure (MAP), and GCS score. Initial laboratory values in-
cluded pH, partial pressure of arterial oxygen, serum lactate level, 
hemoglobin, and international normalized ratio. Treatment data 
included cardiopulmonary resuscitation (CPR) in the emergency 
room (ER), door-to-operating room (DTO) time, main treat-
ment methods (direct repair, ligation, atriocaval shunt, observa-
tion, and others), amount of red blood cells (RBCs) transfused 
within the first 24 hours, and operation time. “Others” in the 
main treatment methods included procedures to stop bleeding 
such as gauze packing, direct manual compression, and resuscita-
tive endovascular balloon occlusion of the aorta. 

If the patient was intubated on arrival, the GCS verbal score 
was calculated using a linear regression model as follows [9]: 

Derived verbal score =  −0.3756 + motor score ×  (0.5713) + eye 
score ×  (0.4233) 

The abdominal IVC was anatomically divided into five segments 
as follows: (1) suprahepatic IVC, from the upper margin of the 
hepatic veins to the lower margin of the diaphragm; (2) retrohe-

Fig. 1. Patient selection flow chart in a study of patients with traumat-
ic inferior vena cava (IVC) injuries.

19 Patients coded with "injury of IVC" 
(2014.01–2022.03)

16 Cases in analysis

2 Observation 
cases

14 Surgical 
treatment cases

3 Excluded
1 Contusion at infrarenal IVC
1 Injury of unnamed vessel branch
1 �Transferred from another hospital 

after undergoing repair
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patic IVC, which is covered by the liver; (3) suprarenal IVC, from 
the upper margin of the renal vessels to the lower margin of the 
liver; (4) juxtarenal IVC, between the bilateral renal vessels; and 
(5) infrarenal IVC, from the bifurcation of the common iliac 
veins to the lower margin of the renal vessels (Fig. 2). In this 
study, subhepatic IVC included the IVC segments below the ret-
rohepatic IVC. 

Statistical analysis 
Categorial variables were analyzed using the Fisher exact test and 
continuous variables were analyzed using the Mann-Whitney 
U-test. Continuous variables were expressed as median values 
(interquartile range, IQR). Statistical significance was set at 
P < 0.05. Statistical analysis was conducted using R ver. 4.2.0 (R 
Foundation for Statistical Computing). 

RESULTS 

Demographics 
Of the 16 patients who had traumatic IVC injury, 10 (62.5%) 
were male and 15 (93.8%) had blunt trauma. The most common 
cause of traumatic IVC injury was a car-driver traffic accident 
(six patients, 37.5%), followed by falls (three patients, 18.8%). 
The median patient age was 48 years (IQR, 40–68 years), BMI 

was 23.4 kg/m2 (IQR, 21.0–26.1 kg/m2), prehospital time was 
92.5 minutes (IQR, 54.0–158.0 minutes), and ISS was 34 (IQR, 
25–43) (Table 1). The most common injury level was the retrohe-
patic IVC (six patients, 37.5%), followed by the infrarenal IVC 
(five patients, 31.3%), suprarenal IVC (two patients, 12.5%), jux-
tarenal IVC (two patients, 12.5%), and suprahepatic IVC (one 
patient, 6.3%) (Fig. 2). 

Clinical characteristics and initial laboratory findings 
During admission, the median SBP and MAP values were 86.5 
mmHg (IQR, 71.8–120.8 mmHg) and 60.5 mmHg (IQR, 54.7– 
85.3 mmHg), respectively. Patients had a moderate loss of con-
sciousness (median GCS, 10; IQR, 6–15). The initial laboratory 
data showed acidosis (median pH, 7.31; IQR, 7.24–7.37) with hy-
perlactatemia (median lactate, 4.3 mmol/L; IQR, 2.2–7.5 mmol/L) 
(Table 1). 

Treatment and surgical outcomes 
Of the 16 patients studied, eight (50.0%) underwent direct repair, 
two (12.5%) were closely monitored (observation), one (6.3%) 
underwent ligation, and one (6.3%) underwent an atriocaval 
shunt. Furthermore, four patients (25.0%) underwent other 
damage control surgery, and three (18.8%) underwent CPR in 
the ER. The median DTO time was 72.5 minutes (IQR, 55.8–
109.8 minutes) and the median number of RBC units transfused 
within the first 24 hours was 29.0 (IQR, 19.8–40.3). Of the two 
patients who were closely monitored, one had a pericaval hema-
toma at the infrarenal IVC level and received only an injection of 
tranexamic acid and fluid therapy because the hemodynamics 
were stable. The other patient was hypotensive on arrival and had 
extravasation at the retrohepatic IVC level. However, the hemo-
dynamics became stable after an initial transfusion of 2 units of 
RBCs. The patient was then closely monitored during hospital-
ization and received additional transfusions (14 units of RBCs, 7 
units of fresh-frozen plasma, and 30 units of platelet concentrate) 
and injections of tranexamic acid. Both patients that were closely 
monitored, eventually survived. Of the 14 patients who under-
went surgery, 11 (78.6%) did not survive, nine of whom (64.3%) 
died within 24 hours of admission (Table 1). 

Survivors who underwent damage control surgery 
The five survivors who underwent surgical treatment for trau-
matic IVC injury are presented in Table 2. All patients were in-
jured at the subhepatic IVC level and successfully underwent di-
rect repairs (venorrhaphy) in the first operation. Three patients 
were discharged alive and the remaining two died. One patient 

Suprahepatic IVC
1 (6.3%)

Retrohrpatic IVC
6 (37.5%)

Suprarenal IVC
2 (12.5%)

Juxtarenal IVC
2 (12.5%)

Infrarenal IVC
5 (31.3%)

Fig. 2. Anatomical levels of the inferior vena cava (IVC), distin-
guished by colors and frequency (percentage) of injuries in this study: 
red, suprahepatic IVC; orange, retrohepatic IVC; green, suprarenal 
IVC; blue, juxtarenal IVC; purple, infrarenal IVC.
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died of severe brain injury on hospital day 11, and the other died 
of septic shock with pneumonia on hospital day 12. 

Table 1. Overall patient characteristics, treatment, and surgical out-
comes 

Variable Value (n=16)
Male sex 10 (62.5)
Age (yr) 48 (40–68)
Body mass index (kg/m2) (n=14)a) 23.4 (21.0–26.1)
Prehospital time (min) 92.5 (54.0–158.0)
Injury mechanism (blunt) 15 (93.8)
Cause of injury
 In-car TA 6 (37.5)
 Motorcycle TA 2 (12.5)
 Pedestrian TA 2 (12.5)
 Fall 3 (18.8)
 Crash injury 2 (12.5)
 Stab wound 1 (6.3)
Injury Severity Score 34 (25–43)
Abbreviated Injury Scale
 Head and neck 0 (0–0)
 Chest 3 (2–3)
 Abdominopelvic 4 (4–5)
 Extremities and pelvis 0 (0–3)
Systolic blood pressure (mmHg) 86.5 (71.8–120.8)
Mean arterial pressure (mmHg) 60.5 (54.7–85.3)
Heart rate (beats/min) 96.0 (76.5–115.0)
Glasgow Coma Scale 10 (6–15)
pH 7.31 (7.24–7.37)
PaO2 (mmHg) 119.5 (60.8–209.3)
Lactate (mmol/L) 4.3 (2.2–7.5)
Hemoglobin (g/dL) 11.8 (9.0–13.1)
International normalized ratio (n=15)b) 1.22 (1.08–1.37)
CPR in the ER 3 (18.8)
DTO time (min) 72.5 (55.8–109.8)
Treatment method
 Direct repair 8 (50.0)
 Ligation 1 (6.3)
 Atriocaval shunt 1 (6.3)
 Othersc) 4 (25.0)
 Observationd) 2 (12.5)
Operation time (min) 100.0 (80.5–157.5)
Transfused RBC within 24 hr (unit) 29.0 (19.8–40.3)
Surgical outcome (n=14)
 Overall mortality 11 (78.6)
 24-hr Mortality 9 (64.3)
Values are presented as median (interquartile range) or number (%).
TA, traffic accident; PaO2, partial pressure of arterial oxygen; CPR, car-
diopulmonary resuscitation; ER, emergency room; DTO, door-to-op-
erating room; RBC, red blood cell.
a)Values of two patients were not available. b)Value of one patient was 
not available. c)Gauze packing, manual compression, and resuscitative 
endovascular balloon occlusion of the aorta. d)Medical treatment with 
close monitoring.
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Variables associated with surgical outcomes 
A BMI > 23.0 kg/m2 (P = 0.046), a higher serum lactate level 
(P= 0.043), and a shorter operation time (P= 0.016) were signifi-
cantly associated with overall mortality (Table 3). A higher BMI 
(P= 0.050), higher serum lactate level (P= 0.004), shorter opera-
tion time (P= 0.005), and injury at the retrohepatic IVC or high-

er level (P = 0.031) were significantly associated with 24-hour 
mortality in the univariate analysis (Table 3). 

Comparison according to the injury level of the IVC 
Younger age (P= 0.028), higher BMI (P= 0.005), more acidic pH 
(P = 0.028) with higher lactatemia (P= 0.012), higher hemoglo-

Table 3. Comparison between survivor and nonsurvivor groups following surgical treatment 

Variable
Overall mortality

P-value
24-hr Mortality

P-value
Survival (n=3) Death (n=11) Survival (n=5) Death (n=9)

Male sex 1 (33.3) 7 (63.6) 0.539 2 (40.0) 6 (66.7) 0.580
Age (yr) 41.0 (40.5–57.5) 48.0 (41.0–68.5) 0.815 57 (41–68) 47 (40–69) 0.841
Body mass index (kg/m2) 20.8 (20.0–21.4) 26.1 (23.3–26.1) 0.094 21.5 (20.8–22.0) 26.1 (25.4–27.7) 0.050
 ≥23.0 0 7 (63.6) 0.046 1 (20.0) 6 (66.7) 0.072
Prehospital time (min) 51.0 (37.0–121.0) 93.0 (55.0–146.0) 0.436 55.0 (51.0–70.0) 130.0 (55.0–147.0) 0.317
Injury mechanism (blunt) 2 (66.7) 11 (100) 0.214 4 (80.0) 9 (100) 0.357
Injury Severity Score 30 (28–36) 34 (25–43) 0.635 30 (25–42) 34 (25–43) 0.735
Abbreviated Injury Scale
 Head and neck 0 (0–0) 0 (0–0) 0.523 0 (0–0) 0 (0–0) 0.662
 Chest 3 (3–4) 3 (2–3) 0.665 3 (3–3) 3 (0–3) 0.504
 Abdominopelvic 5 (5–5) 4 (4–5) 0.352 4 (4–5) 4 (4–5) 0.885
 Extremities and pelvis 0 (0–0) 0 (0–3) 0.197 0 (0–0) 2 (0–3) 0.058
Systolic blood pressure (mmHg) 73.0 (66.0–104.0) 82.0 (71.0–112.5) >0.999 107.0 (73.0–131.0) 78.0 (68.0–94.0) 0.350
Mean arterial pressure (mmHg) 59.7 (52.3–79.3) 61.3 (54.0–75.5) >0.999 67.7 (59.7–99.0) 56.0 (52.7–64.0) 0.286
Heart rate (beats/min) 82.0 (82.0–95.5) 102.0 (71.5–131.0) 0.755 82.0 (82.0–109.0) 102.0 (72.0–130.0) 0.894
Glasgow Coma Scale 15 (11–15) 9 (6–13) 0.423 6 (6–15) 10 (7–15) 0.891
pH 7.37 (7.34–7.39) 7.27 (7.14–7.34) 0.119 7.37 (7.31–7.40) 7.27 (7.12–7.31) 0.061
PaO2 (mmHg) 194.0 (125.0–239.5) 80.0 (60.5–209.5) 0.815 56.0 (56.0–194.0) 82.0 (76.0–210.0) 0.229
Lactate (mmol/L) 2.3 (2.2–2.4) 5.2 (4.3–9.9) 0.043 2.3 (2.0–2.4) 7.3 (4.9–11.6) 0.004
Hemoglobin (g/dL) 10.5 (9.5–10.7) 11.9 (8.9–13.1) 0.350 10.5 (8.5–10.8) 13.0 (9.0–13.1) 0.182
International normalized ratio 1.05 (0.99–1.14) 1.24 (1.13–1.43) 0.127 1.19 (1.05–1.22) 1.25 (1.11–1.51) 0.163
CPR in ER 0 3 (27.3) >0.999 0 3 (33.3) 0.258
DTO time (min) 69.0 (68.0–99.0) 76.0 (51.0–101.5) 0.696 76.0 (69.0–129.0) 67.0 (50.0–85.0) 0.181
Treatment method 0.692 0.119
 Direct repair 3 (100) 5 (45.5) 5 (100) 3 (33.3)
 Ligation 0 1 (9.1) 0 1 (11.1)
 Atriocaval shunt 0 1 (9.1) 0 1 (11.1)
 Othersa) 0 4 (36.4) 0 4 (44.4)
Operation time (min) 200.0 (180.0–232.0) 90.0 (80.0–111.0) 0.016 160.0 (160.0–200.0) 82.0 (80.0–95.0) 0.005
Transfused RBC within 24 hr (unit) 40.0 (35.0–40.5) 28.0 (1.5–40.5) 0.456 36.0 (30.0–40.0) 28.0 (22.0–45.0) 0.797
IVC injury level 0.368 0.091
 Suprahepatic 0 1 (9.1) 0 1 (11.1)
 Retrohepatic 0 5 (45.5) 0 5 (55.6)
 Suprarenal 1 (33.3) 1 (9.1) 2 (40.0) 0
 Juxtarenal 1 (33.3) 1 (9.1) 1 (20.0) 1 (11.1)
 Infrarenal 1 (33.3) 3 (27.3) 2 (40.0) 2 (22.2)
Level (retrohepatic or higher) 0 6 (54.5) 0.209 0 6 (66.7) 0.031
Values are presented as number (%) or median (interquartile range).
PaO2, partial pressure of arterial oxygen; CPR, cardiopulmonary resuscitation; ER, emergency room; DTO, door-to-operating room; RBC, red 
blood cell; IVC, inferior vena cava.
a)Gauze packing, manual compression, and resuscitative endovascular balloon occlusion of the aorta.
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bin level (P= 0.012), and shorter DTO time (P= 0.028) were sig-
nificantly associated with injury at the retrohepatic IVC or higher 
level (Table 4). Although not statistically significant, the MAP 
was lower (P= 0.081) in patients with an injury at the retrohepat-
ic IVC or higher level, and CPR in the ER was performed more 
frequently in these patients (P= 0.055). All patients with injuries 
at the retrohepatic IVC or higher level who underwent surgical 
treatment died within 24 hours of admission. In contrast, pa-
tients with subhepatic IVC injuries had a high rate of direct re-
pair (75.0%) and a significantly low 24-hour mortality rate 
(37.5%, P= 0.031) (Table 4). 

Table 4. Comparison according to the injury level of IVC 

Variable Retrohepatic IVC or higher (n = 6) Subhepatic IVC (n = 8) P-value
Surgical outcome
 Overall mortality 6 (100) 5 (62.5) 0.209
 24-hr Mortality 6 (100) 3 (37.5) 0.031
Male sex 5 (83.3) 3 (37.5) 0.138
Age (yr) 41 (33–46) 69 (53–75) 0.028
Body mass index (kg/m2) 26.1 (26.1–28.5) 21.1 (19.6–21.9) 0.005
Prehospital time (min) 74.0 (47.5–120.8) 108.5 (54.0–198.3) 0.366
Injury mechanism (blunt) 6 (100) 7 (87.5) >0.999
Injury Severity Score 43 (36–43) 28 (25–36) 0.101
Abbreviated Injury Scale
 Head and neck 0 (0–0) 0 (0–1) 0.244
 Chest 3 (3–3) 3 (2–3) 0.518
 Abdominopelvic 5 (4–5) 4 (4–4) 0.326
 Extremities and pelvis 2 (0–3) 0 (0–1) 0.285
Systolic blood pressure (mmHg) 76.0 (18.5–81.0) 100.5 (71.8–121.3) 0.272
Mean arterial pressure (mmHg) 54.0 (13.2–59.8) 65.8 (58.8–99.9) 0.081
Heart rate (beats/min) 101.0 (60.3–108.0) 95.5 (79.5–130.5) 0.747
Glasgow Coma Scale 9 (4–14) 9 (6–15) 0.740
pH 7.14 (7.08–7.24) 7.34 (7.31–7.38) 0.028
PaO2 (mmHg) 81.0 (77.0–178.0) 127.0 (56.0–228.0) 0.651
Lactate (mmol/L) 9.9 (5.7–13.1) 3.3 (2.2–4.5) 0.011
Hemoglobin (g/dL) 13.1 (13.0–14.1) 9.7 (8.0–11.0) 0.011
International normalized ratio 1.25 (1.10–1.25) 1.21 (1.10–1.30) 0.942
CPR in ER 3 (50.0) 0 0.055
DTO time (min) 51.0 (47.8–63.3) 80.5 (74.3–120.8) 0.028
Treatment method 0.277
 Direct repair 2 (33.3) 6 (75.0)
 Ligation 0 1 (12.5)
 Atriocaval shunt 1 (16.7) 0
 Othersa) 3 (50.0) 1 (12.5)
Operation time (min) 92.5 (82.5–102.5) 138.5 (81.5–170.0) 0.244
Transfused RBC within 24 hr (unit) 36.0 (18.8–48.8) 32.5 (26.5–37.0) 0.852
Values are presented as number (%) or median (interquartile range).
IVC, inferior vena cava; PaO2, partial pressure of arterial oxygen; CPR, cardiopulmonary resuscitation; ER, emergency room; DTO, door-to-oper-
ating room; RBC, red blood cell.
a)Gauze packing, manual compression, and resuscitative endovascular balloon occlusion of the aorta.

DISCUSSION 

In this study, the overall and 24-hour mortality rates after surgery 
were 78.6% and 64.3%, respectively. These outcomes are slightly 
worse than those noted in previous studies, where the overall 
mortality rates ranged between 20% and 70% [5,8,10–14]. The 
worse outcomes in this study are probably because 13 of the 14 
patients who underwent surgery had blunt trauma, which is a 
known risk factor for mortality in traumatic IVC injury [7]. Of 
the nine deaths within 24 hours of admission, seven developed 
cardiac arrest due to massive bleeding during the operation and 
did not recover. For the remaining two deceased patients, the op-
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erations ended with uncontrolled bleeding. Therefore, 24-hour 
mortality in this study indicated a failure of damage control. 

Several prognostic factors associated with traumatic IVC inju-
ry have been reported. According to previous studies, a higher 
IVC injury level was a prognostic factor for mortality [3,8]. A re-
cent meta-analysis revealed that blunt trauma and injury at the 
suprarenal or higher IVC level were prognostic factors for mor-
tality in traumatic IVC injury [7]. It is difficult to expose the ret-
rohepatic IVC segment as the liver is attached to the anterior sur-
face of the IVC, and the major hepatic veins connect to this level; 
therefore, the mortality rate associated with a retrohepatic IVC 
injury can be as high as 90% [3]. Furthermore, in this study, com-
pared to patients with injury at the subhepatic IVC, those with 
injury at the retrohepatic IVC or higher level showed worse 24-
hour mortality rates in the univariate analysis. In a study of 16 
cases, multiple logistic regression analysis revealed lower GCS 
scores to be an independent factor for mortality [6]. We found 
that higher BMI and serum lactate levels were associated with 
mortality. Obesity has been reported as an independent risk fac-
tor for mortality in blunt trauma patients because the kinetic en-
ergy applied to the patient is in proportion to the mass; thus, obe-
sity may increase the energy and cause more severe injury [15]. A 
higher initial serum lactate level has been associated with higher 
injury severity and can predict massive hemorrhage in trauma 
patients [16]. However, because the currently available studies 
and this study have all had small sample sizes, further studies 
with a large population are required to confirm that these are 
prognostic factors for traumatic IVC injury. 

The surgical treatments for IVC injuries vary depending on the 
location of the injury. In general, the first step is to expose the in-
jured IVC segment and apply direct compression to the proximal 
and distal parts of the segment [1]. Direct repair can then be at-
tempted following proximal and distal control of the injured IVC. 
However, when repair is difficult due to massive bleeding, liga-
tion can be performed more quickly and easily for damage con-
trol [2]. In a study using data from the United States (2007 to 
2014), excluding other-vessel injuries and severe extraperitoneal 
injuries, there was no difference in mortality between ligation 
and repair, and ligation was not an independent factor for mor-
tality [17]. A recent meta-analysis showed that, compared with 
repair, ligation was associated with higher mortality. However, 
there was no significant difference in mortality rates for infrare-
nal IVC injuries [7]. Therefore, ligation appears to be a safe treat-
ment option, particularly in infrarenal injuries. Nevertheless, we 
were unable to save a patient with an infrarenal IVC injury de-
spite using ligation. For a retrohepatic IVC injury, liver mobiliza-

tion may be required to expose the segment, but massive hemor-
rhage from the injury site can occur with this procedure [5]. 
Therefore, in a retrohepatic IVC injury, without active bleeding 
or with only a contained hematoma, perihepatic gauze packing 
without mobilization should be performed [1]. However, if pack-
ing fails to control the bleeding, direct repair of the injured site 
may be the only way to do so. Total hepatic vascular occlusion or 
an atriocaval shunt can be used to achieve a clear operative field 
during repair. Since subhepatic and suprahepatic IVC clamping 
for total hepatic vascular occlusion also blocks venous return, it 
may cause cardiac arrest. Therefore, additional aortic clamping at 
the supraceliac level or a venovenous bypass may be required, al-
though outcomes have been reported to be poor [18,19]. Alter-
natively, an atriocaval shunt facilitates volume resuscitation 
during repair by isolating the injury site and maintaining venous 
return through a shunt using an endotracheal tube or a chest 
tube. As such, it can be used in a retrohepatic IVC injury with ac-
tive bleeding, a large injury site, and extreme hemodynamic in-
stability [4,5,20]. However, the reported outcomes of using an 
atriocaval shunt have also been unsatisfactory due to the severity 
of retrohepatic IVC injuries, the complexity of the procedure, the 
approach to the thorax, and delays in the decision to apply the 
procedure [4,20]. Richardson [21] reported a mortality rate of 
88% in 412 patients with atriocaval shunts. We had one case of 
retrohepatic IVC injury for whom total hepatic vascular occlu-
sion and an atriocaval shunt were ineffective. The patient was a 
24-year-old man who was crushed by 2,000 kg of building mate-
rial. Although venorrhaphy for a retrohepatic IVC injury was 
performed with total hepatic vascular occlusion, bleeding 
through an extended supradiaphragmatic IVC injury continued. 
By switching to an atriocaval shunt, the extended IVC injury was 
confirmed and venorrhaphy was successfully performed. Unfor-
tunately, the patient did not survive because the delay in deciding 
to apply the atriocaval shunt resulted in significant blood loss (57 
units of RBC were transfused during the operation). However, 
this case confirmed that an atriocaval shunt could be a better 
damage control tool than total hepatic vascular occlusion for pri-
mary repair of a retrohepatic IVC or higher level injury in terms 
of securing the operative field during massive bleeding. 

There were some limitations to this study. First, it was a retro-
spective study; therefore, important variables affecting surgical 
outcomes may have been missed. Moreover, data extracted from 
a review of medical records are not very reliable. Second, this was 
a single-center study, making it difficult to generalize the results 
to the overall population of patients with traumatic IVC injuries. 
Third, the statistical power of this study was weak because the 
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sample size was small (14 to 16 patients). 
Subhepatic IVC injuries, which are easy to access, can be usu-

ally treated with a direct repair method. A systematic and multi-
disciplinary treatment strategy is required to deal with injuries at 
the retrohepatic IVC or higher level that are difficult to treat sur-
gically. Since IVC injuries that require surgical treatment are rare, 
simulation training may be necessary to master the surgical skills 
needed for the complex damage control techniques (e.g., atrioca-
val shunt or ligation) and to understand their correct indications. 
This study described 14 cases in which surgical treatment was 
performed for IVC injury over a period of 9 years at a single in-
stitution. For a more comprehensive analysis, further studies are 
needed with larger populations and the participation of multiple 
centers. 
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The practicality of interleukin-6 in prognosis of blunt 
chest trauma in Korea: a retrospective study
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2Department of Trauma Surgery, Trauma Center, Ulsan University Hospital, Ulsan, Korea 
3Department of Nursing, Chosun Nursing College, Kwangju, Korea 

Purpose: There are many studies on the practicality of interleukin-6 (IL-6) as a prognostic predictor 
in patients with multiple severe traumas. However, few studies focus on the practicality of IL-6 in 
patients with chest trauma. So, this study investigated whether IL-6 is effective as a prognostic factor 
in patients with blunt chest trauma. 
Methods: A total of 44 blunt chest trauma patients who visited the regional trauma center from July 
to December 2021 were included in this retrospective study. Blood IL-6 levels were measured imme-
diately after emergency room admittance (IL-6 E) and 24 hours after trauma (IL-6 24). To deter-
mine whether IL-6 levels can predict the clinical course and prognosis of patients with blunt chest 
trauma, the correlation between IL-6 (IL-6 E and IL-6 24) and the trauma score system, Injury Se-
verity Score, Thoracic Trauma Severity Score, and Pulmonary Contusion Score, intensive care unit 
(ICU) stay period, and total hospitalization period were analyzed. 
Results: IL-6 E showed a good correlation with Injury Severity Score (P=0.505), Thoracic Trauma 
Severity Score (P=0.597), Pulmonary Contusion Score (P=0.493), ICU stay period (P=0.762), and to-
tal hospitalization period (P=0.662). However, IL-6 24 had a relatively low correlation compared to 
IL-6 E. Therefore, IL-6 E showed useful results for predicting the prognosis of patients with blunt 
chest trauma. 
Conclusions: Early plasma IL-6 levels (IL-6 E) can predict the injury severity of blunt chest trauma, 
length of ICU stay, and total hospitalization period. 
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INTRODUCTION 

The Injury Severity Score (ISS), New Injury Severity Score 
(NISS), Revised Trauma Score (RTS), Trauma and Injury Severi-
ty Scale (TRISS), and Glasgow Coma Scale are widely used in 
evaluating trauma severity and are designed to predict the prog-

ress and prognosis of acute severe trauma patients [1]. In a study 
by Orhon et al. [2], the ISS, NISS, RTS, and TRISS were useful for 
predicting trauma patients' mortality. The NISS, RTS, and TRISS 
were also significantly correlated with intensive care unit (ICU) 
treatment period, and the TRISS was highly correlated with me-
chanical ventilation time in trauma ICU treatment patients [2]. 
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The systemic inflammatory immune response in acute blunt 
trauma patients is an important pathophysiological mechanism 
for tissue damage, and the amplified inflammatory response can 
cause multiple organ failure syndromes [3]. Tumor necrosis fac-
tor-α (TNF-α) and interleukin-6 (IL-6) are well known as the 
major cytokines that cause such systemic inflammatory reactions 
[3]. When multiple organ failure occurs in trauma patients, the 
duration of ICU treatment and the period of artificial ventilator 
treatment are prolonged, which increases the long-term mortali-
ty and the risk of functional disability [4–7]. Other studies have 
reported that increased IL-6 and IL-8 levels and reduced IL-4 lev-
els in the early stage of trauma can cause systemic inflammatory 
response syndromes, acute respiratory distress syndrome, and 
multiorgan failure syndrome, which can increase morbidity and 
mortality [8]. 

To determine whether the IL-6 level in the blood was effective 
for prognosis in early trauma patients, Qiao et al. [9] performed a 
meta-analysis of studies evaluating IL-6 levels and the prognosis 
of trauma patients. As a result, the blood IL-6 level tested within 
24 hours after trauma was effective in predicting posttraumatic 
complications, especially the occurrence of multiple organ failure 
syndromes [9]. Gebhard et al. [10] periodically measured the 
blood IL-6 levels in the first 24 hours after trauma in severe trau-
ma patients and found they were correlated with the ISS. 

Thoracic trauma is associated with 60% of severe multiple 
trauma patients and has a 20% to 25% mortality rate [11]. De-
pending on the mechanism of injury, chest trauma is divided into 
blunt and penetrating wounds, and blunt injuries account for 
about 70% [11]. The proportion of blunt thoracic injuries is 
about 15% of all trauma patients, and when accompanied by pul-
monary contusions, 10% to 15% mortality is observed depending 
on the accompanying damage [11]. 

In the past, there have been many studies showing that IL-6 
levels in the blood are effective in predicting the prognosis of pa-
tients with multiple traumas caused by acute blunt injuries [9]. 
However, there have been few studies on IL-6 in blunt chest trau-
ma. In a study of 208 patients who visited a level I trauma center, 
Taniguchi et al. [12] showed that IL-6 levels in the blood tested 
immediately after arrival in the emergency room were correlated 
with the duration of ICU treatment and the Abbreviated Injury 
Scale (AIS) in the chest, abdomen, and musculoskeletal system. 
Other studies have shown that IL-6 and surfactant protein-D lev-
els were associated with complications in patients with multiple 
rib fractures and lung contusion with blunt chest injuries [13]. 

Therefore, the purpose of this study was to investigate whether 
the initial IL-6 level in blunt chest trauma patients was effective 

as a predictor of progress and prognosis. In blunt chest trauma 
patients who visited the trauma center, the IL-6 values were col-
lected immediately after emergency room admittance (IL-6 E) 
and 24 hours after trauma (IL-6 24). Statistical analysis was con-
ducted to determine whether the IL-6 values were correlated 
with the ISS, Thoracic Trauma Severity Score (TTSS), Pulmo-
nary Contusion Score (PCS), ICU treatment period, and total 
hospitalization period. 

METHODS 

Ethics statements 
The study was approved by the Institutional of Review Board of 
Cheju Halla General Hospital (No. 2002-L05-01). This study is a 
retrospective study of patient medical records. Hence, written in-
formed consent was not needed. 

Research subject 
Among the trauma patients who visited the regional trauma cen-
ter from July 1 to December 31, 2021, those with acute blunt 
chest injury were identified, and their medical records were re-
viewed retrospectively. Patients with traumatic brain and spinal 
cord injuries, musculoskeletal injury of AIS 3 or higher, and ab-
dominal injuries requiring surgery were excluded. For all patients 
with chest injuries who visited the regional trauma center, a basic 
blood IL-6 test was performed at the time of the emergency 
room visit and 24 hours after the injury. After reviewing the 
medical records, patients with missing test results and who visit-
ed the emergency room for more than 3 hours after trauma were 
excluded from the study. A total of 44 patients were selected for 
the study, excluding patients with inflammatory diseases and ma-
lignant tumors as underlying diseases and patients who under-
went cardiopulmonary resuscitation.  

Measure and definition 
The medical records of the included patients were reviewed for 
IL-6 E and IL-6 24, and the ISS, PCS, and TTSS values of each 
patient were calculated. Then, the number of days of treatment in 
the ICU (ICU stay) and the total number of days in the hospital 
(total hospitalization period) were calculated for each patient. 

The level of IL-6 in the blood was tested by electrochemilumi-
escence immunoassay analysis using the Cobas e 411 equipment 
(Hitachi, Tokyo, Japan ) at the Department of Laboratory Medi-
cine at Cheju Halla General Hospital, and the results were report-
ed within 60 minutes after requesting the test. 

The ISS is an anatomically-based consensus severity score sys-
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tem standardized by the Association for the Advancement of Au-
tomotive Medicine and the International Trauma Association. 
This scoring system divides the body into six parts to obtain the 
AIS value for each part, and the squares of the AIS values for the 
three most severe parts are summed. 

The PCS was devised by Kim et al. [14] using chest computed 
tomography (CT). In this grading method, both lungs were di-
vided into quadrants, and the right upper and middle lobes were 
included in one lobe, and the right lower, left upper, and lower 
left lobes were separate quadrants each. Each lobe was given 0 to 
3 points for the degree of lung contusion on the chest CT, and the 
scores of each lobe were summed up (0–12 points total) to obtain 
the PCS. The combined score was determined as follows: 0 to 2 
as mild, 3 to 5 as moderate, and 6 to 12 as severe [14]. 

The TTSS was described by Pape et al. [15]. Compared to the 
AIS or Lung Injury Scale, the TTSS is a system that is more suit-
able for thoracic trauma patients [15]. The TTSS consists of five 
items, the PaO2/FiO2 ratio, number of rib fractures, grade of 
lung contusion, pleural involvement, and patient’s age. The sum 
of the scores of the five items ranges from a minimum of zero 
points and a maximum of 25 points [15]. 

Statistical analysis 
IBM SPSS ver. 20.0 (IBM Corp) was used for the statistical analy-
sis of the collected data. The IL-6 E, IL-6 24, ISS, PCS, TTSS, ICU 
stay, and total hospitalization period were calculated, and de-
scriptive statistics were performed. A bivariate correlation analy-
sis was performed to determine whether there was a correlation 
between each variable. A multivariate linear regression analysis 
was performed to test the causality between IL-6 and treatment 
outcomes (ICU stay and total hospitalization period). A Pearson’s 
correlation was used, and a P-value less than 0.05 was defined as 
statically significant. The variance inflation factor was used to 
evaluate multicollinearity. 

RESULTS 

A total of 44 blunt chest trauma patients were selected for the 
study. The average age of the patients was 59.3 ± 15.8 years old, 
and the male to female ratio was 1.44:1. The average ISS was 
14.4± 8.0, TTSS was 8.6± 3.7, and PCS was 2.7± 2.3. The IL-6 E 
value of the patient group 474.7± 745.9 pmol/L, and the IL-6 24 
value was268.0± 531.6 pmol/L, showing a larger standard devia-
tion than the average value (Table 1, Figs. 1, 2). 

Only the blunt chest injury was present in 24 patients (55.6%). 
Eight patients (17.8%) had orthopedic fractures, two patients 

(4.4%) had orthopedic fractures and spleen injuries, three pa-
tients (6.7%) had facial bone fractures, three patients (6.7%) had 
vertebral fractures, two patients (4.4%) had liver injuries, one pa-
tient (2.2%) had a pelvic bone fracture, and one patient (2.2%) 
had a skull fracture (Table 2). 

To determine whether an IL-6 test can predict the clinical 
course and prognosis of patients with blunt chest trauma, the 
correlation between IL-6 (IL-6 E, IL-6 24) and the trauma score 
system, ICU stay period, and total hospitalization period was an-
alyzed (Table 3). 

IL-6 E levels showed a high correlation with the ISS, TTSS (Ta-
ble 3, Figs. 3, 4), and PCS, which can predict the patient`s prog-
nosis. IL-6 E levels were also highly correlated with the ICU stay 
and total hospitalization periods, which are determined by the 
patient`s treatment result (Table 3, Figs. 5, 6). IL-6 24 levels were 
correlated with the TTSS, ICU stay, and total hospitalization pe-
riod but had no correlation with the ISS and PCS. A multivari-
able linear regression analysis was performed with IL-6 E levels, 
the ISS, and the TTSS as independent variables to confirm the 
causality of IL-6 E levels with the ICU stay and total hospitaliza-
tion period (Table 4).  

The causality of IL-6 E levels was well explained with the ICU 
stay (standardized β coefficient, 0.424; P< 0.001) and with total 
hospitalization periods (standardized β coefficient, 0.345; 
P < 0.010). The variance inflation factors among the ISS, TTSS, 
and IL-6 E levels were under 10. 

DISCUSSION 

In this study, the level of IL-6 tested immediately after visiting the 

Table 1. Basic characteristics of patient and result of study (n=44)

Characteristic Value
Sex ratio 1.44:1
Age (yr) 59.3±15.8
Injury Severity Score 14.4±8.0
Thoracic Trauma Severity Score 8.6±3.7
Pulmonary Contusion Score 2.7±2.3
Intensive care unit stay (day) 1.8±3.5
Total hospitalization period (day) 24.2±16.1
IL-6 E (pmol/L) 474.7±745.9
IL-6 24 (pmol/L) 268.0±531.6
Values are presented as mean±standard deviation, unless otherwise 
indicated.
IL-6 E, interleukin-6 levels measured immediately after the emer-
gency room admittance; IL-6 24, interleukin-6 levels measured at 24 
hours after trauma.
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tients with chest trauma, only the IL-6 E level was correlated with 
the ISS (correlation coefficient, 0.505), and not the IL-6 24 level. 
Also, in this study, the IL-6 E level showed a good correlation 
with the TTSS (0.597) and PCS (0.493), whereas IL-6 24 level 
showed a correlation with only the TTSS (0.398). These results 
show that the IL-6 E level is more valuable than the IL-6 24 level 
in predicting the severity of the initial chest trauma. 

A number of studies have evaluated the association between an 
increase in serum IL-6 levels and multiple organ failure syn-
dromes in trauma patients [17–19]. Frink et al. [19] analyzed the 
association between the levels of TNF-α, IL-6, IL-8, and IL-10 in 

Fig. 1. Interleukin-6 levels measured immediately after the emergency room admittance (IL-6 E; n=44). SD, standard deviation.
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Fig. 2. Interleukin-6 levels measured at 24 hours after trauma (IL-6 24; n=44). SD, standard deviation.

emergency room of a patient with a blunt chest injury was 
found to be correlated with various indicators related to chest 
injuries, such as the ISS, TTSS, and PCS. In addition, it was 
found that there was a correlation between IL-6 E levels and the 
duration of ICU stay and the total hospitalization periods. IL-6 
24 levels were correlated with the TTSS, ICU stay, and total 
hospitalization periods. 

In several previous studies, blood IL-6 levels tested within 24 
hours in multiple trauma patients were reported to have a high 
correlation with the trauma severity score (correlation coeffi-
cient, 0.46–0.61) [10,12,16]. In this study, which focused on pa-
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Table 2. Associated injury (n=44)

Associated injury No. (%)
Thorax injury only 24 (54.5)
Fracture of extremity 8 (18.2)
Fracture of extremity and spleen injury 2 (4.5)
Facial bone fracture 3 (6.8)
Fracture of spine 3 (6.8)
Liver injury 2 (4.5)
Pelvic bone fracture 1 (2.3)
Simple skull fracture 1 (2.3)

Table 3. Correlation between IL-6 and injury scores and treatments 
outcomes

Variable IL-6 E (n=44) IL-6 24 (n=44)
ISS
 Pearson correlation 0.505** 0.117
 P-value <0.001 0.45
TTSS
 Pearson correlation 0.597** 0.398**
 P-value <0.001 0.007
PCS
 Pearson correlation 0.493** 0.28
 P-value 0.001 0.065
ICU stay
 Pearson correlation 0.762** 0.556**
 P-value <0.001 <0.001
Total hospitalization period
 Pearson correlation 0.662** 0.389**
 P-value <0.001 0.009
IL-6, interleukin-6; IL-6 E, interleukin-6 levels measured immediately 
after the emergency room admittance; IL-6 24, interleukin-6 levels 
measured at 24 hours after trauma; ISS, Injury Severity Score; TTSS, 
Thoracic Trauma Severity Score; PCS, Pulmonary Contusion Score; 
ICU, intensive care unit.
**P<0.01.
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Fig. 3. Scatterplot between Injury Severity Score (ISS) and interleu-
kin-6 levels measured immediately after the emergency room admit-
tance (IL-6 E).
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Fig. 4. Scatterplot between Thoracic Trauma Severity Score (TTSS) 
and interleukin-6 levels measured immediately after the emergency 
room admittance (IL-6 E).
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the blood of early trauma patients and the occurrence of multiple 
organ failure syndrome. The researchers reported that IL-6 was 
the most useful predictor of multiple organ failure [19]. Similarly, 
Jastrow et al. [17] and Cuschieri et al. [18] reported that the area 
under the curve (AUC) value of the correlation between blood 
IL-6 levels was high in predicting multiorgan dysfunction syn-
drome in the early stage of trauma (Jastrow et al. [17]: n = 48; 
blood IL-6 levels 4–8 hours after admission to the ICU; AUC, 
0.816; Cuschieri et al. [18]: n = 79; blood IL-6 levels over 12 
hours; AUC, 0.749; 95% confidence interval, 0.643–0.855). The 
occurrence of multiorgan dysfunction syndrome in patients with 
multiple trauma due to blunt injury prolongs the patients’ ICU 
treatment period and increases the incidence of complications 
[4,5]. In a study by Taniguchi et al. [12], the ICU treatment peri-
od was prolonged, and the mortality rate increased 28 days after 
hospitalization in a group of multiple blunt trauma patients with 
increased serum IL-6 E levels. This study on patients with blunt 
chest trauma showed a correlation between the increase in IL-6 E 
and IL-6 24 levels and the length of treatment in the ICU and to-
tal hospitalization period. This result is similar to the previous 
studies conducted on multiple trauma patients. 

According to past studies, blood IL-6 levels in patients with 
acute multiple trauma begin to rise immediately after injury and 
reach a peak within 6 hours after trauma [8,10]. Other studies in-
vestigated the association between the level of IL-6 in the blood 
within 4 to 12 hours after arriving at the emergency room, the 
trauma severity score, and the patient's clinical course and re-
ported that blood IL-6 levels are useful for determining patient 
prognosis [8,10,19]. However, based on the results of these stud-
ies, the IL-6 levels obtained 4 to 12 hours after arrival at the hos-
pital do not predict the severity and clinical course. According to 
the statistics of the regional trauma center, for most trauma pa-
tients, diagnosis and immediate necessary surgical and/or inter-

Table 4. Multivariable linear regression analysis

Variable β Standardized β P-value
Intensive care unit stay
 ISS 0.091 0.208 0.040
 TTSS 0.369 0.391 0.001
 IL-6 E 0.007 0.424 <0.001
Total hospitalization period
 ISS 0.771 0.387 0.003
 TTSS 0.871 0.203 0.128
 IL-6 E 0.027 0.345 0.010
ISS, Injury Severity Score; TTSS, Thoracic Trauma Severity Score; 
IL-6 E, interleukin-6 levels measured immediately after the emergen-
cy room admittance.

ventional procedures and the severity and clinical prognosis are 
completed within 4 to 12 hours after trauma [20]. Thus, the re-
sults of this study confirm that IL-6 E levels correlate well with 
the trauma scoring system, and patient treatment outcomes show 
that IL-6 E levels are valuable as a diagnostic aid to help deter-
mine the treatment direction and predict the course of treatment 
for acute chest trauma patients. 

This study has two limitations. First, although blunt chest trau-
ma was the main injury, there is a possibility that IL-6 levels may 
be affected depending on the accompanying injuries to other 
body parts. Second, IL-6 levels continuously change over time af-
ter trauma. Therefore, the time it takes for each patient to arrive 
at the emergency room after trauma can affect the test results and 
cause statistical errors. 

In patients with acute blunt thoracic trauma, higher the level of 
blood IL-6 E level correlate with the severity of the trauma and 
lung damage, and the duration of ICU treatment and hospitaliza-
tion are likely to increase. Therefore, patients with high IL-6 E 
levels need more active observation and treatment to prevent 
trauma complications.  
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Changes in incidence and severity of commercial 
motorcycle accidents due to the use of delivery service 
platforms in Korea: a retrospective cohort study  
Dam Moon, MD1 , Jae Ho Jang, MD1 , Jin Seong Cho, MD1 , Jae Yeon Choi, MD1 , Jae-hyug Woo, MD1 ,  
Woo Sung Choi, MD1 , Sung Yeol Hyun, MD2 , Seung Hwan Lee, MD3  
1Department of Emergency Medicine, Gachon University Gil Medical Center, Gachon University College of Medicine, Incheon, Korea 
2Department of Traumatology, Gachon University Gil Medical Center, Gachon University College of Medicine, Incheon, Korea
3Department of Trauma Surgery, Gachon University Gil Medical Center, Incheon, Korea

Purpose: Recently, a sharp increase in the use of delivery services has led to an increase in motorcy-
cle accidents. This study aimed to identify the characteristics of the commercial motorcycle injured 
patients and factors related to the severity during the past 10 years. 
Methods: Patients (15–64 years old) who visited the emergency department with commercial mo-
torcycle accidents injury registered in the Korean Emergency Department-based Injury In-depth 
Surveillance (2011–2020) database, were included. All included cases were categorized into two 
groups according to the period: group 1 (2011–2015) and group 2 (2016–2020). General characteris-
tics and the factors associated with severity were investigated. 
Results: Among 8,123 emergency department visits, patients in group 1 were 3,071, and patients in 
group 2 were 5,052. The odds for severity were affected by patients age (odds ratio [OR], 1.008; 95% 
confidence interval [CI], 1.004–1.013), and overnight/morning (00:00–12:00; OR, 1.243; 95% CI, 
1.091–1.415). The odds for severity were higher in head and neck injury (OR, 8.357; 95% CI, 7.410–
9.424) and torso injury (OR, 4.122; 95% CI, 3.610–4.708). The odds for the severity of accidents based 
on excess mortality ratio-adjusted Injury Severity Score (EMR-ISS) after 2015 were significant (OR, 
1.491; 95% CI, 1.318–1.687). Hospitalization in the intensive care unit and death were associated with 
accidents after 2015 (OR, 2.593; 95% CI, 2.120–3.170). 
Conclusions: Commercial motorcycle accidents have increased significantly over the past decade. 
There were statistical differences in severity based on EMR-ISS and the hospitalization in intensive 
care unit and death. 
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INTRODUCTION 

Korea is a country with one of the most advanced food delivery 

cultures in the world, which has been growing the development 
of a delivery service market in recent years [1]. These delivery 
services generally use motorcycles for deliveries [2].  
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Motorcycles move on two wheels, and as a result, they tend 
have higher accident rates and severities due to difficulty in 
maintaining balance, as compared to four-wheeled vehicles. 
Moreover, the structure of a motorcycle does not protect the 
driver upon impact, and thus, wearing equipment may affect se-
verity. Because of such characteristics of motorcycles, motorcycle 
accidents have 34 times higher mortality rate and more than 
eight times higher incidence than regular automobile accidents 
[3,4]. 

According to a survey conducted by the Market Research Bu-
reau of Korea Consumer Agency, the number of users since the 
introduction of delivery app platforms in 2010 has increased 
sharply from 870,000 in 2013 to 10.46 million in 2015 and 25 
million in 2018 [5]. In the past, individual stores had their own 
delivery service; however, in recent years, there has been an in-
crease in the number of delivery workers called “riders” who are 
managed by delivery platforms [6]. With such increasing trends 
in delivery services, motorcycle traffic accidents are also increas-
ing. According to the Korea Road Traffic Authority, the number 
of motorcycle traffic accidents has increased recently, from 
16,357 cases in 2012 to 20,898 cases in 2019 [7]. The severity of 
motorcycle accidents may vary depending on the speed, time of 
accident, and violation of traffic laws [8,9]. Meanwhile, active use 
of delivery services has created competition among the riders, 
and as a result, speeding and reckless driving in violation of laws 
are believed to affect the severity of accidents, which would also 
bring changes to the sites of injury. Moreover, such exponential 
growth in large platforms has also led to systematic management 
of individually operated motorcycle delivery businesses and 
gradual improvement in safety systems. In particular, regular 
safety education and recommendation for wearing proper equip-
ment are being implemented through industrial safety and health 
guidelines [10]. 

Although there is an increasing trend in commercial motorcy-
cle accidents due to the growth of delivery services, studies on 
this topic are still lacking. There are concerns that this increase in 
accidents is not just a temporary phenomenon and could be-
come a serious problem with the accelerating expansion of a plat-
form-based economy. This study investigated if the severity of ac-
cidents can be lowered by changes in driver awareness and rider 
management and safety education provided by platforms. Ac-
cordingly, the study aimed to identify whether there are changes 
in the incidence of commercial motorcycle accidents, severity of 
accidents, and sites of injury. For this objective, the authors inves-
tigated the 10-year trend in the incidence of commercial motor-
cycle accidents, changes in severity, and related factors. 

METHODS 

Ethics statements
The study was approved by the Institu tional Review Board of 
Gachon University Gil Medical Center and received a waiver for 
participant consent form (No. GBIRB2022-102). 

Study design
This study is a retrospective cohort study based on a chart review. 
This study used data from the Emergency Department-based In-
jury In-depth Surveillance (EDIIS), a part of the hospital-based 
injury surveillance system of Korea Disease Control and Preven-
tion Agency (KDCA).  

The study data was collected from the EDIIS registry and pa-
tients’ medical records. The EDIIS was established by the KDCA 
in 2006. The number of participating hospitals in this surveil-
lance has increased from five to 23 hospitals nationwide. A 
trained coordinator at each hospital registers the data for 246 
variables in the KDCA online system, including patient demo-
graphics, injury-related profiles, prehospital records, diagnosis, 
disposition, and outcomes. The KDCA manages the quality of 
the input data through periodic error analyses. 

The study retrospectively investigated patients who were ad-
mitted to an emergency department (ED) for a commercial mo-
torcycle accident between January 2011 and December 2020. 
Upon confirmation of a sharp increase in the number of delivery 
app users since 2015, 10-year data were analyzed after dividing 
the period as before (group 1, 2011–2015) and after (group 2, 
2016–2020) 2015. Data from a total 8,857 patients were collected 
for the study period, and of these, data from those aged ≥ 16 
years, who can legally obtain a driving license for motorized bicy-
cle, were used in the study. After excluding 12 patients with re-

8,857
Injuries in commercial-motorcyle

3,071 Patients in group 1 
(2011–2015)

5,052 Patients in group 2 
(2016–2020)

734 Patients excluded
697 Age >65 yr

12 Age <16 yr
25 Lack of EMR-ISS

8,123
Patients enrolled

Fig. 1. Flow diagram of the patient selection and exclusion process. 
EMR-ISS, excess mortality ratio-adjusted Injury Severity Score.
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cording error and aged < 16 years, 25 patients with missing raw 
data, and 697 patients aged ≥ 65 years since economically active 
population is up to age of 64 years, data of 8,123 patients were 
used in the study (Fig. 1). 

The general characteristics of the patients were identified 
through their age, sex, site of injury, time of injury, and with or 
without surgery. The time of injury was divided into two time 
periods considering the delivery service time: afternoon/ evening 
(working hours, 12:00–23:59) and overnight/morning (non-
working hours, 00:00–11:59). The severity of injury was assessed 
using the excess mortality ratio-adjusted Injury Severity Score 
(EMR-ISS). EMR-ISS is derived using the S or T code in the In-
ternational Classification of Diseases (ICD). Each diagnosis is 
graded on a scale of 1 to 5 points and the three codes with the 
highest scores, regardless of the body part, are scored and added: 
EMR-ISS =  (first highest EMR grade)2 + (second highest EMR 
grade)2 + (third highest EMR grade)2. The EMR-ISS was classi-
fied into four categories: mild (1≤  EMR-ISS ≤ 8), moderate (9≤  
EMR-ISS ≤ 24), severe (25≤  EMR-ISS ≤ 74), and critical (EMR-
ISS ≥ 75 or death). In this study, the scores were divided into two 
groups with 15 points as the cutoff. Whether the patients were 
wearing a helmet was determined and the treatment outcomes 
were classified as discharged to home, transferred to another hos-
pital, admitted to general ward, admitted to intensive care unit 
(ICU), and death. Among the classified patients, those admitted 
to ICU and patients who died were classified as severe patients 
for reassessment of severity that was not assessed by EMR-ISS. 

The site of injury was classified using ICD-10 code S according 
to the diagnosis based on the injury data investigated from pa-
tients who visited an ED. Codes consisted of S01–S19 for head 
and neck injury, S20–S39 for torso injury, S40–S69 for upper 
limb injury, and S70–S99 for lower limb injury. 

For the statistical analyses, each variable was expressed as fre-
quency and percentage. Continuous variables were expressed as 
mean and standard deviation or median and quartile, as needed. 
Categorical data were analyzed using chi-square test and contin-
uous variables were analyzed using t-test. In addition, multivari-
ate logistic regression analysis was performed to determine fac-
tors related to severe injury. Statistical significance was set to 
P < 0.05. Data were collected using a Microsoft Excel database 
(Microsoft Corp) and statistical analyses were performed using 
IBM SPSS ver. 23.0 (IBM Corp). 

RESULTS 

After classifying into group 1 and group 2, the demographic 

characteristics of patients who were admitted to our ED for com-
mercial motorcycle accidents during the 10-year period were 
identified (Table 1). With respect to sex, the percentage of male 
patients was significantly higher with 95.1% (n = 2,921) and 
97.0% (n= 4,901) in groups 1 and 2, respectively. 

The mean age was similar with 36.01± 14.33 and 36.10± 13.27 
years in groups 1 and 2, respectively. Meanwhile, the number of 
patients who were wearing a helmet at the time of accident in-
creased from 1,682 in group 1 (54.7%) to 4,108 in group 2 
(81.3%). 

The time of accident was investigated by dividing the time into 
two groups in consideration of when delivery services are mostly 
used. Time was divided in peak hours and other hours. The 
number of accidents that occurred during 12:00 to 23:59 and 
00:00 to 11:59 were 2,287 (74.5%) and 784 cases (25.5%), respec-
tively, in group 1, and 3,876 (76.7%) and 1,176 cases (23.3%), re-
spectively, in group 2. 

Based on EMR-ISS, which was used as a scale for assessing the 
severity of injury, group 1 had 2,079 mild cases (67.7%) and 992 
severe cases (32.3%), while group 2 had 3,073 mild cases (60.8%) 
and 1,979 severe cases (39.2%). Of these, the number of patients 
requiring surgery increased from 236 in group 1 (7.7%) to 721 in 
group 2 (14.3%). 

In group 1, 2,007 patients (65.3%) were discharged to home 
from ED, 182 patients (5.9%) were transferred to another hospi-
tal, 669 patients (21.8%) were admitted to the general ward, 190 
patients (6.2%) were admitted to ICU, and 23 patients (0.7%) 
died in the ED. In group 2, 3,294 patients (65.2%) were dis-
charged to home from ED, 252 patients (5.0%) were transferred 
to another hospital, 868 patients (17.2%) were admitted to the 
general ward, 602 patients (11.9%) were admitted to ICU, and 36 
patients (0.7%) died. 

Multivariate logistic regression analysis was performed to iden-
tify the factors that increase the severity of commercial motorcy-
cle accidents (Table 2). Statistical analysis was performed using 
variables that showed statistical significance in univariate logistic 
regression analysis and other variables that the researchers be-
lieved must be included. Of these, sex did not show a statistically 
significant difference. The severity tended to increase by 1.008 
times as age increased by one year (95% confidence interval [CI], 
1.004–1.013). The severity of injury was 1.243 times higher 
during overnight/morning, as compared to afternoon/evening 
(95% CI, 1.091–1.415). 

Severity increased by 1.491 times in group 2, as compared to 
group 1 (95% CI, 1.318–1.687). With respect to the site of injury, 
severity was 8.357 times higher for head and neck injury (95% 
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CI, 7.410–9.424) and 4.122 times higher for torso injury (95% CI, 
3.610–4.708). 

Multivariate logistic regression analysis was performed to iden-

tify the factors leading to ICU admission and death in commer-
cial motorcycle accident cases (Table 3). With respect to age, 
based on the age of 16 years, increase in age by 1 year caused ICU 

Table 1. Characteristics of commercial motorcycle accidents that visited ED in 10 years

Characteristic Group 1a) (n=3,071) Group 2b) (n=5,052) P-value
Sex <0.001
 Male 2,921 (95.1) 4,901 (97.0)
 Female 150 (4.9) 151 (3.0)
Age (yr) 36.01±14.33 36.10±13.27 <0.001
Helmet use 1,682 (54.8) 4,108 (81.3) <0.001
Time of the accident 0.064
 12:00–23:59 2,287 (74.5) 3,876 (76.7)
 00:00–11:59 784 (25.5) 1,176 (23.3)
EMR-ISS <0.001
 Mild (<15) 2,079 (67.7) 3,073 (60.8)
 Severe (≥15) 992 (32.3) 1,979 (39.2)
Operation case 236 (7.7) 721 (14.3) <0.001
ED result <0.001
 Discharge 2,007 (65.4) 3,294 (65.2)
 To ward 669 (21.8) 868 (17.2)
 To intensive care unit 190 (6.2) 602 (11.9)
 Transfer 182 (5.9) 252 (5.0)
 Death 23 (0.7) 36 (0.7)
Injury
 Head and neck 1,150 (37.4) 1,764 (34.9) 0.021
 Torso 607 (19.8) 1,278 (25.3) <0.001
 Upper limb 848 (27.6) 1,800 (35.6) <0.001
 Lower limb 1,209 (39.4) 2,451 (48.5) <0.001
Values are presented as number (%) or mean ± standard deviation.
ED, emergency department; EMR-ISS, excess mortality ratio-adjusted Injury Severity Score.
a)Accidents from 2011 to 2015; b)Accidents from 2016 to 2020.

Table 2. Multivariate logistic regression analysis of factors contributing to the severity of injury associated with commercial motorcycle accidents

Variable Odds ratio 95% Confidence interval P-value
Sex 1.013 0.751–1.365 0.933
Age 1.008 1.004–1.013 <0.001
Time
 00:00–11:59 1.243 1.091–1.415 0.001
 12:00–23:59 Reference
No helmet use 1.476 1.284–1.696 <0.001
Injury
 Head and neck 8.357 7.410–9.424 <0.001
 Torso 4.122 3.610–4.708 <0.001
 Upper limb 1.657 1.470–1.867 <0.001
 Lower limb 1.466 1.303–1.648 <0.001
Group 2a) 1.491 1.318–1.687 <0.001

a)Accidents from 2016 to 2020.

https://doi.org/10.20408/jti.2022.0031124 www.jtraumainj.org

Moon et al. Incidence and severity of commercial motorcycle accidents



admission or death to increase by 1.012 times (95% CI, 1.006–
1.018). ICU admission or death increased by 2.593 times in 
group 2, as compared to group 1 (95% CI, 2.120–3.170). 

DISCUSSION 

Since 2000, single-person households have become a common 
household type, increasing sharply from 15.5% in 2000 to 23.9% 
in 2010; this proportion is expected to increase to 31.3% in 2025 
[11]. With the increase in single-person households, the frequen-
cy of delivery service use has also increased, while food delivery 
culture has increased over twofold due to coronavirus disease 
2019, thus becoming a global service industry [12]. Since the in-
troduction of delivery platforms, the number of its users has in-
creased sharply, and consequently, the commercial use of motor-
cycles has also increased. This study, which used injury data of 
ED patients, also confirmed such increase in the past 10 years 
(Fig. 2). There have not been many studies investigating the in-
crease in delivery service use and changes in motorcycle acci-
dents in the past 10 years. Byun et al. [13] reported on the general 
characteristics of commercial motorcycle accident victims, in-
cluding their sex, age, time of accident, work background, and 
site of injury, for the period till 2015; however, they did not iden-
tify the changing trends in motorcycle accidents. 

The comparison of the severity of accidents before and after 
2015 using EMR-ISS revealed significant results. It is possible that 
result of increased speeding and traffic law violations due to in-
tensifying competition in commercial motorcycles. Despite the 
efforts of delivery platforms to prevent accidents, results contrary 
to our initial expectations were derived. Accordingly, we deter-

mined that the policies implemented by delivery service plat-
forms have not been successful. 

EMR-ISS can be a suitable tool for identifying severity from 
large-scale data [14]. However, although ISS may indicate the se-
verity of anatomical injury, it has the limitations of not reflecting 
physiological indicators and not representing severity in anatom-
ical sites in cases involving multiple injuries [15]. Accordingly, 
the authors of this study recognized the limitations of using 
EMR-ISS. When a motorcycle accident patient admitted to ED 
must immediately undergo surgery to treat the most urgent inju-
ries, problems in other areas could be diagnosed or detected later 
on, and problems not diagnosed in ED are not reflected in the 
score. The data used in this study identified EMR-ISS of patients 
admitted to ED, and this score system, which uses three different 
scores, has limitations in reflecting the severity of patients’ inju-

Table 3. Multivariate logistic regression analysis of factors contributing to the intensive care unit and death associated with commercial motorcycle 
accidents

Variable Odds ratio 95% Confidence interval P-value
Sex 1.190 0.771–1.838 0.432
Age 1.012 1.006–1.018 <0.001
Time
 00:00–11:59 1.102 0.913–1.329 0.311
 12:00–23:59 Reference
No helmet use 2.100 1.739–2.535 <0.001
Injury
 Head and neck injury 1.428 1.206–1.690 <0.001
 Torso injury 1.818 1.537–2.165 <0.001
 Upper limb injury 0.302 0.243–0.376 <0.001
 Lower limb injury 0.291 0.239–0.354 <0.001
Group 2a) 2.593 2.120–3.170 <0.001

a)Accidents from 2016 to 2020.

Fig. 2. Number of commercial motorcycle accidents in 10 years.
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ries. Accordingly, ICU admission and death were investigated as 
another scale for assessment of severity (Table 3). Such standard 
was applied because there may be sites of injury not detected 
during the process of identifying severity based on diagnosis and 
the physiological condition of the patient may not be fully ac-
counted for. Statistical data that can differentiate patients admit-
ted to ICU as an indicator of the anatomical and physiological 
conditions of the patient can be meaningful. In this study, both 
the EMR-ISS and ICU admissions showed significant increases, 
but the ICU hospitalization results showed a high odds ratio. The 
authors considered these results that hospitalization decisions for 
trauma patients are not objective because they depend on the 
physician's opinion. 

Wearing a helmet in a motorcycle accident affects ICU ad-
mission, consciousness at admission, and mortality rate, while 
its importance continues to be emphasized [16]. Logistic re-
gression analyses in this study showed that the percentage of se-
vere patients did not change significantly in groups 1 and 2, but 
wearing a helmet reduced the severity. With the development 
of the delivery service industry, the need to manage motorcycle 
riders has emerged and the rate of wearing a helmet is increas-
ing due to active management (Fig. 3). However, the fact that 
the percentage of severe patients has not changed requires fur-
ther examination. Such results demonstrate the importance of 
having full-body protective equipment, as well as wearing a hel-
met, in a motorcycle accident. While the need for full-body 
protective equipment and clothing in motorcycle accidents is 
being emphasized, there are advances in protective equipment 
for different parts of the body. de Rome et al. [17] conducted a 
study in 2011 on hospitalization rate and sites of injury accord-
ing to wearing equipment other than helmet. Injury risk was 

compared by jackets, gloves, pants, and boots for different parts 
of the body and the results showed decrease of 0.77, 0.55, 0.61, 
and 0.55 times, respectively [17]. Therefore, studies on protec-
tive equipment other than helmet should continue in the fu-
ture. 

A 2016 study by Xiong et al. [18] reported that accidents oc-
curring during 00:00 to 06:00 increased in severity by 2.45 
times. As shown in Table 1, the findings in this study showed 
that the number of accidents during the afternoon was higher 
by approximately three times or more than at other times. 
However, the results in Tables 2 and 3 show that severity was 
higher in accidents that occurred during overnight hours, rath-
er than in the afternoon, with higher number of cases. During 
overnight hours, competition among riders may be more severe 
due to fewer delivery cases, and accidents with more severe in-
juries occur as riders travel at higher speeds on empty roads. 
During overnight hours, driving through dark areas with poor 
lighting and frequent traffic violations, such as speeding, signal 
violations, and lane violations, may have affected the severity of 
accidents. Although the number of accident cases may be low, 
medical and policy plans must be established in consideration 
of physical and economic damages caused by an accident and 
its severity. 

This study had some limitations. First, while advancement of 
delivery platforms may have influenced motorcycle accidents, the 
time point of such advancement is unclear. Second, this study in-
vestigated only patients who were admitted to ED, and not all ad-
mitted patients. Therefore, there is a lack of statistics on patients 
who died at the scene of the accident or were transferred from 
another hospital. Lastly, underlying diseases may have affected 
the prognosis and treatment outcomes of accident victims. How-
ever, despite such limitations, the significance of this study was 
that it used a considerable amount of data accumulated over 10 
years to examine the trends. Additionally, the findings of the 
study can be helpful for future studies on commercial motorcycle 
accidents. 

Since a sharp increase in the use of delivery services, motorcy-
cle accidents have increased. There was increased severity based 
on EMR-ISS and severity based on ICU admission and death. 
Safety management and education by large platforms and imple-
mentation of systematic upgrades by the government can gradu-
ally improve the results with respect to commercial motorcycle 
accidents in the future. With the increasing development of the 
platform-based delivery industry, further investigation and stud-
ies are needed on factors that affect severity of accidents. 
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Submental intubation using laparoscopic trocar in 
zygomaticomaxillary complex fracture surgery in Korea: 
a case report 
Hyejin Do, MD1,2 , Chunui Lee, MD3 , Hyeon Don Hong, MD1 , Hyejin Hong, MD1 , Hyun Kyo Lim, MD1 , Sujin Kim, MD1  
1Department of Anesthesiology and Pain Medicine, Yonsei University Wonju College of Medicine, Wonju, Korea 
2Regional Trauma Center, Wonju Severance Christian Hospital, Wonju, Korea 
3Department of Oral and Maxillofacial Surgery, Yonsei University Wonju College of Medicine, Wonju, Korea 

Submental intubation is an effective alternative technique for airway management in patients with 
maxillofacial trauma. Compared with tracheostomy, it is less invasive, but has risks associated with 
potential airway compromise such as hypoxia due to tube obstruction, collapse, and kinking. To 
shorten procedure time and ensure a reinforced tube lumen, we used a laparoscopic trocar as a new 
device for submental intubation. A 54-year-old male patient sustained a zygomaticomaxillary com-
plex fracture and was scheduled to undergo open reduction and internal fixation. We performed in-
traoral intubation and made a small 1-cm incision at the submandibular midline. After dissection of 
the tissue from the incision site, a reinforced tube was passed using a 12-mm laparoscopic trocar. 
The procedure took about 5 minutes, and apnea time from disconnecting the breathing circuit and 
passing through the internal lumen of the trocar until it was reconnected to the ventilator was 1 
minute 5 seconds. Using a laparoscopic trocar for submental intubation can reduce the time re-
quired for dissection, prevent luminal occlusion complications due to soft tissues or blood clots in 
the endotracheal tube, and decrease soft tissue damage. 

Keywords: Airway management; Maxillofacial injuries; Intratracheal intubation; Surgical instru-
ments; Case reports

Case Report
J Trauma Inj 2023;36(2):128-132
https://doi.org/10.20408/jti.2022.0036

Received: July 25, 2022 
Revised: September 22, 2022 
Accepted: November 9, 2022 

Correspondence to 
Sujin Kim, MD 
Department of Anesthesiology and 
Pain Medicine, Yonsei University Wonju 
College of Medicine, 20 Ilsan-ro, 
Wonju 26426, Korea 
Tel: +82-33-741-1536 
Email: sjkim624@yonsei.ac.kr  

INTRODUCTION 

Submental intubation is a technique wherein the endotracheal 
tube protrudes through the anterior floor of the mouth, not 
through the mouth opening, which allows free intraoperative ac-
cess to the oral cavity and nasal pyramid without compromising 
the airway in patients with skull base trauma. The reason for per-
forming submental intubation is that facial trauma patients may 

also have a fracture at the base of the skull, and it is important to 
determine dental malocclusion during oral surgery. In addition, 
nasotracheal intubation is not possible in patients with basilar 
fracture, and in zygomaxillary complex fracture surgery, the sur-
geon and anesthesiologist share the intraoral space, making it dif-
ficult to manage the airway through the mouth during surgery 
[1]. Therefore, after securing an airway by orotracheal intubation, 
airway management is performed through submandibular intu-
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bation or tracheostomy. Submental intubation can be used for 
short-term airway control as an alternative to tracheostomy but 
with minimal complications [2]. 

Although it has been modified in various ways since it was first 
proposed by Altemir [3] in 1986, no published modification or 
specific type of reinforced tubing has been universally demon-
strated to be superior. Since then, other complementary tech-
niques using the tracheostomy kit have been proposed, but even 
this method could not prevent blockage of the internal lumen of 
the endotracheal tube by blood clot and soft tissue and caused 
trauma to surrounding soft tissue [4–6]. Various efforts have 
been introduced to reduce or address complications that occur in 
the process of exteriorization [7–9]. 

The proposed method using a laparoscopic trocar is part of 
that effort. This is a method that can be easily and simply mount-
ed without blood clots and soft tissues entering the endotracheal 
tube, while also reducing the soft tissue trauma that occurs 
during the exteriorization process.  

CASE REPORT 

A 54-year-old male patient sustained a zygomaticomaxillary 
complex fracture after a 5-m fall. The patient was scheduled to 
undergo open reduction and internal fixation and intermaxillary 
fixation including a closed reduction for nasal bone fracture. 

Instead of nasal intubation or tracheostomy, we decided to per-
form submental intubation using a 12-mm laparoscopic trocar. 
Before the procedure, we checked that the reinforced endotra-
cheal tube (internal diameter, 7.0 mm) passed through the tro-
car’s internal lumen. The connector part of the reinforced tube 
was removed. 

Then, the tube change was performed using a videoscope with 
a reinforced tube prepared from the conventional tube the pa-
tient had received. Subsequently, the oral and maxillofacial sur-
geon placed an incision of about 1 cm in the submental space 
and dissected it with Kelley forceps to reach the mouth floor 
(Figs. 1, 2). Upon dilation of the open penetrating site from the 
skin to the mouth floor, a laparoscopic trocar was inserted from 
the skin to the mouth floor. After confirming that the tip of the 
trocar has passed through to the mouth floor, the trocar stylet 
was removed, and the Kelly forceps was inserted through the tro-
car. 

First, the pilot balloon was passed into the trocar lumen and 
then the end of the reinforced tube with the connector removed 
was inserted into the trocar lumen (Figs. 3, 4). The reinforced 
tube was withdrawn toward the skin incision, and a connector 

Fig. 1. The conventional tube is changed by reinforced tube and a 
skin incision and soft tissue dissection were performed. A laparoscop-
ic trocar was inserted from the skin to the mouth floor. Illustration by 
Sujin Kim.

Fig. 2. After checking the mandible and midline, a surgeon makes a 
skin incision. The patient provided written informed consent for pub-
lication of the research details and clinical images.
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and a breathing circuit were connected for ventilation. The air-
way pressure of the ventilator was checked for signs of blockage 
due to blood clots or soft tissue in the tube lumen. The tube 

depth was confirmed through capnography and auscultation, 
and after checking the patient's ventilation, the tube was fixed 
with a skin suture (Fig. 5). The patient’s apnea time from discon-
necting the breathing circuit and passing through the internal lu-
men of the trocar until it was reconnected to the ventilator was 1 
minute 5 seconds. After surgery, the reinforced tube is pulled 
back into the oral cavity and the incision is sutured (Fig. 6). 

Ethics statements 
This case was conducted with the approval of the Institutional 
Review Board of Wonju Severance Christian Hospital (No. 
CR322318). The patient provided written informed consent for 
publication of the research details and clinical images. 

DISCUSSION 

Submental intubation has been an effective alternative technique 
for airway management in patients with maxillofacial trauma 

Fig. 3. After the trocar stylet was removed, and the Kelly forceps was 
inserted through the trocar. The pilot balloon was passed into the tro-
car lumen, and then the end of the reinforced tube with the connec-
tor removed was inserted into the trocar lumen. Illustration by Sujin 
Kim.

Fig. 4. A 12-mm trocar is placed from the skin to the mouth floor, 
and the end of the reinforced endotracheal tube is inserted into the 
trocar lumen in the mouth. The patient provided written informed 
consent for publication of the research details and clinical images.

Fig. 5. A surgeon stabilizes the reinforced endotracheal tube with 
skin suture. The patient provided written informed consent for publi-
cation of the research details and clinical images.
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since first published in 1986 [3]. Compared with tracheostomy, 
this method facilitates airway management in patients with skull 
base fracture during zygomaticomaxillary complex fracture sur-
gery. Tracheostomy also facilitates airway management but is 
more invasive and has complications such as surgical emphyse-
ma, tracheal erosion, hemorrhage, dysphagia, decannulation, and 
scarring [2,10]. 

The complication associated with submental intubation is po-
tential airway compromise. Obstruction, collapse, kinking, or 
displacement of endotracheal tube could lead to fatal hypoxia. 
Other complications include potential risk of skin infection, ab-
scess in the mouth floor, and injury of the marginal mandibular 
and lingual nerves and of salivary glands [1,11]. A reinforced 
tube is used to prevent kinking and collapse of the endotracheal 
tube. Displacement of the endotracheal tube is prevented by sta-
bilizing through skin sutures as the last step. Obstruction by 

Fig. 6. After surgery, the reinforced tube is disconnected, and the end 
of the tube is pulled into the oral cavity. The reinforced tube is re-
connected with the ventilator, and the submental incision is sutured. 
The patient provided written informed consent for publication of the 
research details and clinical images.

blood clot or soft tissue interferes with the procedure and in-
creases the risk of hypoxia due to apnea when an endotracheal 
tube is disconnected from the breathing circuit and passes 
through the mouth floor. 

In previous studies using conventional methods, the mean 
time to complete the procedure was about 10 minutes [12], on 
the other hand, our procedure required only 5 minutes. In partic-
ular, the apnea time was about 1 minute 5 seconds, because it was 
the first trial using a trocar, but it is thought that this time can be 
shortened to about 30 to 40 seconds if physicians become skilled. 
A laparoscopic trocar through small incision (< 2 cm) easily and 
quickly passes through the mouth floor and minimizes blunt 
trauma to surrounding tissues. Also, the probability of occlusion 
is low because the stylet retains its inner diameter while passing 
through the mouth floor. Compared with the conventional 
method, using a laparoscopic trocar can reduce the time required 
for dissection, as well as prevent luminal occlusion complications 
due to soft tissues or blood clots in the endotracheal tube; less 
surrounding tissue damage is also a benefit. 

Recently, a case of submental intubation using a laparoscopic 
trocar like this case has been reported [13]. It is similar in meth-
ods and tools, However, in the previous case, only skin incision 
was performed before the passage of the laparoscopic trocar, and 
dissection occurred by the laparoscopic trocar stylet that passed 
through the bottom of the mouth. On the other hand, in our 
case, a laparoscopic trocar probe passes through the gap after a 
slight dissection of the soft tissue with forceps after skin incision. 
This can further reduce the soft tissue damage caused by the sty-
let in the previous case. 

One point requiring emphasis during this procedure is suffi-
cient space for passage between the reinforced tube and the tro-
car. We used a reinforced tube with an inner diameter of 7.0 mm 
and a 12-mm trocar, which is common use in laparoscopic sur-
gery. Since these tools are generally used in the operating room, a 
trocar during submandibular intubation in patients undergoing 
zygomaticomaxillary complex fracture surgery is easy, safe, 
quick, and may cause minimal complications. 

In conclusion, submental intubation is an alternative technique 
for airway management in maxillofacial trauma. Using a laparo-
scopic trocar can reduce the time required for dissection, as well 
as prevent luminal occlusion complications due to soft tissues or 
blood clots in the endotracheal tube; less soft tissue damage is an-
other benefit. Since no definitive approach of submental intuba-
tion has been established, a large-scale study comparing existing 
methods including the trocar is required. 
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Sphenoid sinus foreign body following airbag deployment 
in the United States: a case report 
Birk J. Olson, BA , Joseph B. Vella, MD , Justin P. McCormick, MD  

Department of Otolaryngology–Head and Neck Surgery, Rutgers Robert Wood Johnson Medical School, New Brunswick, NJ, USA 

We report a unique case of penetrating foreign bodies following a motor vehicle accident with airbag 
deployment. The patient presented with evidence of facial trauma and was found to have three re-
tained foreign bodies on imaging. Notably, one foreign body was within the sphenoid sinus. This 
foreign body was removed uneventfully through endoscopic sinus surgery. The patient was doing 
well at follow-up visits. We concluded that the foreign bodies were steering wheel accessories, which 
detached upon airbag deployment and penetrated the patient’s face. This case report is intended to 
inform the public regarding the dangers of placing accessories on a steering wheel. 

Keywords: Sphenoid sinus; Nasal surgical procedures; Foreign bodies; Craniocerebral trauma; Case 
reports  
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INTRODUCTION 

Sinonasal foreign bodies are rare, but concerning due to nearby 
critical structures, including the orbit, optic nerves, internal ca-
rotid arteries, brain, and cavernous sinus. Due to the proximity 
of these structures, sinonasal foreign bodies can result in signif-
icant complications. Within the orbit, traumatic foreign body 
injury can result in visual disturbance, diplopia, ophthalmople-
gia, or infectious complications, whereas sinonasal complica-
tions may include nasal obstruction, sinusitis, smell distur-
bance, cerebrospinal fluid rhinorrhea, life-threatening hemor-
rhage, or stroke. 

Several traumatic cases of traumatic sinonasal foreign bodies 
have been reported. Most commonly, injuries involving high-ve-
locity trauma, such as firearms [1–3], ballistic projectiles [4], and 
high falls [5,6], increase the risk of penetrating foreign bodies. 
However, even falls from standing height impart enough force to 

result in sinus penetration [7,8]. Foreign body entry wounds fre-
quently involve the nasal cavity [2,3,5,8] and orbit [1,6,7]. These 
foreign bodies are typically less than a centimeter in all dimen-
sions. For cylindrical objects, at least one two-dimensional face of 
less than 1 cm2 is typical, such as a wooden stick [6,8] or pen [5]. 
We report a case of a sphenoid sinus foreign body resulting from 
airbag deployment during a motor vehicle accident (MVA). 

CASE REPORT 

The patient was a 31-year-old female without any relevant medi-
cal history brought to our emergency department following a 
head-on MVA with airbag deployment. She was alert and only 
complained of pain along her lower face and minor epistaxis. Her 
only obvious injuries were two small puncture wounds over her 
chin and right mandible. Due to the nature of the accident, a full-
body computed tomography scan was obtained, which demon-
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strated metallic densities within the facial soft tissues and within 
the right posterior ethmoid and sphenoid sinus, abutting the 
paraclival carotid artery (Fig. 1). The appearance of the foreign 
body on imaging was similar to what would be expected from a 
screw. Given the proximity of the foreign body to the carotid ar-
tery a computed tomography angiogram was obtained that did 
not identify any major vascular injury (Fig. 2). 

In preparation for endoscopic removal of the foreign body, the 
neurointerventional radiology team was consulted in the unlikely 
event of an unexpected injury to the carotid artery. Interestingly, 
it was recognized that the foreign body had entered through the 
left nasal cavity, traversed the head of the left inferior turbinate, 
penetrated through the septum, and entered the right posterior 
ethmoid and sphenoid sinus (Figs. 3, 4). The approach began 
with resection of the right middle turbinate, which would give 
wide access to the sphenoid in the event of excessive bleeding. A 

standard maxillary antrostomy and ethmoidectomy were then 
performed. The sphenoid sinus was then entered along its medial 
aspect to avoid any manipulation of the foreign body. Careful lat-
eral dissection then exposed the distal aspect of the foreign body 
lodged in the clival recess of the sphenoid sinus. The proximal as-
pect of the foreign body was then exposed along the lamina pa-
pyracea after some edematous mucosa was removed. The foreign 
body was then removed with Takahashi forceps without any ad-
verse event. No skull base injury or major neurovascular injury 
was encountered during the approach or removal. 

At the patient’s latest follow-up, 1 month after surgery, she had 
some synechiae in the left nasal cavity, which were lysed. This 
was in the area where the foreign body penetrated the septum. 
Otherwise, she had resolving edema of the maxillary sinus, but 
had no long-lasting effects from the injury. 

Fig. 1. Scout x-ray showing location of foreign bodies. (A) Antero-
posterior and (B) lateral X-ray demonstrating the location of the for-
eign bodies in the facial soft tissue and right sphenoid sinus.

Fig. 2. Coronal and sagittal images from a computed tomography an-
giogram. (A) Coronal image showing the location of the foreign body 
in lateral sphenoid sinus (yellow line) and proximity to the cavernous 
carotid artery. (B) Sagittal image showing the proximity of the foreign 
body to the cavernous carotid artery.

Fig. 3. Intraoperative view of the foreign body projecting inferiorly 
within the lateral aspect of the right sphenoid sinus.

Fig. 4. Foreign bodies following removal.
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Ethics statements 
Written informed consent for publication of the research details 
and clinical images was obtained from the patient.

DISCUSSION 

MVAs are the most common cause of serious facial trauma [9]. 
Standard safety features, such as seatbelts and airbags, significant-
ly reduce facial trauma [10], but have limitations at high speeds 
[11] and are associated with their own injuries. Injuries related to 
airbag deployment mostly affect the face (42%), with minor 
burns and abrasions being typical [12]. Serious cases of penetrat-
ing injury attributed to airbag deployment have been reported 
[13,14], and in the past decade, several automobile fatalities were 
directly attributed to defective airbags. 

In November 2014, the US National Highway Traffic Safety 
Administration ordered a nationwide recall of Takata airbags, 
affecting 34 million vehicles on US roads, the largest automo-
bile recall in history. The recalled airbags contained a defective 
inflator, which resulted in either slow airbag deployment or, 
more dangerously, explosion of the inflator. To date in the Unit-
ed States, 19 deaths have been attributed to these airbags, in-
cluding 16 in Honda vehicles (American Honda Motor) ac-
cording to the Honda company website [15]. 

The patient in this case was driving a Honda, and had affixed 
aftermarket accessories to her steering wheel, as pictured in Fig. 
5. Whether a defective airbag contributed to her facial injuries 
is unknown; however, the most likely explanation of her facial 
injuries is dislodgement of steering wheel accessories during 
airbag deployment, creating projectiles near the patient’s face. 
Entry through the nasal cavity and ultimate embedment in the 
sphenoid sinus is highly suggestive of a direct course starting 
near the steering wheel and demonstrates the force with which 
airbags deploy. The trajectory of the foreign body through the 

patient’s septum and its terminus within the sphenoid sinus ad-
jacent to critical neurovascular structures makes this case a for-
tunate close call. 

In our review of the scientific literature, we found no similar 
reported cases of injury by steering wheel accessories. However, 
there has been speculation regarding the dangers of these objects 
in the lay media. This is based on the logical concern regarding a 
loosely adhered object over an airbag, which is designed to ex-
plode violently. As of this report, these products are widely avail-
able to consumers without an associated safety warning. The goal 
of this report is to bring awareness to the potential danger posed 
by steering wheel accessories in the event of airbag deployment.  

While penetrating sinonasal foreign bodies are rare entities 
within the trauma community, it is important to keep in mind 
that they may occur even in the absence of obvious entry 
wounds. Additionally, consumers should beware that placement 
of aftermarket products over airbags may turn these benign ob-
jects into dangerous projectiles upon airbag deployment. 
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External iliac artery injury with posterior pelvic ring 
injury in Korea: two case reports 
Joosuk Ahn, MD1 , Ji Wan Kim, MD2  
1Department of Orthopedic Surgery, Armed Forces Trauma Center, Armed Forces Capital Hospital, Seongnam, Korea 
2Department of Orthopedic Surgery, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea 

Pelvic ring injuries associated with external iliac artery injuries are rare and may be life-threatening 
condition. The most important factors in the managements are the immediate bleeding control and 
restoration of distal blood flow. We report two cases of pelvic ring injuries with external artery inju-
ries. One case was occlusion of external iliac artery with concomitant rupture of internal iliac artery. 
The other case was ruptured external iliac artery. Every surgeon must understand the possibility of 
hidden lesions—for example, arterial rupture and thrombus—and should consider the need for em-
bolization or thrombectomy when treating this type of injury. 

Keywords: Pelvic ring injury; Pelvic fracture; Vascular system injuries; External iliac artery; Case 
reports
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INTRODUCTION 

In pelvic fractures, hemorrhage originates from the fracture site 
or owing an injury to the presacral and lumbar venous plexus [1]. 
Pelvic ring injuries associated with external iliac artery injuries 
are rare and may arise due to a lacerated or thrombosed on in-
jured artery [2–6]. Injuries to the external iliac artery may be 
life-threatening. Moreover, vascular injury-induced lower ex-
tremity ischemia can worsen the clinical condition and thereby 
necessitate generalized salvage treatment for the rest of the body. 
Most surgeons agree that immediate hemostasis and restoration 
of vascular perfusion constitute crucial interventional strategies 
for the management of major arterial injuries. This report de-
scribes two cases of combined pelvic ring and external iliac artery 
injuries. 

CASE REPORTS 

Case 1 
A 48-year-old healthy male construction worker who suffered a 
traumatic injury when he fell while carrying a 100-lb (45.36 kg) 
cement bag, which caused compression injuries to his inguinal 
area, was promptly admitted to Inje University Haeundae Paik 
Hospital. On admission, his mental status was alert; the initial 
blood pressure was 120/80 mmHg with tachycardia (110 beats/
min); and the initial hemoglobin level was 13.5 g/dL (normal 
range, 12.0–16.0 g/dL). The patient complained of severe back, 
pelvis, and left heel pain and hypoesthesia, especially in the right 
lower extremity. On examination, muscular strength in the left 
lower extremities was intact according to the manual muscle test-
ing scale; on the right side, the ankle dorsiflexion and plantar 
flexion power was grade 0, and the extensor hallucis longus pow-
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er was grade 0. The peripheral pulses were palpable. Voluntary 
anal contraction was examined, and the anal and bulbocaverno-
sus reflexes were found to be intact. Radiographic imaging 
showed an Arbeitsgemeinschaft für Osteosynthesefragen/Ortho-
paedic Trauma Association (AO/OTA) C3 pelvic ring injury, 
which included bilateral sacral fractures, bilateral superior and 
inferior rami fractures, and right anterior iliac wing fracture; the 
patient also had a left calcaneal fracture (Fig. 1). A plain radio-
graph and computed tomography of the lumbosacral spines re-
vealed right L1–L4 transverse process fractures. A computed to-
mography scan of the patient’s abdomen and thorax showed 
multiple rib fractures, right-sided pneumothorax, and hemoperi-
toneum. 

After the initial resuscitation, closed reduction of the frac-
ture-induced pelvis widening was attempted by applying a pelvic 
binder, and the patient was shifted to the angiography suite for 
vascular assessment. Angiography demonstrated contrast extrav-
asation from the right internal iliac artery, for which an intravas-
cular coil was inserted, hemostasis was ensured, and the patient 
was transferred to the intensive care unit because of unstable vital 
signs (blood pressure, 90/50 mmHg; heart rate, 71 beats/min) 
with a hemoglobin level of 8.6 g/dL. The bilateral palpable femo-

ral pulses were palpable; however, the right dorsalis pedis and 
right posterior tibial artery pulses were nonpalpable. A repeat an-
giography was conducted for vascular assessment after 40 min-
utes of the initial angiography (Fig. 2) and demonstrated a filling 
defect of the right external iliac artery which was not previously 
observed. A thrombectomy of the right external iliac artery re-
stored the right lower extremity circulation, and fasciotomies of 
the right thigh and leg were performed to prevent compartment 
syndrome. The patient transferred back to the intensive care unit 
for further resuscitation and, 10 days later, underwent reduction 
and fixation of the posterior pelvic disruption and right iliac wing 
fracture; the fracture fragments of both sacroiliac joints and the 
right iliac wing were reduced and fixed using screws. The post-
operative course was uneventful, without any complications; an 
anteroposterior pelvis radiograph that was obtained at the 
6-week postoperative follow-up is shown in Fig. 3. The patient 
was subsequently discharged to a rehabilitation facility. Normal 

Fig. 1. Anteroposterior pelvic and lateral ankle radiographs showing 
(A) both sacral fractures, both superior and inferior rami fractures, 
anterior right iliac wing fracture, and (B) left calcaneal fracture.

AA BB

Fig. 2. Angiography of lower extremities. (A, B) An abrupt stoppage of flow was identified in the right external iliac artery (arrows). (C) Balloon 
angioplasty and thrombectomy were done. (D) The removed thrombus. (E) After the removal of filling defect.

AA BB CC DD EE

Fig. 3. An anteroposterior pelvis radiograph at postoperative 6 weeks.
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motor power recovery in the affected extremity was restored 
within 6 months. 

Case 2 
A 57-year-old healthy male worker sustained a crush injury un-
der an overturned forklift. He was transferred to and evaluated at 
a community hospital and was then referred to Inje University 
Haeundae Paik Hospital. At presentation, the patient had a 
crushed left thigh and muscle protrusion of the left pelvis from 
an open wound with active bleeding. On admission, his mental 
status was alert; the initial blood pressure was 80/50 mmHg and 
the heart rate was 85 beats/min; and the initial hemoglobin level 
was 13.8 g/dL. The patient complained of pain in the left pelvis 
and in both thighs. A radiograph of the pelvis showed AO/OTA 
C3 pelvic ring injury; left femoral neck, subtrochanteric, and 
shaft fractures; and a right subtrochanteric femoral fracture (Fig. 
4). The patient underwent angiographic vascular assessment in 
the angiography suite that revealed abrupt flow cessation in the 
left common iliac artery (Fig. 5). However, 30 minutes after ad-
mission, the patient slipped into a semicomatose state with un-
checkable blood pressure and bradycardia (50 beats/min). Resus-
citation was started with normal saline of 1,000 mL infusion and 
two packs of universal O group packed red blood cells transfu-

sion. Also, a dopamine infusion (flow rate, 7 mcg/kg/min) was 
started for resuscitation and increased to 14 mcg/kg/min, but the 
patient’s vital signs remained unstable, and the patient was shifted 
to the operating room for emergent surgical reduction and exter-
nal fixation of pelvic fracture and to control hemorrhage. The 
ruptured left external iliac artery was repaired with a saphenous 
vein graft and 41 units of packed red blood cells were transfused 
intraoperatively. Fasciotomies of the left thigh and the left leg 
were performed to prevent compartment syndrome. Four days 
later, infection of the fasciotomy site was observed, with a large 
area of skin necrosis and severe pain of the lower extremity, for 
which an above-knee amputation and hip disarticulation were 
consecutively performed. Despite these radical interventions, the 
infection was not controlled, and the patient died of multiorgan 
failure and uncontrolled sepsis 34 days after the surgery. 

Ethics statements 
The Institutional Review Board of Inje University Haeundae Paik 
Hospital waived the need for informed consent due to the retro-
spective nature of the case reports (No. 2017-08-004).

DISCUSSION 

White et al. [7] reported that hemorrhagic pelvic fractures that 
induce hemodynamic instability have a mortality rate of as much 

Fig. 4. An anteroposterior pelvis radiograph showing Arbeitsgemein-
schaft für Osteosynthesefragen/Orthopaedic Trauma Association 
(AO/OTA) C3 pelvic ring injury, left femoral neck/subtrochanteric 
fracture, and right intertrochanteric/subtrochanteric/shaft fractures.

Fig. 5. Angiography of lower extremities. An abrupt stoppage of flow 
was identified in the left common iliac artery (arrow).

Ahn et al. Iliac artery injury with pelvic fracture

139www.jtraumainj.orghttps://doi.org/10.20408/jti.2022.0046



as 40%. Given the high-energy trauma that is needed to disrupt 
the pelvic ring, associated injuries are common, and mortality is 
usually a result of uncontrolled hemorrhage from extra-pelvic 
sources. Large-vessel bleeding secondary to the pelvic ring injury 
is an important mortality-inducing factor [8]. 

Most vascular injuries are venous, whereas arterial injuries in-
volve the branches of the internal iliac artery or superior and in-
ferior gluteal arteries [9], which are particularly vulnerable to 
trauma due to their relationship to the posterior pelvic bones that 
are disrupted by high-energy trauma. The superior and inferior 
gluteal arteries and terminal hypogastric branches are vulnerable 
to injury because of the close anatomic relationship between 
these arteries and bony structures. 

Nonetheless, the external iliac artery is an uncommon source 
of bleeding in pelvic fractures. Patients at risk of arterial bleeding 
with continued hemodynamic instability despite resuscitative ef-
forts should undergo immediate angiography and embolization 
of bleeding pelvic vessels. If this treatment option is unavailable 
or delayed, or if the patient has other injuries, external fixation 
and pelvic packing, which can be performed concomitantly with 
other lifesaving procedures, may be used to further reduce pelvic 
venous bleeding. For continued hemodynamic lability without 
an apparent source of blood loss, transcatheter angiographic em-
bolization should be attempted to locate and stop the pelvic arte-
rial bleeding. 

Carrillo et al. [2] reported that a 4% incidence of external iliac 
artery lesions with a pelvic fracture, and, in the absence of auton-
omous thrombosis, are often life-threatening. The mortality rate 
associated with iliac artery injuries ranges from 38% to 72% 
[10,11]. Injuries to the external iliac artery originate from arterial 
compression over bone in the pelvic ring or from arterial stretch-
ing following an injury to the pelvic structures. External iliac ar-
tery injury can be detected through a peripheral vascular exam-
ination and does not usually demonstrate a delayed pattern. Sev-
eral reports of unrecognized injuries have been described in the 
literature [2,12,13], and this type of injury requires prompt sur-
gery to restore vascular perfusion. 

The treatment options depend on the kind of pelvic fracture 
stabilization that is undertaken, and arterial repair or reconstruc-
tion can be carried out with a patch or by grafting. In our cases, 
both patients required external fixation. One patient needed an-
giographic thrombectomy and intravascular coiling (case 1). The 
other patient needed arterial repair (case 2). A compartment syn-
drome in the lower extremity after the artery repair procedure 
occurred in both patients. 

Pelvic ring injuries that are associated with an external artery 

injury are uncommon, and few cases have been reported in the 
literature. As in our cases, associated injuries and open fracture 
can be catastrophic for the patient. Our case reports emphasize 
the difficulty of treating combined vascular and peripheral nerve 
injuries, as one hinders the diagnosis of the other. Every surgeon 
must understand the possibility of hidden lesions—for example, 
arterial rupture and thrombus—and should consider the need 
for embolization or thrombectomy when treating this type of in-
jury. 
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Delayed diagnosis of popliteal artery injury after traumatic 
knee dislocation in Korea: a case report  
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1 Department of Thoracic and Cardiovascular Surgery, Gyeongsang National University Hospital, Gyeongsang National University College of 
Medicine, Jinju, Korea 

2 Division of Orthopedic Surgery, Regional Trauma Center, Gyeongsang National University Hospital, Gyeongsang National University College of 
Medicine, Jinju, Korea

3 Division of General Surgery, Regional Trauma Center, Gyeongsang National University Hospital, Gyeongsang National University College of 
Medicine, Jinju, Korea

The popliteal artery damage is present to range from 1.6% to 64% of patients with knee dislocation, 
and it is crucial to evaluate vascular damage even if there are no prominent ischemic changes in the 
distal area. The injury of the popliteal artery by high-energy forces around the knee caused by a fall 
or traffic accident is a potentially limb-threatening complication in traumatic knee dislocation. The 
popliteal artery injury by blunt trauma has a high risk of limb amputation because the initial symp-
toms can show normal vascular circulation without urgent ischemia or obvious vascular injury 
signs. Since the collateral branches can delay the symptoms of decisive ischemia or pulseless extrem-
ity, the vascular damage is a major cause of limb amputation. In the present study, we describe a rare 
case of delayed diagnosis of popliteal artery injury after traumatic knee dislocation, requiring urgent 
limb revascularization surgery. After revascularization of the occluded popliteal artery, graft inter-
position was performed, and successful restoration was confirmed. This case illustrates that, even if 
ankle-brachial index >0.9 or equal pedal pulse to the uninjured extremity, serial vascular evaluation 
is required if there are soft signs such as diminished pulses, neurologic signs, or high-energy dam-
age such as multiple ligament ruptures since delayed diagnosis of artery injury can be the major 
cause of limb amputation. The clinicians need to regard high-energy trauma such as multiple liga-
ment rupture around the knee as a hard sign, and immediate computed tomography angiography 
can be helpful for accurate diagnosis and treatment. 

Keywords: Popliteal artery; Knee dislocation; Computed tomography angiography; Physical exam-
ination; Case reports  
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INTRODUCTION 

The popliteal artery is vulnerable to blunt trauma, such as knee 

dislocation or complex fracture of the proximal tibia or distal fe-
mur. The popliteal artery injury by blunt trauma has a high risk 
of limb amputation because the initial symptoms can show nor-
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mal vascular circulation without urgent ischemia or obvious vas-
cular injury signs [1]. Since the collateral branches can delay the 
symptoms of decisive ischemia or pulseless extremity, the vascu-
lar damage is a major cause of limb amputation [2]. In the pres-
ent study, we describe a rare case of delayed diagnosis of popliteal 
artery injury after traumatic knee dislocation, requiring urgent 
limb revascularization surgery. 

CASE REPORT 

A 54-year-old male patient was referred to the emergency de-
partment of Gyeongsang National University Hospital (Jinju, Ko-
rea) with acute ischemia, such as weak presence of a dorsalis pe-
dis artery pulse, coldness, motor weakness, and sensory loss in 
the left lower leg, 9 hours after he suffered a knee dislocation by 
fallen from an embankment. 

The patient’s history revealed that he promptly presented to the 
local hospital after knee dislocation. Before local hospital presen-
tation, the dislocated knee was spontaneously reduced. Investiga-
tion of the local hospital records revealed that the left lower leg 
showed that no evidence of acute ischemia and normal dorsalis 
pedis artery pulse on Doppler ultrasound, but common peroneal 
nerve injury symptoms including decreased sensation in the top 
of the foot and unable to hold the foot up on the initial examina-
tion. There were no differences in the pulses of the wrist or ankle 
compared to those in the contralateral uninjured extremity. A 
plain radiograph had no evidence of fracture of dislocation (Fig. 
1). As a positive Lachman test finding, magnetic resonance imag-

ing (MRI) was performed to confirm around knee ligament con-
tinuity. There was complete rupture of the bicruciate ligament, 
and injury of medial collateral ligament (Fig. 2). In addition, 
there was a lesion suspected of being minor intimal injury, but 
the overall patency was maintained in the MRI (Fig. 3). As the 
pedal pulse was equal to the sound side, close observation was 
performed, and the patient was scheduled to multiple ligaments 
reconstruction after swelling control. Without serial physical ex-
amination and Doppler ultrasound, the clinician discovered isch-
emic changes such as weakness of pedal pulse and cyanosis of 
toes, about 7 hours after the injury. The computed tomography 
angiography (CTA) was immediately performed, which showed 
complete segmental occlusion of popliteal artery, and fortunately, 
well developed genicular artery revealing proper collateral flow 
to the foot (Fig. 4). 

For emergency exploration of the popliteal artery, the patient 
was transferred to our hospital. Immediately, we carried out sur-
gical intervention to salvage the limb, 10 hours after the injury. 
The popliteal artery was found to be transected with thrombus 
and the damaged artery was excised. The graft interposition was 
performed by using a reversed saphenous vein graft with resto-
ration of distal pulses within 12 hours of the injury. Postopera-
tively, intravenous heparin was administered for 7 days before re-
placing to prophylactic low molecular weight heparin. Low mo-
lecular weight heparin was kept for 7 days. During the period of 
observation, aspirin was retained. One week after surgery, fol-
low-up CTA revealed successful restoration of the flow without 
any complication such as postoperative stenosis, thrombotic oc-
clusion (Fig. 5). 

Fig. 1. Initial knee plain radiograph of (A) anteroposterior and (B) 
lateral. The initial knee X-ray showed no dislocation and bony abnor-
malities.

AA BB
Fig. 2. Knee magnetic resonance imaging of (A) sagittal and (B) cor-
onal views. The knee magnetic resonance imaging showed (A) com-
plete rupture of bicruciate ligaments on the sagittal view (red arrow, 
anterior cruciate ligament; blue arrow, posterior cruciate ligament) 
and (B) injury of medial collateral ligament on coronal view (arrow).

AA BB
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Fig. 3. Knee magnetic resonance imaging (popliteal artery) of (A) sagittal and (B, C) coronal views. (A, B) There was a lesion suspected of being 
minor intimal injury (black circles), but (C) the overall patency of popliteal artery and distal flow (white circle) were maintained in the magnetic 
resonance imaging.

AA BB CC

Fig. 4. Lower extremity computed tomography angiography showed 
complete segmental occlusion of left of popliteal artery (circle).

Fig. 5. Lower extremity follow-up computed tomography angiogra-
phy after vein graft interposition surgery revealed successful resto-
ration of the flow (circle) without any complication such as postoper-
ative stenosis and thrombotic occlusion.
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Ethics statements
The case report was approved by the Institutional Review Board 
of Gyeongsang National University Hospital (No. GNUH 2022-
10-016). The data were collected and analyzed in an ethical man-
ner while protecting the patient`s right to privacy. Informed con-
sent was waived since this was a retrospective study using medi-
cal records. 

DISCUSSION 

In the event of knee dislocation, the popliteal artery is particular-
ly vulnerable to damage due to its anatomical location. At the 
point of the tendinous hiatus of the adductor magnus, the popli-
teal artery originates; before separating into the anterior and pos-
terior tibial arteries, the tendinous arch of the soleus muscle an-
chors it firmly at the popliteal fossa. The artery is thus quite vul-
nerable to injury because of its position above and below the 
knee [3]. An irreversible injury could result in the need for am-
putation above the knee if a vascular injury is not detected and 
repaired in a timely manner. There are also other complications 
associated with knee dislocations, such as compartment syn-
drome, deep vein thrombosis, and most commonly, neurologic 
damage. The peroneal nerve injury is not a surgical emergency 
but may result in foot drop and impaired gait if it damages the 
dorsiflexion of the foot. Furthermore, sensory loss and paresthe-
sia may also occur on portions of the dorsal side of the foot. Dis-
locations can spontaneously reduce in 50% of cases before they 
are evaluated, making diagnosis challenging [4]. When treating 
such patients, clinicians should confirm the history of leg defor-
mity, the mechanism of injury, and any prehospital reduction at-
tempts. Also, clinical assessments should be made to determine if 
the affected extremity is weak, cool, paresthesia, or bleeding. An 
evaluation of knee instability including ligamentous injury 
should be conducted after the reduction. Due to pain or muscu-
lar spasm, the initial ligament examination may be limited, 
which means a normal examination should be interpreted cau-
tiously. 

As a tool for assessing limb perfusion, the ankle-brachial in-
dex (ABI) is calculated by dividing the systolic blood pressure in 
the injured extremity by the systolic blood pressure in the unin-
jured upper extremity. Although the ABI values of >0.9 indicate 
intact vasculature, monitoring and repeat vascular examinations 
are recommended to avoid the missed diagnosis [5]. On physi-
cal examination, hard signs of arterial injury (pulselessness, rap-
idly expanding hemorrhage, massive bleeding, or palpable or 
audible bruit) help to diagnose vascular compromise requiring 

surgical treatment [6]. For patients without hard signs on physi-
cal examination, serial examination by a physician over 24 to 48 
hours has proven to be highly sensitive and specific for detecting 
vascular injury in knee dislocations [3]. Stannard et al. [3] rec-
ommended that a surgeon should perform a vascular examina-
tion upon admission, 4 to 6 hours after admission, and again 24 
and 48 hours later. However, due to the risk of complications 
(i.e., progression of occlusion or late pseudoaneurysm) associat-
ed with missed diagnosis, use of CTA has been recommended 
when soft signs (diminished pulse, a neurological findings and 
small nonpulsatile hematoma adjacent to named arteries) of 
vascular injury are present [7]. In the initial evaluation of this 
case, there were no hard signs like pulselessness, but only soft 
signs such as common peroneal nerve palsy at the local hospital. 
An ABI was not measured, but the same pulse as that of the con-
tralateral side was confirmed. Whenever vascular damage is sus-
pected, serial vascular examinations are required, and CTA is 
recommended if abnormal findings of ABI or Doppler ultra-
sound are observed. 

An increase in the level of energy in injuries may explain the 
higher frequency of vascular damage. Especially in cases of 
high-energy damage such as multiple ligament rupture, vascular 
damage should be strongly suspected. Since thrombotic occlu-
sion progresses slowly after intimal injury in this rare cases, close 
observation is necessary when vascular damage is suspected. The 
best diagnostic method for detecting vascular injuries was under 
debate in the literature. It is suggested that only patients with ab-
normal pulses or ABI undergo CTA in patients with knee dislo-
cation [8], in contrast to some studies that recommended routine 
angiography for all patients [9]. Due to the difficulty of establish-
ing the natural history of minor injuries resulting in healing or 
occlusion, we agree the “liberal use of angiography” for knee dis-
location injuries [10]. The clinicians need to regard high-energy 
trauma such as multiple ligament rupture around the knee as a 
hard sign, and immediate CTA can be helpful for accurate diag-
nosis and treatment. 

In summary, knee dislocation can result in vascular injuries, 
which can be potentially limb-threatening complication. About 
half of all dislocations can be reduced before arrival, so under-
standing of injury mechanism and thorough physical examina-
tion are essential. The equal pulses do not necessarily exclude 
vascular injury. In addition, even if ABI of > 0.9, serial vascular 
evaluation is required if there are soft signs such as diminished 
pulses, neurologic signs, or high-energy damage such as multiple 
ligament ruptures since delayed diagnosis of artery injury can be 
the major cause of limb amputation. Traumatic knee dislocation 
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should be considered as a hard sign and prompt CTA can pro-
vide accurate diagnosis of vascular damage. 
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Management of a traumatic avulsion fracture of the 
occipital condyle in polytrauma patient in Korea:  
a case report  
Chang Hwa Ham, MD1,2 , Woo-Keun Kwon, MD2 , Joo Han Kim, MD2 , Youn-Kwan Park, MD2 , Jong Hyun Kim, MD2  
1Focused Training Center for Trauma, Korea University Guro Hospital, Korea University College of Medicine, Seoul, Korea 
2Department of Neurosurgery, Korea University Guro Hospital, Korea University College of Medicine, Seoul, Korea 

Avulsion fracture of the occipital condyle are rare lesion at craniovertebral junction. It is often relat-
ed to high-energy traumatic injuries and show diverse clinical presentations. Neurologic deficit and 
instabilities may justify surgical treatment. However, the integrity of neurovascular structures is un-
dervalued in the current literatures. In this case report, we described a 26-year-old female patient 
with avulsion fracture of occipital condyle following a traffic accident. On initial presentation, her 
Glasgow Coma Scale was 8. She presented with fracture compound comminuted depressed, on the 
left side of her forehead with skull base fracture extending into clivus and occipital condyle. Her left 
occipital condyle showed avulsion injury with displacement deep into the skull base. On her com-
puted tomography angiography, the displaced occipital condyle compressed on the sigmoid sinus 
resulting in its obstruction. While she was recovering her consciousness during her stay in the hos-
pital, the lower cranial nerves showed dysfunctions corresponding to Collet-Sicard syndrome. Due 
to high risk of vascular injury, the patient was conservatively treated for the occipital condyle frac-
ture. On the 4 months postdischarge follow-up, her cranial nerve symptoms practically recovered, 
and the occipital condyle showed signs of fusion without further displacement. Current literatures 
focus on neurologic deficit and stability for the surgical decisions. However, it is also important to 
evaluate the neurovascular integrity to assess the risk of its manipulation as it may result in fatal out-
come. This case shows, an unstable avulsion occipital condyle fracture with neurologic deficit can 
be treated conservatively and show a favorable outcome. 

Keywords: Occipital condyle fracture; Avulsion; Computed tomography angiography; Collet-Sicard 
syndrome; Case reports  
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INTRODUCTION 

Avulsion fracture of the occipital condyle are rare lesion at 

craniovertebral junction. It is often related to fatal traumatic cra-
niofacial injuries and in precomputed tomography (pre-CT) era, 
majority of the cases were detected in postmortem autopsies [1]. 
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The imaging technology has improved dramatically in the recent 
decades and accordingly, earlier diagnosis and better prognosis of 
the patients can be anticipated, thanks to high resolution and 
quality three-dimension CT images. 

High impact cranial trauma is often the mechanism leading to 
occipital condyle fracture (OCF) [2]. Therefore, many clinical 
symptoms are associated with OCF. Cervical spine fractures and 
traumatic brain injuries are often accompanied. In a few cases, 
extra-axial craniocervical hemorrhages may also occur [3]. Fur-
thermore, Collet-Sicard syndrome is common in cases of avul-
sion fractures of occipital condyle, compressing on cranial nerves 
IX, X, XI, and XII, which result in hoarseness, dysphagia, and 
weakness of shoulder muscles [4]. 

The management of the avulsion or displaced OCFs vary in 
current literatures. There are reports of conservatively treated 
displaced OCFs, despite the neurologic symptoms including Col-
let-Siccard syndrome, which resulted in partial recovery of the 
neurologic symptoms [5,6]. Conversely, surgical treatments are 
often favored in patients with neural element compression with 
or without craniocervical misalignment [3]. However, these pre-
vious studies have not described the neurovascular integrity in 
their management decisions. Extra-axial hemorrhages at the 
craniocervical junction may result in fatal complications [7]. 
Therefore, adequate neurovascular evaluation and careful man-
agements are necessary in avulsion OCF patients.  

To best of our knowledge, the description of the CT angiogra-
phy in avulsion OCF lack in current literatures. This case report 
handles the management decisions that considers the vascular 
integrity of the avulsion OCF patients. 

CASE REPORT 

A 26-year-old female patient arrived at the emergency depart-
ment of the Focused Training Center for Trauma, Korea Univer-
sity Guro Hospital, following a traffic accident with Glasgow 
Coma Scale of 8. Her vital signs were stable, pupils were 3-mm 
prompt, and motor function were grossly intact. She did not have 
a significant medical or family history. The patient was sitting on 
the backseat of a taxi without fastening the seatbelt. High-speed 
collision with a guard-rail of a construction site caused her to col-
lide with windshield as reported by the taxi driver, who survived 
the accident without severe injury. Airbag system did not deploy 
during the accident. Upon patient inspection, we found 15-cm-
deep laceration on the left side of the forehead, raccoon-eye sign, 
and suspected CSF leakages. Polytrauma CT scan revealed frac-

ture compound comminuted depressed (FCCD) on the left side 
of the frontal bone (Fig. 1). The fracture line was continuous 
along the cribriform plate and ethmoid sinuses to the clivus. Bi-
lateral occipital condyle was found, where the left side was more 
severely affected—accompanying avulsion fracture and depres-
sion into skull base corresponding to the type 3 Anderson-Mon-
tesano and type 2B Tuli classification (Tables 1, 2, Fig. 1) [14]. 
Magnetic resonance imaging of the cervical spine revealed a type 
1 atlantoaxial subluxation with intact transverse atlantal liga-
ment. Despite the severely affected cervicocranial junction, sub-
axial cervical vertebrae, and their posterior ligamentous complex 
remained undamaged. Other findings were craniofacial CT scans 
were traumatic subarachnoideal hemorrhage at perimesen-
cephalic cistern, subdural hemorrhage along cerebral falx, as well 
as bilateral frontal cerebral hemorrhagic contusion were noted. 
Scanty pneumocephalus and blow-out fracture of left orbit were 
also present. Additionally, mild liver laceration and lung contu-
sion were also found. CT angiography was done for the evalua-
tion neurovascular integrity, which included both arterial and ve-
nous phases. No evidence of stenosis or aneurysmal dilatation 
were found in the craniocervical arteries. However, flow void was 
observed in the left transverse-sigmoid sinus during the venous 
phase (Fig. 2). 

The patient was admitted to the intensive care unit. The patient 
was immobilized with Miami brace and mildly sedated as pre-
venting further vascular injury was important. FCCD with CSF 
leakage were managed with antibiotics administration followed 
by bifrontal osteoplastic craniectomy. Surgical treatment was not 
planned for the OCF to conserve the integrity of the sigmoid si-
nus and prevent devastating intracranial hemorrhage. On the 3rd 
day of admission, the patient slowly gained consciousness, being 
able to follow second-step obey command. On 12th admission 
day, the patient was permitted to drink water on her own and 
showed no signs of aspiration. However, on the 17th day, the pa-
tient developed aspiration signs and the Levine tube was applied. 
Patient also showed left-sided vocal cord palsy, which was mani-
fested as hoarseness and speech difficulty as she gained con-
sciousness. Left-sided tongue deviation was also observed. The 
patient was discharged on the 55th hospital day. CT scan prior to 
discharge showed no further displacement of the occipital con-
dyle. 

Miami brace was kept for 4 months after discharge. The pa-
tient received injection laryngoplasty in a private hospital 
1-month postdischarge. Levine tube was removed within 1 
month of discharge, and aspirations or dysphagia gradually im-
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Fig. 1. Avulsion fracture of the occipital condyle. (A) Initial computed tomography image shows displacement of the left occipital condyle deep 
into the skull base (arrow). (B) Computed tomography image of 4-month follow-up shows fusion of the occipital condyle without further dis-
placement.

AA BB

Table 1. The Anderson-Montesano classification of occipital condyle fractures

Type Description Stability
I Impacted fracture Axial stress, stability from the contralateral alar ligament and tectorial membrane
II Fracture of the base of the skull extending into the 

condyle
Stability from the intact alar ligament and tectorial membrane

III Avulsion fracture Tear of bony attachment of the alar ligament
Instability due to associated injuries of the tectorial membrane

Table 2. The Tuli classification of occipital condyle fractures 

Type Description Stability
I Not displaced (<2 mm) Stable
II Displaced without AOD Stable
III Displaced with AOD Unstable
AOD, atlanto-occipital dislocation.

proved. On the 6th month of the outpatient’s follow-up, the pa-
tient significantly improved in speech, with less hoarseness. CT 
scan revealed bony fusion without further displacement of the 
occipital condyle (Fig. 1). 

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

DISCUSSION 

Avulsion fracture of the occipital condyle is a clinically alarming 
situation. It often occurs in the setting of polytraumatic injuries 
of variable mechanisms such as axial compression and/or dis-
traction or lateral skull compression, making it difficult for clini-
cian to manage. Furthermore, it is anatomically located adjacent 
to many vitally important structures such as medulla oblongata 
and their neurovascular structures, cranial nerves controlling air-
ways, and cranial venous sinuses [8]. Therefore, varying degrees 
of clinical symptoms are presented from fatal injuries to clinically 
dormant situations. Nevertheless, meticulous investigations are 
necessary for management. In the current literatures, decisions 
are often made in terms of neurologic deficits and misalignments 
associated with the injury. Neurologic deficit with concomitant 
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atlanto-occipital instability is regarded as an indication for sur-
gery [3]. However, neurovascular integrity also plays a great role 
in this situation as it may result in devastating outcome. Further-
more, surgical treatment often involves the fusion of the occiput 
and upper cervical vertebrae. This greatly reduces the range of 
motion in the cervical spine including rotation, flexion and ex-
tension, and lateral flexion movements [9]. Additionally, occipital 
condyle fusion may result in dyspnea and/or dysphagia postop-
eratively [10]. 

In this case report, we presented a polytrauma patient with 
avulsion OCF, who was treated conservatively. The patient was in 
a minimally conscious state on the 1st week of admission, mak-
ing it difficult to examine the cranial nerves that are functionally 
important—dysphagia, dyspnea, and vocal phonation. Immedi-
ate polytrauma CT scan showed misalignment of craniocervical 
junction but no impingement on medulla oblongata or high cer-
vical spinal cord. CT angiography showed obstruction of left-sid-
ed transverse-sigmoid sinus due to displacement of left occipital 
condyle. This situation sets the clinicians in dilemma of making 
surgical decisions, as injury to this venous sinus may result in un-
expected fatal outcome. In this case, we decided to observe the 
patient by externally fixating the craniocervical junction with 
Miami brace. The decision was made due to uncertain con-

sciousness and other managements in priority, such as CSF leak 
and intracranial pressure monitoring. During the admission she 
slowly gained consciousness and orientations and after the dis-
charge, during the follow-up, the displaced occipital condyle 
fused in place without further dislocation. The patient also grad-
ually improved in terms of dysphagia and hoarseness. Functional 
recoveries of unilateral Collet-Sicard syndrome had also been re-
ported with the conservative management by Cirak et al. [11]. 

Another issue that should be discussed from this case is the 
obstruction of transverse-sigmoid sinus due to the displaced oc-
cipital condyle. Sigmoid sinus drains into internal jugular vein 
that leaves the cranial vault through jugular foramen, which is lo-
cated immediately lateral to occipital condyle. Any displacement 
of occipital condyle may cause obstruction of internal jugular 
vein or sigmoid sinus. Yet, current reports on avulsion OCFs 
rarely describe the neurovascular integrity. However, this is an 
important issue because depending on anatomic variations of 
torcular Herophili, the consequence can be fatal. Furthermore, 
the clinical manifestation of obstructed venous drainage is often 
delayed. Early discharge in patients that are seemingly symptom-
less may face an irreversible devastating outcome [12]. CT angi-
ography is a convenient image work-up to detect such a lesion. 
Fortunately, the patient tolerated the acute obstruction of unilat-
eral transverse-sigmoid sinus without developing any sequelae. 
Nevertheless, we have closely observed her for delayed onset of 
possible venous infarction of the brain with serial brain CT scans. 
Currently, the Anderson-Montesano and the Tuli classifications 
are commonly used mainly to assess the stability of the OCFs 
[13], but the integrity of the vasculature is incorporated into the 
classification. For the surgical decision making it is also import-
ant to consider vascular work-up in addition to the usual work-
up to assess stability, alignment, and neurologic deficit. 

To conclude, this case demonstrates a patient with an unstable 
OCF with neurologic deficit who is conservatively treated due to 
high risk of vascular damage with obstructed sigmoid sinus. 
Eventually, the patient practically recovered from Collet-Sicard 
syndrome, and the occipital condyle fused without further dis-
placement. Therefore, conservative treatment can be a treatment 
option even in case of unstable and maligned OCF, if high risk of 
vascular damage is suspected. 

NOTES 

Conflicts of interest 
The authors have no conflicts of interest to declare. 

Fig. 2. Cranial computed tomography angiography with venous 
phase. Left-sided transverse-sigmoid sinus seems obstructed (arrow) 
with displaced occipital condyle (asterisk).
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Delayed open abdomen closure using a combination of 
acellular dermal matrix and skin graft in Korea: a case report  
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Delayed closure of an open abdomen (OA) is a clinically challenging task despite its various modali-
ties. It is substantially more difficult when the duration of OA treatment is prolonged due to a pa-
tient’s condition. We introduced the management of a patient who had a delayed OA treatment 
spanning approximately 3 months due to severe abdominal contamination. The 64-year-old male 
patient had an injured pelvis pressed by a road roller. After visiting a trauma center, the patient ini-
tially underwent damage control surgery and OA management; however, early primary abdominal 
closure failed due to severe peritonitis. After negative pressure wound therapy for several months, 
an acellular dermal matrix graft followed by a skin graft were successfully used as treatments. A 
combination of acellular dermal matrix graft, negative pressure wound therapy, and skin graft tech-
niques is a considerable management sequence for patients subjected to delayed OA treatment. 

Keywords: Wounds and injuries; Open abdomen techniques; Acellular dermis; Skin transplanta-
tion; Case reports 
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INTRODUCTION 

Open abdomen (OA) management is a life-saving strategy for 
patients with trauma who requires damage control surgery for a 
severe abdomen injury, such as compartment syndrome, uncon-
trolled abdominal contamination, and abdominal wall tissue loss 
[1]. Although OA is a helpful method in the early stages of treat-
ment for patients with trauma, it may result in delayed morbidity 
from conditions such as incisional hernia, abdominal abscess, 
and enteroatmospheric fistula (EAF). Therefore, after the initial 
resuscitation stage, the abdominal wall should be closed at an 
early stage. The closure rates of OA are archived during the first 7 
to 10 days of treatment; however, afterward, the timing of ab-

dominal closure tends to extend to 20–40 days and make poor 
outcome [2,3]. 

Primary fascia closure is the best method of OA closure; how-
ever, it cannot be performed under many conditions. If it cannot 
be performed at an early stage, then it is unlikely to be performed 
at a late stage. As alternatives, various definitive closure methods 
for a difficult abdomen include bilateral anterior rectus sheath 
flap, component separation method, abdominal closure method 
using a mesh, planned ventral hernia, thigh musculocutaneous 
flap, early planned ventral hernia, and posterior component sep-
aration method [4]; however, no conclusion has been reached re-
garding the most suitable method. 

In this case, we performed abdominal wall restoration using an 
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acellular dermal matrix (ADM) and skin grafts in a patient under 
long-term OA treatment due to intestinal perforation accompa-
nied by open pelvic fractures and wound infection. 

CASE REPORT 

A 64-year-old male patient, who had an injured pelvis that was 
pressed by a small road roller, visited a trauma center. The patient 
had a blood pressure of 64/32 mmHg, a heart rate of 63 beats/
min, and was stupor with a Glasgow Coma Score of 13 (eye, 2; 
verbal, 5; motor, 6). On physical examination, active bleeding 
was observed in an open pelvic fracture from the left inguinal to 
the scrotal area. Massive transfusion, resuscitative endovascular 
balloon occlusion of the aorta, and pre-peritoneal pelvic packing 
were performed simultaneously. A radiograph taken at the trau-
ma bay showed a severe pelvic bone fracture (Fig. 1A). The pa-
tient was immediately moved to the operating room for emer-
gency surgery. 

The surgical findings showed ruptured pelvic floor muscles 
and a perforated rectum with multiple pelvic arterial injuries. 
Sigmoid colon hematoma was also identified. Hemostasis was at-
tempted through ligation of bleeding vessels and perforated rec-
tum was closed primarily. Following this, gauze packing was per-
formed for the diffuse oozing. After wound irrigation with warm 
saline, the operation ended with an OA. Pelvic external fixation 
was performed by an orthopedic surgery team, followed by a 

damage control surgery. 
A day after the damage control surgery, the patient’s vital signs 

stabilized. Computed tomography scans were performed (Fig. 
1B), followed by a second-look operation via a long midline ab-
dominal incision; sigmoid colon segmental resection was per-
formed due to sigmoid colon perforation with multiple mesen-
teric injuries. Sigmoid colon stump was made without anastomo-
sis due to a severely contaminated abdomen and a high chance of 
leakage. Colon anastomosis or end colostomy was planned in the 
third operation, depending on the patient’s status. Likewise, the 
operation ended with an OA because of oozing from the abdom-
inal cavity and severe intestinal swelling. 

The third operation was performed on the 3rd day of hospital-
ization; the OA was closed after the hemostasis of soft tissue 
bleeding in the pelvis and end-colostomy maturation in the left 
lower abdomen (Fig. 2A). However, on the 18th day of hospital-
ization, intestinal necrosis was observed on the colostomy site. 
The patient went into shock, and emergency surgery was per-
formed. During the surgery, the EAF of the transverse colon and 
intestinal necrosis of the terminal ileum and cecum were ob-
served, and a total colectomy was performed. Subsequently, an 
end ileostomy was formed in the right lower abdomen, and the 
surgery was terminated with an OA because of intraabdominal 
swelling (Fig. 2B). Abdominal closure was delayed for several 
weeks due to soft tissue necrosis, coagulopathy, and continued 
intraabdominal sepsis. 

AA BB

Fig. 1. Radiologic findings. (A) Initial radiographic finding at the trauma bay. (B) Results of the computed tomography scan performed 1 day after 
admission. Intraabdominal extravasation was observed.
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The OA was managed through continuous negative pressure 
wound therapy (NPWT). To avoid direct pressure on the intes-
tine, we used a sterile bag as the first layer of dressing directly in 
contact with the intestine and a soft silicon dressing (Mepitel, 
Mölnycke Health Care) as the second layer of dressing (Fig. 2C). 
The pressure of the dressing was usually maintained at 120 
mmHg (Fig. 3). Wound debridement and irrigation were repeat-
ed every 2 to 3 days in the operating room. Coagulation and ab-
dominal inflammation considerably improved; however, primary 
fascia closure was not feasible due to massive and destructive tis-
sue loss. 

After consulting with a plastic surgeon, we applied an ADM 
graft and planned a skin graft. As an intermediate step, wound 
covering with an ADM graft was attempted on the 48th day of 
hospitalization (Fig. 2D). Afterward, the ADM graft was partially 

lost; however, granulation tissue formation resulted in a mem-
brane covering most of the surgical area (Fig. 2E, F). A 
split-thickness skin graft was used by the plastic surgery team 
100 days after the second OA was created. The skin graft was well 
stabilized; it healed without an EAF or ulcer (Fig. 2G). Abdomi-
nal wall defects were not observed until the last follow-up (Fig. 
2H) and patients were transferred to local hospital. 

Ethics statements
Informed consent was obtained from the patient. 

DISCUSSION 

In this case, we demonstrated that a chronically inflamed OA 
could be repaired through constant wound management. The 

Fig. 2. Abdominal wound findings. (A) Colostomy was performed at the third-look operation. (B) End ileostomy with an open abdomen was per-
formed. (C) Intraabdominal inflammation and intestinal swelling improved. (D) Open abdomen was covered by an acellular dermal matrix (ADM) 
graft. (E) Partial loss of the ADM graft. (F) Granulation tissue formed at the surface of the ADM graft. (G) Wound healed after the placement of a 
split-thickness skin graft. (H) Wound at the last follow-up (13 months after the injury).
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management of patients with OA requires three fundamental 
steps: (1) hemodynamic resuscitation, (2) source control of ab-
dominal infection, and (3) delayed abdominal closure [3]. Thus, 
a severe abdominal infection may extend the period of the sec-
ond step, resulting in delayed abdominal closure. In this case, ab-
dominal contamination had seriously progressed due to multiple 
necrosis of the small and large intestines and the occurrence of 
an EAF following rectal and colon damage. 

An OA can be definitively closed in various ways. According to 
a recent guideline, these are principally divided into non-
mesh-mediated and mesh-mediated techniques. Nonmesh-me-
diated techniques include primary fascia closure, component 
separation method, and planned ventral hernia. Primary fascia 
closure is an ideal solution to restore abdominal closure; howev-
er, it is difficult to perform in an OA with fascial retraction [5]. 
The component separation method may be useful in managing 
an abdominal wound with fascial retraction; however, it should 
only be considered as a definitive closure technique; it destabiliz-

es the outer layer of the abdominal wall, allowing the skin to shift 
in relation to the underlying myoaponeurotic tissue, making its 
application difficult in patients with enterostomies [6]. A planned 
ventral hernia is another treatment option to cover the abdomi-
nal viscera. It can be considered in cases of persistent contamina-
tion, several comorbidities, or severely ill patients [1]. Various 
skin coverage techniques that involve using skin grafts, or vascu-
larized, pedicled, or free flaps, can be performed by comprehen-
sively considering the condition of the wound, donor site, and 
patient [7]. In mesh-mediated techniques, a nonabsorbable syn-
thetic mesh (i.e., polypropylene mesh) or biological prostheses 
can be used as wound closing materials. Synthetic meshes in con-
taminated fields are not recommended by the guidelines for 
emergency abdominal wall reconstruction [1,8]. 

Despite several treatment strategies for OA treatment, using a 
synthetic mesh was contraindicated in our patient due to pro-
longed intraabdominal infection. Likewise, the component sepa-
ration method could not be performed because the abdominal 
soft tissues, including the skin, subcutaneous fat, and fascia, be-
came fibrotic tissue. 

Since its introduction in the mid-1990s, NPWT has continu-
ously developed and become a popular treatment modality for 
managing acute and chronic wounds [2,9]. As a treatment mo-
dality, it provides the following clinical benefits: control of drain-
age of fluids, reduction of local edema, reduction of bacterial 
load, and early development of granulation tissue by angiogenic 
stimulation [10]. Therefore, we used NPWT as a wound man-
agement method for the reduction of tissue edema and stimula-
tion of granulation tissue development. 

NPWT is an effective technique to reconstruct the abdominal 
wall; however, it poses a risk of developing complications, such as 
a fistula. In a systematic review, Boele et al. [11] reported primary 
fascia closure rates ranging from 35% to 92% and fistula rates 
ranging from 0% to 15%]. To avoid this complication, we used a 
sterile bowel bag as an impermeable barrier to protect and avoid 
direct pressure on the intestine; the sponge was in contact with 
the wound margin. Fascia retraction and intraabdominal adhe-
sions may occur in a prolonged OA. If the fascia cannot be closed 
primarily, the defect may bridge with the ADM. At this time, 
NPWT can be instituted to help reduce edema, control wound 
exudates, and maintain the abdominal domain while encourag-
ing abdominal fascial closure. It can be used in combination with 
a biological mesh to facilitate granulation and skin closure 
[12,13]. The skin graft can be used after the granulation tissue 
has grown on the ADM. 

There were three reasons for selecting ADM grafts. First, we 

Fig. 3. Negative pressure wound therapy.
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intended to prevent the loss of additional nutrients and moisture 
by using it as a temporary coverage. ADM acts like a barrier be-
cause it has a dermis structure like that of human skin. Also, 
ADM with skin graft is expected to be better for hernia preven-
tion than skin graft alone. Second, ADM promotes the wound 
healing process. Third, ADM could prevent adhesion by direct 
contact with internal organs, thereby lowering the chance of in-
testinal obstruction. However, ADM is quite expensive because it 
is not covered by the National Medical Insurance of Korea (it 
costs approximately 20,000 KRW/cm2). 

In conclusion, definitive abdominal closure can be performed 
through stepwise management. The combination of ADM and 
skin graft may be considered a reasonable treatment option, es-
pecially in patients with a prolonged OA.  
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Endovascular treatment of traumatic iliac venous injury 
combined with phlegmasia cerulea dolens in Korea:  
a case report   
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Traumatic iliac venous injury is rare but can be fatal. Although surgical management is considered a 
primary treatment method, urgent treatment is required when deep venous thrombosis and subse-
quent phlegmasia cerulea dolens is combined. It is difficult to treat by surgical management, and 
pharmaceutic thrombolysis cannot be applied due to the trauma history. Here, we describe a case of 
unilateral traumatic iliac venous injury and subsequent diffuse venous thrombosis in the affected il-
iofemoral and infrapopliteal veins, combined with phlegmasia cerulea dolens, treated with endovas-
cular management, including bare metal stent insertion and aspiration thrombectomy. 

Keywords: Wounds and injuries; Venous thrombosis; Iliac vein; Endovascular procedures; Case re-
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INTRODUCTION 

Traumatic iliac venous injury (TIVI) is rare and often underesti-
mated but can be fatal [1]. TIVI without pelvic bone fracture is 
reported to be even more rare [2,3]. Surgical repair or ligation is 
considered a first-line treatment modality [4]; however, it has not 
yet been established and remains controversial. In particular, ur-
gent treatment is required when deep venous thrombosis (DVT) 
and subsequent phlegmasia cerulea dolens (PCD) are complicat-
ed by TIVI. It is difficult to treat those patients with surgery 
alone, and pharmaceutic thrombolysis cannot be applied due to 
trauma history. There is no consensus on a treatment strategy for 
TIVI combined with DVT and PCD. 

We describe a case with unilateral TIVI and subsequent diffuse 

DVT in the affected lower limb, combined with PCD, treated by 
endovascular management. 

CASE REPORT 

A 46-year-old male patient who had a pedestrian traffic accident 
was admitted to a regional trauma center. The patient was in a 
semicomatose state with unstable initial vital signs (blood pres-
sure, 63/32 mmHg; heart rate, 110 beats/min). Complete blood 
count (serum hemoglobin, 13.5 g/dL; hematocrit, 39.6%) and co-
agulation profile (platelet count, 276 × 103/mm3; international 
normalized ratio, 1.1) was normal. Contrast-enhanced abdomi-
nopelvic computed tomography (CT) showed a retroperitoneal 
hematoma, without evidence of pelvic bone fracture, and DVT in 
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the adjacent right common and external iliac veins. Iliac venous 
rupture and subsequent adjacent hematoma formation were sus-
pected, but it was thought that active venous bleeding had 
stopped due to the formation of venous thrombus; therefore, 
conservative treatment with blood transfusion (4 units of packed 
red blood cells and 4 units of fresh frozen plasma) was initiated 
for the lesion. The patient’s vital signs were stabilized. However, 
PCD developed in the right lower extremity 1 day later. Fol-
low-up lower extremity CT venography showed not only an in-
creased volume of pelvic hematoma and diffuse DVT involving 
the right iliofemoral and right infrapopliteal veins (Fig. 1A) but 
also decreased enhancement of the muscles of the right deep 
thigh and calf (Fig. 1B, C). 

Urgent fasciotomy was performed at the bedside, and subse-
quent endovascular treatment for DVT and TIVI was request-
ed. A retrievable filter (Denali, Bard Peripheral Vascular Inc) 
was inserted into the infrarenal inferior vena cava via the right 
internal jugular vein to prevent pulmonary artery embolism 
that might occur during the procedure. The patient was placed 
in a prone position, and the right popliteal vein was punctured 

Fig. 1. Computed tomography before the surgical and interventional procedures and a photo taken during fasciotomy. (A-C) Contrast-enhanced 
computed tomography taken 1 day after the onset of trauma. (A) Hyperdense fluid collection in the pelvic cavity (asterisk), suggestive of he-
matoma, contrast filling defect in a right iliac vein (arrow), and (B, C) right femoral vein (arrowhead), suggestive of thrombosis, and decreased 
enhancement of right deep thigh and calf muscles (arrows), suspicious of ischemic changes. (D) The photo of right lower extremity taken during 
fasciotomy before the endovascular procedure shows the color change with edematous muscles.
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under ultrasonographic guidance. An 8F sheath (Glidesheath, 
Terumo Interventional Systems) was inserted. Venography 
showed diffuse DVT involving the right iliofemoral vein and 
extravasation of contrast media from the right external iliac 
vein (Fig. 2A). One 14 ×100-mm self-expandable bare metal 
stent (E-luminexx, Bard Peripheral Vascular Inc) was inserted 
across the rupture site, and poststent balloon dilation was per-
formed inside the stent using a 12 ×100-mm balloon catheter  
(Mustang, Boston Scientific Corp). Aspiration thrombectomy 
was performed in the right iliofemoral vein using an 8F guiding 
catheter (Mach 1, Boston Scientific Corp). A large amount of 
the red thrombus was aspirated, but small DVT was still re-
maining in the external iliac vein and venous flow was not im-
proved. Additional stent insertion was performed using a stent 
of the same size overlapping the existing stent, and additional 
poststent balloon dilation was performed using the same bal-
loon catheter. Completion venography showed improved ve-
nous drainage and the absence of contrast media extravasation 
(Fig. 2B). The access sheath was removed, and access site he-
mostasis was achieved by manual compression. A 6-week fol-
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Fig. 2. Images taken during the interventional procedure. (A) Venog-
raphy during procedure shows contrast media extravasation from the 
right external iliac vein (arrows). Bare metal stent insertion, balloon 
tamponade, and aspiration thrombectomy were performed. (B) Com-
pletion of venography shows improvement of venous drainage and 
absence of contrast media leakage. The native image is marked on the 
left to determine the location.
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low-up CT venography showed a patent stent, a significantly 
decreased volume of the right pelvic hematoma without evi-
dence of hemorrhage (Fig. 3A), and improved perfusion of the 
thigh muscles (Fig. 3B), although that of calf muscles were not 
(Fig. 3C). 

Ethics statements 
Informed consent for publication of the research details and clin-
ical images was obtained from the patient. 

DISCUSSION 

TIVI may be fatal, with a mortality of 50% to 70%, if left untreat-
ed [1,5]. Surgical treatments, including packing, surgical repair, 

or ligation, are considered the treatment of choice if conservative 
treatment fails [4,6]; however, surgery is challenging because the 
overlying hematoma interferes with the surgical field and the 
tamponade effect decreases during surgery [7]. Therefore, endo-
vascular management has been reported as an alternative treat-
ment modality, most of which involves covered stent insertion 
[6,8–10], and there are a few case reports of bare metal stent in-
sertion [1,5,7]. 

Massive exposure to thrombogenic agents in the bloodstream 
due to traumatic vascular shearing injury can cause thrombosis 
[11]. In particular, massive amounts of iliofemoral and infrapop-
liteal DVT can occur in a short period of time due to acute 
blockage of the draining iliac vein, which can lead to complica-
tions such as PCD and phlegmasia alba dolens. Surgical or inter-
ventional procedures in most of the previously reported TIVI 
cases have been performed to treat hemorrhage due to iliac ve-
nous rupture rather than DVT and subsequent PCD. Hu et al. 
[12] reported a case in which PCD, which occurred after surgical 
ligation was performed for TIVI, was treated with surgical ve-
nous reconstruction. 

In contrast, in our case, diffuse iliofemoral and infrapopliteal 
DVT and subsequent PCD were present and urgent intervention 
was requested. It is noteworthy that the contrast media leakage 
disappeared even though bare metal, not covered, stents were in-
serted. Stent placement likely pushed the remaining thrombus 
towards the injured venous wall, and hemostasis was achieved by 
covering the ruptured site. 

Compared to covered stents, bare metal stents are suitable for 
emergency use because they usually have higher availability in 
hospitals and have lower migration risk, even with stents with 
relatively smaller diameters [5]. And it is also a method worth 
considering because venous pressure is much lower than arterial 

Fig. 3. Follow-up contrast-enhanced computed tomography. (A) Patent stent (arrow) is shown with decreased volume of right pelvic hematoma 
with chronic changes (asterisk). (B) Perfusion of the thigh muscles are improved, (C) but that of calf muscles are not (arrows).
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pressure. For this reason, the use of bare metal stents as treatment 
for venous injury is increasing [13]. Although not indicated in 
our case, prolonged balloon tamponade or additional coil embo-
lization might be considered if bleeding is not resolved with bare 
metal stent insertion [14,15]. 

In conclusion, we successfully treated a patient with PCD com-
plicated by TIVI-related DVT using aspiration thrombectomy, 
bare metal stent insertion and subsequent balloon tamponade. 
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Spontaneous recanalization of complete urethral injury 
treated by suprapubic cystostomy alone after severe 
pelvic bone fracture in a young male patient in Korea:  
a case report   
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1Department of Trauma Surgery, Armed Forces Trauma Center, Armed Forces Capital Hospital, Seongnam, Korea 
2Department of Orthopedic Surgery, Armed Forces Capital Hospital, Seongnam, Korea 
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Injury to the genitourinary tract is rare, with an incidence of less than 1%. Younger men (mean age, 
approximately 30 years) are predominantly affected. We introduce an unusual case of a 25-year-old 
male patient with complete urethral injury combined with a severe open pelvic bone fracture. 
During the emergency surgery, the primary realignment of the posterior urethra could not be per-
formed due to a large defect. With suprapubic cystostomy alone, follow-up voiding cystourethrogra-
phy showed spontaneous recanalization of the transected urethra after four months. Suprapubic 
cystostomy is an efficient treatment option when primary realignment is not possible. 
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INTRODUCTION 

Urethral injury is a consequence of major blunt trauma to the 
pelvis, with a reported incidence ranging from 1.6% to 25.0% 
[1,2]. Men are predominantly affected by injury due to a long 
urethra and attachment to the pubis. These injuries can be cata-
strophic and incapacitating, causing urethral strictures, erectile 
dysfunction, and urinary incontinence. 

The male urethra can be classified into anterior (bulbous and 
pendulous) and posterior (prostatic and membranous) parts. 
Posterior urethral disruption injuries can occur due to severe pel-
vic blunt injuries, especially avulsion of the puboprostatic liga-

ment and lengthening of the membranous urethra. The treat-
ment of posterior urethral injury involves primary realignment 
(PR) with a urethral catheter or suprapubic cystostomy (SPC) 
with delayed repair [3]. A recent systematic review reported that 
PR appears superior in terms of stricture formation, but there is 
still debate regarding the proper management of posterior ure-
thral disruption. 

In this case report, we review an unusual experience of sponta-
neous recanalization of complete posterior urethral disruption 
combined with an open pelvic bone fracture in a young male pa-
tient who underwent SPC alone. 
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CASE REPORT 

A 26-year-old male patient was a pedestrian struck by a forklift 
caught between a car and a wall. The patient was initially trans-
ported to a local emergency department, where he was diag-
nosed with an open pelvic bone fracture and a right distal femur 
fracture (Fig. 1). Active contrast leakage was not shown on abdo-
men and pelvis computed tomography scan. A Foley catheter 
was inserted constrainedly, and 50 mL of fresh blood was 
drained. Owing to a lack of capacity and unstable systolic blood 
pressure (< 60 mmHg), we decided to transfer the patient to the 
Armed Forces Trauma Center (Seongnam, Korea). Vital signs on 
arrival were stable (blood pressure, 123/77 mmHg; pulse rate, 
109 beats/min; respiratory rate, 16 breaths/min) and extended fo-
cused assessment with sonography for trauma (eFAST) was neg-
ative. Therefore, we decided to perform emergency surgery for 
pelvic exploration and external fixation.  

The trauma surgery team surveyed the pelvic cavity during the 
initial emergency surgery, but no active venous or arterial bleed-
ing was observed. Orthopedic surgeons performed external pel-
vic fixation and decided not to mount anterior plating on the 
symphysis pubis due to contaminated wounds and urologic in-
terventions. Urologists had previously explored the bladder and 
urethra. The bladder was perforated, and the posterior urethra 
was completely disrupted. In addition, the initial Foley catheter 
was exposed outside the bladder. PR of the urethra was initially 
attempted using interlocking urethroplasty; however, this failed 
because the resected part of the urethra was too extended, and 

the view was not clear (Fig. 2). Therefore, emergency surgery was 
completed with external pelvic fixation, internal fixation of the 
right femur, bladder repair, and SPC. The urologists planned a 
delayed repair of the urethral injury for 12 weeks later. 

On the 8th day of hospitalization, orthopedic surgeons added 
an anterior plate to the symphysis pubis. After 3 months, voiding 
cystourethrography, which was planned pre-urethroplasty, 
showed spontaneous recanalization of the ruptured posterior 
urethra (Fig. 3) with no intervention except for SPC. Uroflowme-
try showed that Qmax was 18 mL/sec and voided volume was 
298 mL. Hence, we changed the plan for urethroplasty to observa-
tion. The SPC catheter was removed, and the patient did not com-

Fig. 1. Pictures of initial portable X-ray and wound showed the anterior posterior compression type III open pelvic bone fracture.

Fig. 2. Intraoperative finding showed that ruptured urethra could not 
be realigned via retrograde and antegrade Foley catheter insertion.
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plain of any signs of urinary leakage or urethral stricture. In addi-
tion, he reported no erectile dysfunction or urinary incontinence. 

Ten months after the initial injury, the patient reported mild 
residual urination. Follow-up uroflowmetry and residual urine 
test revealed no specific findings (Qmax, 19.9 mL/sec; voided 
volume, 473 mL; resiual urine, 7 mL). Any medications which 
might improve urinary symptoms was not administered to the 
patient during the whole treatment period. 

Ethics statements 
The case report was approved by the Institutional Review Board 
of the Armed Forces Capital Hospital (No. AFCH 2022-09-002-
001). Data were collected and analyzed in an ethical manner 
while protecting the patient’s right to privacy. The requirement 
for informed consent was waived because this was a retrospective 
study conducted using medical records. 

DISCUSSION 

Both anterior and posterior urethral injuries are commonly 
caused by blunt trauma to the pelvis. However, the posterior ure-
thra is more easily affected by serious pelvic bone fractures, given 
its deeper location. The key vector for posterior urethral disrup-
tion is the upward displacement of the bladder and prostate. An 
estimated 10% of pelvic fractures are combined with posterior 

urethral injuries [4]. 
The risk of urethral injury is likely correlated with the type of 

pelvic fracture. Isolated acetabulum, ilium, and sacrum fractures 
are unlikely to damage the urethra (close to zero) [4]. However, 
diastasis of the symphysis pubis or inferomedial pubic bone frac-
ture displacement was associated with an approximately 10% in-
creased risk of urethral injury in one study [2]. Other high-risk 
pelvic bone fracture types involve all four rami of the pubis or 
both ipsilateral rami combined with high-grade disruption 
through the sacrum, sacroiliac joint, or ilium. 

The standard diagnostic tool for urethral injury is retrograde 
urethrography. Computed tomography cannot efficiently survey 
the urethra, especially without delayed-phase scans, which are 
not routinely performed in trauma settings. Careful insertion of a 
Foley catheter in a patient with a pelvic bone fracture is a widely 
known common practice; however, in this case, incorrect, forced 
placement of the Foley catheter demonstrated the lack of a trau-
ma program in the local emergency department. 

The preferred repair for posterior urethral injuries has changed 
since the 1950s. One of the earliest procedures, described by Bad-
enoch [5], was a “pull-through” operation, a retrograde catheter-
ization through the defect to the bladder, which let the injury 
heal by scarring. Emerging procedures using the abdominal ap-
proach have become mainstream treatments involving delayed 
repair techniques [6,7]. In 1985, Webster described a complete 
perineal and stepwise approach to urethral repair. This procedure 
provides a meaningful success rate of 97% in adults [8]. However, 
the 2016 male urethral stricture guideline from the American 
Urological Association (AUA) insisted that definitive urethral re-
construction for pelvic fracture urethral injury should be 
planned only after major injuries stabilize and patients can be 
safely positioned for urethroplasty [9]. Thus, there is a need to 
perform immediate “bridging” treatment. 

Despite advances in urethroplasty, the best immediate man-
agement for posterior urethral injury in pelvic fractures remains 
unclear. Currently, two interventions are commonly accepted: PR 
and SPC. Realignment of the injured urethra using a Foley cathe-
ter, open cystostomy, and interlocking sounds have supplanted 
primary suturing, but this has been associated with an increasing 
rate of erectile dysfunction and incontinence. Suprapubic cystos-
tomy followed by delayed urethroplasty has become the pre-
ferred first-step treatment. The development of flexible urethros-
copy has recently attracted renewed interest as an immediate op-
tion for early PR [2,4,10–13]. Two recent systematic reviews ad-
dressing the priority between PR and SPC have revealed incom-
patible results. Barrett et al. [10] demonstrated a significantly 

Fig. 3. After 3 months of suprapubic cystostomy alone, the patient 
showed complete healing of posterior urethral disruption. There was 
no evidence of urinary leakage or urethral stricture.

Shin et al. Spontaneous healing of urethral injury in pelvic trauma

163www.jtraumainj.orghttps://doi.org/10.20408/jti.2022.0056



lower rate of stricture in PR versus SPC and no differences for 
other complications (erectile dysfunction and incontinence). 
Light et al. [14] compared PR versus SPC and early endoscopic 
realignment versus SPC; they showed no significant differences 
in stricture, erectile dysfunction, or incontinence across the 
groups. No randomized controlled trials directly compared the 
PR group with SPC, and both reviews had limitations in the evi-
dence. Nevertheless, the 2020 Urotrauma Guideline published by 
the AUA [15] added a new recommendation that clinicians 
should perform percutaneous or open suprapubic tube place-
ment as the preferred initial management for most pelvic fracture 
urethral injury cases. 

In this case report, we describe a young male patient with com-
plete posterior urethral disruption combined with severe pelvic 
bone fracture and treated with SPC alone. In the emergency set-
ting, PR could not be performed due to the large defect and dam-
age to the structure of the urethra. Therefore, a delayed urethro-
plasty was not performed. This is a rare case in which SPC alone 
was definitive management for a complete posterior urethral in-
jury pelvic bone fracture. 
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PUBLICATION AND RESEARCH ETHICS

JTI adheres to the ethical guidelines for research and publication 
described in the Guidelines on Good Publication (https://publica-
tionethics.org/guidance/Guidelines) by the Committee on Publi-
cation Ethics (COPE) and the Good Publication Practice Guide-
line for Medical Journals (https://www.kamje.or.kr/board/
view?b_name = bo_publication&bo_id = 13) by the Korean As-
sociation of Medical Journal Editors (KAMJE).

Authorship
All authors must have made a significant intellectual contribu-
tion to the manuscript according to the criteria formulated by the 
ICMJE. Each author should have participated sufficiently in the 
work to take public responsibility for the content. Authorship 
credit should be based on the four ICMJE criteria: (1) substantial 
contributions to conception, design, or the acquisition, analysis, 
or interpretation of data; (2) drafting the article or revising it crit-
ically for important intellectual content; (3) final approval of the 
version to be published; and (4) agreement to be accountable for 
all aspects of the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are appropriately in-
vestigated and resolved. All authors should meet all four criteria. 
General supervision of the research group is not sufficient for au-
thorship. All authors must state they have approved the final 
draft before submission.  

•  Contributors: Any researcher who does not meet all four IC-
MJE criteria for authorship discussed above but contributes 
substantively to the study in terms of idea development, man-
uscript writing, conducting research, data analysis, and finan-
cial support should have their contributions listed in the Ac-
knowledgments section of the article.

•  Correction of authorship: Any changes to the author list after 
submission, such as adding or deleting author(s) or changing 
the order of the authors, require the approval of the editor 
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and are only permitted prior to the manuscript acceptance. 
Changes must be explained in a letter to the editor from the 
authors involved. The letter must include the following from 
the corresponding author: (1) an explanation for the change 
in authorship and (2) a written confirmation (email or letter) 
from all authors that they agree with the change in author-
ship. This letter must be signed by all authors of the paper, in-
cluding those who are being added or removed.

•  Role of corresponding author: The corresponding author takes 
primary responsibility for communication with the journal 
during the manuscript submission, peer review, and publica-
tion process, and typically ensures that all the journal’s ad-
ministrative requirements, such as providing details of au-
thorship, ethics committee approval, clinical trial registration 
documentation, and gathering conflict of interest forms and 
statements, are properly completed. The corresponding au-
thor should be available throughout the submission and peer 
review process to respond to editorial queries in a timely 
manner, and after publication, should be available to respond 
to critiques of the work and cooperate with any requests from 
the journal for data or additional information or questions 
about the article.

•  Recommendations for working with people with personal 
connections: Authors who intend to include minors (under 
the age of 19) or their family members (such as spouse, chil-
dren, and relatives) in their research, including when publish-
ing or presenting papers jointly with them, should clearly in-
dicate this in the cover letter. For further information, please 
refer to the Guidelines for Preventing Illegitimate Authorship 
by the National Research Foundation of Korea (https://www.
cre.re.kr/).

Statement of Human and Animal Rights
Clinical research should be conducted in accordance with the 
World Medical Association (WMA) Declaration of Helsinki: 
Medical Research Involving Human Subjects (https://www.wma.
net/what-we-do/medical-ethics/declaration-of-helsinki/). Clini-
cal studies that do not meet the Declaration of Helsinki will not 
be considered for publication. All clinical studies involving hu-
man participants should include a certificate, agreement, or ap-
proval from the Institutional Review Board (IRB). For human 
subjects, identifiable information such as names, initials, hospital 
numbers, dates of birth, or other protected healthcare informa-
tion should not be disclosed. For clinical studies with animal sub-
jects, there should be a certificate, agreement, or approval from 
the Institutional Animal Care and Use Committee (IACUC). Re-

search with animal subjects should adhere to the guidelines out-
lined in the National or Institutional Guide for the Care and Use 
of Laboratory Animals and must be performed with ethical con-
sideration for all experimental animals. Original articles submit-
ted to JTI that address any investigation involving humans and/
or animals should include a description about whether the study 
was conducted with the approval by the IRB and/or IACUC of 
the institution at which the study was conducted. JTI may also 
request a documentation of approval by the IRB or IACUC for 
other types of articles when necessary. JTI assumes no responsi-
bility as the authors are solely responsible for the content of each 
article.

Statement of Informed Consent
Informed consent should be obtained from patients who partici-
pated in clinical investigations unless the requirement is waived 
by the IRB. Images of human subjects should only be used if the 
information is essential for scientific purposes and explicit per-
mission has been obtained as part of the consent. Even with con-
sent, identifying details should be omitted if they are not neces-
sary. Authors must ensure that any alterations made to maintain 
the anonymity of individuals in photographs do not compromise 
the scientific accuracy of the image. If consent has not been ob-
tained, it is generally not sufficient to anonymize a photograph 
simply by using eye bars or blurring the face of the individual 
concerned.

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 the 
Korea Clinical Research Information Service (CRiS; https://cris.
nih.go.kr/), a primary national registry site accredited by the 
World Health Organization (https://www.who.int/clinical-tri-
als-registry-platform/network/), or ClinicalTrials.gov (http://clin-
icaltrials.gov/), a service of the US National 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 
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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 (https://www.icmje.org/disclosure-of-interest/). 
Conflicts of interest may also arise during the research process; 
however, the important point is the disclosure itself. To ensure 
the credibility of the journal and the authors, it is essential that all 
conflicts of interest are disclosed. If there are any conflicts of in-
terest, authors should inform the editor and disclose them in the 
manuscript. In particular, all sources of funding applicable to the 
study should be explicitly stated. Disclosing conflicts of interest 
allows editors, reviewers, and readers to approach the manuscript 
with an understanding of the situation under which the research 
work was performed. 

Originality and Duplicate Publication
JTI does not accept manuscripts that are currently under review 
or have been published in other journals. Once the manuscript is 
accepted for publication, the authors are not permitted to dupli-
cate any part of the content in another scientific journal without 
permission from the Editorial Board. However, authors may free-
ly use the figures and tables, provided that the original source is 
acknowledged according to the Creative Commons Attribution 
Non-Commercial License. Authors are responsible for resolving 
any copyright issues that may arise when citing figures or tables 
from another journal that is not open access.  

Secondary Publication
Manuscripts may be republished if they satisfy the conditions for 
secondary publication outlined in the ICMJE Recommendations 
(https://www.icmje.org/recommendations/).

Management of Research and Publication Misconduct
In case 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 conflict of interest, ethical problems with a submitted 
manuscript, a reviewer who has appropriated an author’s idea or 
data, complaints against editors, and so on, the resolution process 
will follow the flowchart provided by COPE (https://publicatio-
nethics.org/guidance/Flowcharts/). Discussions and decisions on 
suspected cases are conducted by the Editorial Board in accor-
dance with the Regulations of the Research Ethics Council.

Editorial Responsibilities
The Editorial Board is committed to maintain high standards of 
publication ethics and will continuously work towards this goal by 
providing guidelines for retracting articles; preserving the integri-
ty of academic record; prioritizing intellectual and ethical stan-
dards over commercial interests; publishing corrections, clarifica-
tions, retractions, and apologies when necessary; and preventing 
plagiarism and fraudulent data. The responsibilities of editors in-
clude the authority to accept or reject articles; ensuring that there 
are no conflicts of interest with regards to the articles they accept 
or reject; promoting the publication of corrections or retractions 
when errors are discovered; and preserving the anonymity of re-
viewers.

EDITORIAL POLICY

Copyright
As the official journal of the Korean Society of Traumatology, all 
published materials in JTI are owned by the Korean Society of 
Traumatology. All authors must sign the copyright transfer 
agreement form upon submission. The papers will not be pub-
lished until the copyright transfer is complete. Copyright infor-
mation is indicated on all published papers (HTML and PDF) 
and on the JTI website. 

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 use, distribution, and reproduction in any medium, 
provided the original work is properly cited. Thus, author(s) who 
wish to reproduce tables or figures published in JTI for scholarly 
and educational purposes do not need to obtain permission. 
However, proper acknowledgment must be given for the reuse of 
any borrowed material, by including a footnote on the repro-
duced table or in the figure legend (e.g., “Reprinted from J Trau-
ma Inj Year;Vol:Page, available under the Creative Commons Li-
cense.”) and in the reference list.

Author(s) who wish to reproduce tables ore figures published 
in JTI for commercial uses must obtain permission from JTI. 
Commercial use refers to any type of reuse that is intended for 
commercial gain by the user, their employing institution, or any 
other third party. Examples of commercial use include, but are 
not limited to: (1) reuse by a non-author/third party/other pub-
lisher of parts of or all of an article or articles in another publica-
tion (journal or book) to be sold for commercial purposes; (2) 
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supplying multiple print or electronic copies of items from the 
journal to third parties on a systematic basis for marketing pur-
poses; and (3) reuse by an author of parts of or all of an article in 
other publications from commercial organizations.

Licensing information is indicated on all published papers 
(HTML and PDF) and on the JTI website. All articles are avail-
able on the journal’s website to all users immediately upon publi-
cation and at no cost to readers or authors as JTI is a platinum 
open access journal.

Article Sharing (Author Self-Archiving) Policy
JTI is an open access journal, which means that authors who 
publish with us are able to freely share their research in various 
ways, including preprint servers, social media platforms, confer-
ences, and educational materials, in accordance with our open 
access policy. However, it should be noted that submitting the 
same manuscript to multiple journals is strictly prohibited.

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 DOI within the text of the 
manuscript. JTI adheres to the data sharing statement policy in 
ICMJE Recommendations for Clinical Trials (https://www.icmje.
org/recommendations/browse/publishing-and-editorial-issues/
clinical-trial-registration.html). Authors may also refer to the edi-
torial, “Data Sharing Statements for Clinical Trials: A Require-
ment of the International Committee of Medical Journal Editors,” 
in the Journal of Korean Medical Science vol. 32, no. 7:1051-1053 
(https://doi.org/10.3346/jkms.2017.32.7.1051).

Archiving Policy
JTI ensures the long-term availability of its contents, even if the 
journal is no longer in publication, through archiving in the Na-
tional Library of Korea (https://www.nl.go.kr/). Authors can also 
archive the publisher’s version (in PDF format) available from 
our website (https://jtraumainj.org/).

Preprint Policy
JTI allows authors to submit preprints to the journal. A pre-
print refers to a version of a scholarly paper that precedes for-
mal peer review and publication in a peer-reviewed scholarly 
journal. Submitting a preprint to JTI will not be considered as 
duplicate submission or publication. JTI advises authors to 

mention the existence of the preprint, along with its DOI, in the 
cover letter during the submission process. Failure to do so may 
result in a plagiarism check program (Similarity Check) flag-
ging the submission for excessive duplication. The preprint will 
go through the same peer review process as any other submis-
sion. If accepted for publication, the authors are encouraged to 
update the preprint with a link to the published article in JTI, 
including the DOI. It is highly recommended that authors cite 
the published article in JTI instead of the preprint in their fu-
ture submissions to other journals. 

Peer Review Policy
All papers, including those invited by the editor, are subject to a 
rigorous peer review process. JTI adopts a double-blind peer re-
view policy, in which the identities of both the authors and re-
viewers are kept anonymous to each other throughout the review 
process. However, the editor managing the review process will 
have visibility of the authors and reviewers’ identities. The Edito-
rial Board selects reviewers based on expertise, publication histo-
ry, and past reviews. During the peer review process, reviewers 
can interact directly or exchange information (e.g., via submis-
sion systems or email) with only an editor, which is known as 
“independent review.” An initial decision is typically within 2 
months of receiving a manuscript. All articles in JTI include the 
dates of submission, revision, acceptance, and publication on 
their article page, but information on the review process and edi-
torial decision is not published on the article page.

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
•  Format of manuscript: Manuscripts should be submitted in 

the file format of Microsoft Word 2010 or higher. Manu-
scripts should be typed on an A4-sized document, be dou-
ble-spaced, and use a font size of 10–12 point with margins of 
2 cm on each side and 3 cm for the upper 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-

iv www.jtraumainj.org

https://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/clinical-trial-registration.html
https://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/clinical-trial-registration.html
https://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/clinical-trial-registration.html
https://doi.org/10.3346/jkms.2017.32.7.1051
https://www.nl.go.kr/
https://jtraumainj.org/
https://www.jtraumainj.org/authors/authors.php/
https://www.jtraumainj.org/authors/authors.php/
https://www.jtraumainj.org/authors/authors.php


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 
(https://www.nist.gov/pml/owm/metric-si/si-units/) is en-
couraged.

•  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 (https://
www.equator-network.org/) and the US National Institutes 
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 title should 
be written in sentence case, meaning the first letter of the first 
word and any proper nouns are capitalized, as in a typical 
sentence. Generic drug names should be used in the title, not 
brand names. The title should also indicate the study design. 
If the study involved human participants, the country where 
the study was conducted should be included.

•  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 ORCIDs of all authors be 
provided. To have an ORCID, authors should register on the 
ORCID website (https://orcid.org). Registration is free to ev-
ery researcher in the world.

•  Corresponding author: The corresponding author’s name, 
address, postal code, telephone number, and email 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 
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 (fundref.registry@crossref.org). 
A detailed description of the FundRef policy can be found at 
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the Crossref website (https://www.crossref.org/services/funder- 
registry/).

-  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 (https://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.

•  The description of the References section is provided below. 
The References follow the NLM Style Guide for Authors, Edi-
tors, and Publishers (https://www.ncbi.nlm.nih.gov/books/
NBK7256/) if not specified below.
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• 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. McGraw Hill; 
2013.

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

4.  World Health Organization (WHO). World health statistics 2021: a 
visual summary [Internet]. WHO; 2021 [cited 2021 Feb 1]. Avail-
able from: https://www.who.int/data/stories/world-health-statis-
tics-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/10.1101/2020.12.13.2024 
8123

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.  

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.
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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 mem-
bers 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 commis-
sioned ones.

Submission by Editors
Final decisions regarding manuscript publication are made by 
the editor-in-chief or a designated editor who does not have any 
relevant conflicts of interest. In the event that an editor has a con-
flict of interest with a submitted manuscript or with the authors, 
the manuscript will be handled by one of the other editors who 
does not have a conflict with the review and who is not at the 
same institution as the submitting editor. In such circumstances, 
full masking of the process will be ensured so that the anonymity 
of the peer reviewers is maintained.

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.

Galley 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 
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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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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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