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Introduction

Severe pelvic bone fracture is associated with a high 
mortality rate. Although various treatment methods, including 
preperitoneal pelvic packing (PPP), angioembolization, 
temporary pelvic fixation, and resuscitative endovascular 
balloon occlusion of the aorta (REBOA), have been studied 
for the management of these fractures; the optimal treatment 
method is still unclear [1]. In addition to these treatment 
methods, systematic approaches to facilitate rapid response 
and multidisciplinary treatment are also important in the 

management of pelvic bone injury. Therefore, the government 
of the Republic of Korea founded a national trauma system and 
built regional trauma centers, which have reduced preventable 
death rates among trauma patients [2]. Since then, many 
domestic studies on severe pelvic bone fractures have been 
conducted, but most were single-center studies because each 
trauma center would assess its own protocol [3-7].

Trauma centers in the Republic of Korea are expected to 
report their data to the Korean Trauma Data Bank (KTDB), 
similar to the National Trauma Data Bank in the US. However, 
the KTBD is not an open source, nor is it utilized or shared 
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liberally. In addition, specific data related to pelvic injury 
treatment such as the use of angioembolization and PPP, has not 
been included in the KTDB, making it difficult to study cases of 
severe pelvic bone fracture. However, multi-institutional studies 
are essential due to the low incidence and high mortality of 
these fractures. In addition, treatment guidelines or protocols 
should be based on multi-center databases.

Thus, the objectives of this study were to investigate the 
clinical outcomes of pelvic bone fracture based on trauma center 
data to identify feasible treatment methods, and review KTDB 
data to create a pelvic bone fracture-specific database.

Materials and Methods

Data from medical records of three regional trauma centers 
was collated in this retrospective study which was approved 
by the institutional review board at each hospital (no.: AJIRB-
MED-MDB-22-167 / DKUH 2022-06-041 / CR-322088). The 
participating centers were tertiary university hospitals that 
had been designated as regional trauma centers before 2016. 
Inclusion and exclusion criteria were based on the KTDB. Cases 
of severe pelvic bone fracture [abbreviated injury scale (AIS)  4 
with either initial systolic blood pressure ≤ 90 mmHg or massive 
transfusion of ≥ 10 units of packed red blood cells within 24 
hours] from January 2016 to December 2020 were included in 
the study. Exclusion criteria were age under 18 years and open 
fracture (AIS codes 856162.4 and 856174.5).

The KTDB includes prehospital and hospital clinical 
data but does not contain information regarding treatment 
methods. Thus, treatment method and laboratory data were 
collected separately. The treatment method included PPP, 
angioembolization, REBOA, laparotomy, pelvic binder, or 
external fixation. However, the data for pelvic binder and 
external fixation contained many missing values and a small 
number of cases, therefore, analyses of these methods could 

not be performed. Angioembolization included selective and 
nonselective embolization, and was performed at the discretion 
of the interventionists. Annual changes in patient number, 
clinical outcomes, and treatment methods were reviewed. A 
linear-by-linear association test was used to assess changes in 
treatment methods. Patient data was dichotomized into survivor 
and deceased patient groups, and the demographic and clinical 
data of the two groups were compared. 

After assessing the data for normality using the Kolmogorov–
Smirnov test, continuous variables were compared between 
the groups using the Mann–Whitney U test, and the data were 
presented as median values (interquartile range). Categorical 
variables were compared between the groups using the chi-
square test or Fisher’s exact test. Binary logistic regression was 
applied to identify factors associated with survival and included 
treatment methods. All analyses were performed using SPSS 
Version 23.0 (IBM Corp., Armonk, NY, USA).

Results

1. Annual changes in pelvic bone fracture
In this retrospective study of clinical outcomes, and treatment 

methods of unstable pelvic bone fractures from 2016-2020, 
a total of 237 patients were included, of which 136 (57.4%) 
patients survived. Although the number of patients admitted to 
each trauma center was similar across years, it almost doubled 
in 2020. Mortality was lower in the later period (2019-2020) 
than the early period (2016-2018; 33.6% vs. 50.0%, p = 0.011; 
Figure 1). The median injury severity score increased year on 
year (Table 1). Mortality was the highest in 2018, while the 
duration of hospitalization was the shortest in this year. (Figure 
2). A gradually increasing number of patients were directly 
admitted to the trauma centers, thereby resulting in a reduction 
in prehospital time (Figure 3).
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2016 2017 2018 2019 2020

Age (y) 53 (45-71) 59 (47-73) 59 (45-73) 59 (51-66) 58 (35-70)

Sex, male (%) 52.90 69.80 69.80 58.30 67.80%

ISS 32 (29-43) 36 (29-43) 38 (27-43) 40 (29-44) 43 (38-51)

TRISS* 0.88
(0.37-0.93)

0.62
(0.46-0.85)

0.83
(0.60-0.91)

0.68
(0.55-0.82)

0.7
(0.39-0.87)

Abbreviated Injury Scale

  Head ≥ 3 (%) 23.50 24.50 18.60 25.00 30.50%

  Thorax ≥ 3 (%) 47.10 50.90 58.10 77.10 71.20%

  Abdomen ≥ 3 (%) 52.90 45.30 51.20 62.50 42.40%

* Forty-eight cases with missing values were excluded (5, 14, 12, 5, and 12 cases, respectively, for 2016–2020).
ISS = injury severity score; TRISS = trauma injury severity score (probability of survival).

Table 1. Patients’ demography and injury severity between 2016 and 2020.
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Figure 1. Annual number of patients and mortality.

Figure 2. Annual length of treatment.
ICU = intensive care unit; LOS = length of stay.

Figure 3. Annual admission route.
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2. Treatment methods
Among the patients receiving different treatments, the PPP-

only group showed significantly higher overall mortality and 
24-hour mortality compared with the angiography-only, and 
combined angioembolization and PPP groups (Figure 4). 
The utilization of angioembolization showed an increasing 
trend over the study period (p < 0.001), but PPP utilization 
did not significantly change (p = 0.535) over the study period. 
The utilization of combined angioembolization and PPP also 
increased over the study period (p < 0.001). REBOA was the 
most frequently utilized method in 2018, but mortality was also 
the highest in the same year (Figure 5).

3. Factors associated with survival
Surviving patients showed significantly better initial vital 

signs and laboratory data and required less packed red blood 
cell transfusion. The usage rate of PPP was significantly higher 
in the deceased group (46.5% vs. 33.1%, p = 0.036), and 
angioembolization was higher in the survivor group, albeit 
without statistical significance (51.5% vs. 39.0%, p = 0.058). 
REBOA utilization was higher in the deceased group (34.7% vs. 
11.0%, p < 0.001; Table 2). In the multivariate analysis, higher 
age, lactate level, international normalized ratio, amount of 
packed red blood cell transfusion within 24 hours and lower the 
lowest systolic blood pressure were associated with mortality. 
However, the treatment method was not associated with 
mortality (Table 3).

Figure 4. Treatment methods and mortality.
PPP = preperitoneal packing.

Figure 5. Annual changes in treatment methods.
PPP = preperitoneal pelvic packing; REBOA = resuscitative endovascular balloon occlusion of the aorta.



107

Table 2. Patient and injury characteristics.

Total Survivor (n = 136) Deceased (n = 101) p

Age (y) 58 (44-72) 57 (44-66) 61 (45-75) 0.061

Sex, male (%) 153 (64.6) 93 (68.4) 60 (59.4) 0.153

Admission route

  Direct (%) 122 (51.5) 66 (48.5) 56 (55.4) 0.292

  Transfer (%) 115 (48.5) 70 (51.5) 45 (44.6)

Prehospital time (min) 89 (43-177) 104 (50-182) 78 (38-173) 0.104

Duration in ER (min) 68 (50-107) 64 (49-102) 73 (58-117) 0.032

ISS 38 (29-45) 38 (29-43) 41 (34-50) 0.005

Vital signs

  Initial sBP (mmHg) 80 (64-110) 84 (70-117) 76 (58-99) 0.003

  Initial heart rate (/min) 106 (87-121) 104 (85-120) 109 (89-123) 0.396

  GCS 14 (8-15), n = 196 15 (12-15), n = 121 9 (4-14), n = 75 < 0.001

  Lowest sBP (mmHg) 61 (49-73) 66 (54-76) 54 (43-63) < 0.001

Laboratory data

  Lactate (mmol/L) 6.24 (3.93-9.25) 4.93 (3.30-7.11) 8.85 (6.07-11.07) < 0.001

  Hemoglobin (g/dl) 10.5 (8.5-12.6) 10.9 (9.2-12.7) 9.7 (7.5-12.0) 0.005

  INR 1.35 (1.17-1.70) 1.29 (1.152-1.49) 1.47 (1.22-2.08) < 0.001

  Creatinine (mg/L) 1.1 (0.9-1.4) 1.06 (0.88-1.32) 1.15 (0.93-1.46) 0.054

Transfusion in 24 h

  pRBC (U) 13 (8-22) 11 (7-15) 20 (12-34) < 0.001

Treatment

  PPP (%) 92 (38.8) 45 (33.1) 47 (46.5) 0.036

  Angioembolization (%) 109 (46.0) 70 (51.5) 39 (39.0) 0.058

  Laparotomy (%) 55 (23.2), n = 176 29 (28.7), n = 101 26 (34.7), n = 75 0.399

  REBOA (%) 50 (21.1) 15 (11.0) 35 (34.7) < 0.001

Time from admission to treatment (min)

  PPP 61 (37-119) 55 (30-108) 64 (40-126) 0.343

  Angioembolization 142 (110-210) 156 (112-236) 129 (109-192)                  0.37

ER = emergency room; sBP = systolic blood pressure; GCS = Glasgow Coma Scale; ISS = injury severity score = INR = international normalized ratio; pRBC = packed 
red blood cells; PPP = pre-peritoneal packing; REBOA = resuscitative endovascular balloon occlusion of aorta.

Table 3. Univariate and multivariate analysis for survival.

Variable
Univariate analysis

p
Multivariate analysis

p
OR [95% CI] OR [95% CI]

Age 0.990 [0.975–1.004] 0.157 0.955 [0.932–0.978] < 0.001

Sex 0.677 [0.395–1.158] 0.154 0.559 [0.258–1.214] 0.142

Initial sBP 1.013 [1.004–1.021] 0.004 1.011 [0.998–1.024]                    0.09

Lowest sBP 1.046 [1.028–1.065] < 0.001 1.030 [1.004–1.056] 0.024

ISS 0.967 [0.945–0.990] 0.005 0.976 [0.944–1.009] 0.156

Lactate 0.765 [0.701–0.836] < 0.001 0.810 [0.719–0.913] < 0.001

INR 0.211 [0.106–0.419] < 0.001 0.400 [0.177–0.903] 0.027

pRBC in 24 h 0.912 [0.884–0.942] < 0.001 0.904 [0.867–0.943] < 0.001

PPP 0.568 [0.335–0.965] 0.036 1.816 [0.811–4.067] 0.147

Angioembolization 1.659 [0.982–2.801] 0.058 1.661 [0.792–3.485] 0.179

OR = odds ratio; CI = confidence interval; sBP = systolic blood pressure; ISS = injury severity score; INR = international normalized ratio; pRBC = packed red blood 
cells; PPP = preperitoneal packing.

B. Kang et al / Unstable Pelvic Bone Fractures in Korean Trauma Centers
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Discussion

An increasing trend of centralization to trauma centers, with 
an elevated number of patients being directly admitted to the 
trauma centers in 2020 was observed in this study. This trend 
also resulted in a gradual reduction in the annual prehospital 
time. The government in the Republic of Korea developed a 
trauma care system to decrease the death rates attributable 
to preventable trauma. There were eight regional trauma 
centers officially opened in December 2015. Moreover, the 119 
national emergency system included a new transport guideline 
mandating the transportation of patients with severe trauma 
to be taken to regional trauma centers instead of the nearby 
hospital. Jung et al [2] reported that trauma centers had lower 
preventable trauma death rates than non-trauma centers, and 
that transfer was a risk factor for preventable trauma-related 
death. The importance of directly transferring severe trauma 
patients to a trauma center within the appropriate time was 
highlighted [2]. In the current study, shortening the prehospital 
time was observed to improve clinical outcome. Although the 
number of patients with unstable pelvic bone fractures did 
not increase between 2016 and 2019, the proportion of direct 
admissions to trauma centers showed a continued increase.

The development of trauma centers has resulted in the 
improvement in mortality rates associated with severe pelvic 
bone injury in the Republic of Korea [3]. Jang et al [8] reported 
that the improvement was attributable to an increased use of 
emergency procedures such as PPP and angiography. However, 
unlike angiography, the use of PPP did not increase over the 
years despite an improvement in mortality rates in the recent 
period. As a result, angiography seemed to be associated 
with survival, while PPP was associated with death in the 
univariate analysis. In the multivariate analysis, PPP also 
showed a favorable tendency for survival (odds ratio: 1.816;  
p = 0.147), similar to angiography (odds ratio: 1.661; p = 0.179). 
However, neither treatment showed statistical significance. 
PPP is a key procedure in the treatment of unstable pelvic bone 
injury [1]. Unlike other procedures, PPP can be immediately 
performed at the bedside, making it an effective damage control 
technique for sole bleeding control or in conjunction with 
either angioembolization or external fixation [9]. In a quasi-
randomized trial, PPP was reported to have a much shorter time 
to intervention compared with angioembolization, and had 
similar mortality [10]. In addition, the main source of bleeding 
in cases with hemodynamically unstable pelvic ring disruptions 
was venous bleeding [1]. Therefore, PPP could be utilized for 
the initial treatment of hemodynamically unstable pelvic bone 
injury. Additional treatments such as angiography or laparotomy, 
could be applied if continuous bleeding is suspected. Moreover, 
many studies have evaluated the effectiveness of PPP, and it 
has been recommended for the initial management of unstable 

pelvic fractures [11-13]. In this study, PPP was associated with 
death in univariate analysis. However, PPP appears to have 
been used for hemodynamically unstable patients who required 
immediate additional treatment. We do not believe that PPP is a 
harmful procedure for pelvic injury management.

Angioembolization is another important treatment method. 
Salcedo et al [14] demonstrated that pelvic angioembolization 
is the most effective intervention for the management of 
hemorrhage in both hemodynamically stable, and unstable 
patients. Li et al [10] reported a randomized trial comparing 
PPP and angioembolization, and observed similar outcomes. 
However, angiography plays a limited role since it can only 
treat arterial bleeding, and it requires time for preparation. In 
the current study, the time to angiography was approximately 
two hours after admission, which may be too late for bleeding 
control. In addition, although treatment with only angiography 
yielded more favorable outcomes compared with only PPP, these 
patients appeared to present with relatively stable vital signs after 
resuscitation. Since the time from admission to angiography 
was approximately double that for PPP, these patients may have 
undergone maintenance of vital signs during the preparation 
of angioembolization. In addition, treatment methods were not 
associated with survival in multivariate analysis. 

Nevertheless, the 24-hour mortality in the combined 
PPP and angioembolization group was significantly lower 
compared with the PPP-only group although severity was not 
adjusted. Therefore, angioembolization could be considered 
after PPP. Similarly, PPP could be utilized in conjunction 
with angioembolization or temporary external fixation, and 
be performed as a bedside procedure. A combination of PPP 
and angiography has been recommended for the treatment 
of hemodynamically unstable pelvic bone fractures in recent 
guidelines [1,15].

REBOA is an increasingly prominent treatment method for 
severe pelvic bone injury. In a review in 2016, soon after the 
implementation of trauma centers, the clinical outcomes of 
REBOA were not favorable because the technique was applied in 
desperate cases [16]. However, recently, the effectiveness of this 
technique, in combination with detailed indications and a better 
resuscitation strategy, has been reported [17,18]. In addition, the 
technique has been reported to prevent cardiac arrest and could 
be utilized for bridging procedures in cases requiring definite 
hemostatic treatment [19]. REBOA was only recently adopted in 
the Republic of Korea, and experience in technique is therefore 
limited [20,21]. In our study, REBOA was the most frequently 
used technique in 2018, but mortality was the highest in that 
year; it was not used as frequently in 2019-2020 compared 
with 2018. However, this finding does not preclude the use of 
REBOA, it can be a powerful resuscitation tool. Evidence of its 
effectiveness needs to be studied in more detail.

Age, lactate level, international normalized ratio, amount of 
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packed red blood cell transfusion within 24 hours, and lowest 
systolic blood pressure were associated with mortality in this 
study. Except for age, the other factors might be modifiable 
and are related to massive bleeding, and coagulopathy [22]. 
This indicates the need for a strategy for early correction of 
coagulopathy and definite control of hemorrhage. The strategy 
requires a multidisciplinary approach since no single treatment 
method has been reported to yield superior findings [1].

This study had several limitations. Firstly, although this was 
a multi-institutional study involving three hospitals, other 
trauma centers exist in the Republic of Korea, and patients’ 
centralization to these trauma centers might be different. 
However, the three trauma centers in this study were designated 
in the early period of setting up trauma centers and these 
centers reported on pelvic fracture [3,4,7,8,20]. Secondly, data 
for pelvic fixation procedures, such as pelvic binders or external 
fixation data, were not included. The KTDB does not have such 
data, and there is no treatment code for pelvic binders. Thus, 
the use of pelvic binders could be inferred only from nurses’ 
or doctors’ records, and there were many missing values as a 
result. Therefore, a detailed analysis could not be performed, 
and a pelvic bone-specific database set that included these data 
should be developed for further studies. Thirdly, many poly-
trauma patients who may have also had severe injuries other 
than pelvic injuries were included. Fourthly, the number of 
patients increased in 2020 during the height of the coronavirus 
disease-19 pandemic when more patients attended trauma 
centers [23].

In conclusion, a gradually increasing number of patients with 
hemodynamically unstable pelvic bone fractures were directly 
admitted to the trauma center, and the mortality rate associated 
with these fractures also improved. Among the treatment 
modalities for these patients, angioembolization, and PPP 
showed a continuous increase in use. Although the treatment 
method was not associated with survival in multivariate analysis, 
angiography might be considered if PPP was performed. Since 
coagulopathy-related factors were associated with survival, a 
treatment strategy for early bleeding control is essential. 
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