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

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

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

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

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

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

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

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

and frequencies of injuries identified. 

METHODS 

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

RESULTS 

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

Table 1. General characteristics

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

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

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

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

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

DISCUSSION 

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

Table 2. Injury classification

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

Table 3. Missed injury characteristics (n=119)

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

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

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

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

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

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

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

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

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

TTS. Further investigation is needed to verify the effectiveness of 
the protocolized TTS and chart through multi-institutional joint 
research to investigate the diagnostic method, type of missed in-
jury, and treatment method. 
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