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ABSTRACT

Background This study aimed to compare treatment
outcomes between patients with severe pelvic fractures
treated at a representative trauma center that was
established in Korea since 2015 and matched cases
treated in the USA.

Methods Two cohorts were selected from a single
institution trauma database in South Korea (Ajou
Trauma Data Bank (ATDB)) and the National Trauma
Data Bank (NTDB) in the USA. Adult blunt trauma
patients with a pelvic Abbreviated Injury Scale >3 were
included. Patients were matched based on covariates
that affect mortality rate using a 1:1 propensity score
matching (PSM) approach. We compared differences in
outcomes between the two groups, performed survival
analysis for the cohort after PSM and identified factors
associated with mortality. Lastly, we analyzed factors
related to outcomes in the ATDB dataset comparing a
period prior to the implementation of the trauma center
according to US standards, an interim period and a
postimplementation period.

Results After PSM, a total of 320 patients (160 in
each cohort) were identified for comparison. Inhospital
mortality was significantly higher in the ATDB cohort
using x? test, but it was not statistically significant when
using Kaplan-Meier survival curves and Cox regression
analysis. Moreover, the mortality rate was similar
comparing the NTDB cohort to ATDB data reflecting the
post-trauma center establishment period. Older age,
lower systolic blood pressure (SBP) and Glasgow Coma
Scale (GCS) at admission were factors associated with
mortality.

Discussion Mortality rate after severe pelvic fractures
was significantly associated with older age, lower SBP
and GCS scores at admission. Efforts to establish a
trauma center in South Korea led to improvement in
outcomes, which are comparable to those in US centers.
Level of evidence Level IV.

BACKGROUND

Pelvic trauma occurs in only 3% of all skeletal inju-
ries.'* However, mortality rates after severe pelvic
fractures are high due to rapid exsanguination,
difficult hemostasis, and presence of associated
injuries.'™!3 Therefore, a multidisciplinary approach
is critical to treat such injuries; in particular, resus-
citation, bleeding control, and the management of
bone and associated injuries should occur simul-
taneously and as early as possible after the injury.
Severe pelvic fractures should always be subjected
to an integrated multidisciplinary management
strategy led by trauma surgeons, but also including

orthopedic surgeons, interventional radiologists,
anesthesiologists, critical care physicians, and urol-
ogists.>1" However, in developing countries where
trauma systems are not well established, a multidis-
ciplinary approach is difficult to implement, and
patient outcomes after severe pelvic fractures are
likely inferior when compared with countries with
established trauma systems.

South Korea is a developing country with a
reported preventable trauma death rate approaching
30%.'¢ " The South Korean government announced
in 2012 the establishment of a trauma system by
designating 17 regional trauma centers across the
country. Currently, there have been no reports
on outcomes after the creation of the nationwide
trauma system.'® ' Moreover, no specific guide-
lines for the management of complex injuries such
as severe pelvic fractures exist. Ajou University
Medical Center (AUMC) created the Division of
Trauma Surgery in 2010, which includes a dedi-
cated group of trauma surgeons providing care to
trauma patients following the American College
of Surgeons’” Committee on Trauma (ACSCOT)
guidelines. The Division of Trauma Surgery was
created prior to the government’s plan to estab-
lish a nationwide trauma system.?* The institution
has been receiving increased human resources and
equipment as well as financial support from the
South Korean government since 2013, and it has
been able to fully manage all trauma patients trans-
ported to the facility since 2015. Therefore, AUMC
is well known as one of the leading hospitals in the
treatment of patients with severe pelvic fractures in
South Korea. However, thus far, the trauma center’s
performance and its outcomes have not undergone
an in-depth assessment.

In this study, we analyzed the outcomes of two
cohorts of patients with severe pelvic fractures
comparing the Ajou Trauma Data Bank (ATDB) to
the ACSCOT National Trauma Data Bank (NTDB).
Survival analysis was performed to analyze risk
factors associated with outcomes. Additionally,
we analyzed the effect of the implementation and
establishment of the trauma center at AUMC on
outcomes.

METHODS

Data

We designed two cohorts to analyze the outcomes
of patients with severe pelvic trauma: patients
included in the ATDB between 2010 and 2016 and
those included in the NTDB between 2010 and
2014.
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Figure 1

Flow chart of the study design. AIS, Abbreviated Injury Scale; ATDB, Ajou Trauma Data Bank; DOA, death on arrival; ISS, Injury Severity

Score; GCS, Glasgow Coma Scale; NTDB, National Trauma Data Bank; SBP, systolic blood pressure.

AUMC is a leading teaching hospital that has been running
a trauma center that is equivalent to a level I trauma center in
the USA since 20153 it covers a population of approximately 7
million residents in the southern area of the Gyeonggi province
in South Korea. Annually, more than 2000 trauma patients and
500 major trauma patients with an Injury Severity Score (ISS)
>15 are hospitalized at the hospital.

We evaluated 14 000 and 110 000 patients from the ATDB and
NTDB, respectively, for inclusion in the study. After excluding
cases deemed ‘dead on arrival’, we included patients aged =18
years, with a blunt mechanism of injury, and a pelvic Abbreviated
Injury Scale (AIS) >3. A total of 6438 and 160 patients from the
NTDB and ATDB were included in the final study, respectively,
before matching (figure 1).

Statistical analysis

We matched patients based on covariates that are known to affect
outcomes after severe injury. Those included age, sex, systolic
blood pressure (SBP) at admission, Glasgow Coma Scale (GCS)
at admission, mechanism of injury, transfer status (yes/no), ISS
and pelvic, head, thorax and abdomen AIS. Logistic regression
was used to calculate the propensity scores of these covariates in
patients of the ATDB (n=160) and NTDB (n=6438) cohorts.
We then conducted a 1:1 propensity score matching (PSM) with
the minimum distance method for the ATDB and NTDB cohorts
(n=160 for each, with total of 320 research subject; figure 1).
The standardized differences in the covariates between the two
groups were calculated before and after matching to validate the
PSM procedure.

We compared differences in hospital length of stay (LOS),
intensive care unit (ICU) LOS, days on the ventilator and
in-hospital mortality between the two datasets before and after
matching using the Mann-Whitney U and %? tests. Thirty-day
survival rates were compared using Kaplan-Meier plots. Further-
more, we analyzed survivors and non-survivors after PSM
matching and identified factors associated with mortality.

After adjusting for confounding factors that could affect
in-hospital mortality, a Cox regression model was used to
analyze the effect of the treatment institution comparing both
datasets (ATDB vs. NTDB) on outcomes. First, we conducted a
univariate Cox regression analysis using 11 variables (excluding
mechanism of injury and including the dataset variable). All 11
variables were included in the multivariate Cox regression anal-
ysis because they were all significantly associated with mortality
in the univariate model (p<0.1) except for the dataset variable
(p=0.194).

Lastly, we analyzed factors related to outcomes in the ATDB
cohort comparing three periods of time related to the creation
and establishment of the trauma center (pre-establishment,
interim establishment and post-establishment). All continuous
and categorical variables were compared using the Kruskal-Wallis
or % tests.

All statistical analyses were performed with SPSS, V.23, and
p<0.05 was considered significant.

RESULTS

The median age of patients in the ATDB (n=160; 58.1% men)
and NTDB (n=6438; 64.6% men) cohorts were 48.5 years
(IQR: 35-61) and 46 years (29-46), respectively. Before PSM,
all potential confounding variables were significantly different
between the ATDB and NTDB cohorts except for sex (p=0.093)
and thorax AIS (p=0.665). After PSM, there were no significant
differences between the two groups (table 1). When we calcu-
lated the standardized differences of the covariates, all except for
age and thorax AIS decreased after PSM. Therefore, and because
the values for age (0.0067) and thorax AIS (0.0009) were very
small, we considered the PSM adequate.?!

Patients in the ATDB cohort had a significantly higher
mortality rate than that observed in the NTDB cohort; however,
the difference decreased after matching (before PSM: 36.9% vs.
16.7%, respectively; p<0.001; after PSM: 36.95% vs. 23.1%,
respectively; p=0.007). Before PSM, patients in the ATDB
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Table 1 Comparison of severe pelvic fracture patients between ATDB and NTDB before and after propensity score matching

Comparison with, before matching Comparison with, after matching
Variables ATDB (n=160) NTDB (n=6438) P values NTDB (n=160) P values
Covariates
Age, years 48.5 (35-61) 46 (29-46) 0.044 48 (34-61) 0.889
Sex, male 93 (58.1) 4157 (64.6) 0.093 100 (62.5) 0.424
SBP at admission, mm Hg 100 (72-116) 118 (98-136) <0.001 104 (81.25-124) 0.218
GCS at admission 13 (5-15) 15 (11-15) <0.001 15 (3-15) 0.222
Pelvic AIS 5 (4-5) 4 (4-5) <0.001 4 (4-5) 0.434
Head AIS 0(0-2) 0(0-2) 0.006 0(0-2) 0.398
Thorax AlS 3(0-3) 3(0-3) 0.665 1.5 (0-3) 0.850
Abdomen AIS 0(0-3) 2(0-3) 0.005 0(0-3) 0.670
ISS 34 (26-43) 29 (21-41) 0.001 33.5 (25-45) 0.448
Mechanism of injury <0.001 0.819
Traffic related 89 (55.6) 5081 (78.5) 90 (56.3)
Falls 57 (35.6) 1044 (16.2) 59 (36.9)
Other 14 (8.8) 313 (4.9) 11 (6.9)
Transfer, yes 88 (55) 1991 (30.9) <0.001 93 (58.1) 0.573
Outcomes
Hospital LOS, days 36.5 (3-81) (n=160) 10 (5-19) (n=6341) <0.001 8 (2-18) (n=160) <0.001
ICU LOS, days 13 (6-34) (n=95) 5 (3,12) (n=4592) <0.001 5 (2.5-14.5) (n=105) <0.001
Ventilator, days 14 (5.75-26.5) (n=90) 5 (2-12)(n=3021) <0.001 4(1.9) (n=77) <0.001
Mortality 59 (36.9) 1077 (16.7) <0.001 37(23.1) 0.007

All continuous variables were shown as a median (IQR) and compared by Mann-Whitney U test.

All categorical variables were shown as a number (percentage) and compared by x2.

AIS, Abbreviated Injury Scale; ATDB, Ajou Trauma Data Bank; GCS, Glasgow Coma Scale; ICU, intensive care unit; ISS, Injury Severity Score; LOS, length of stay; NTDB, National

Trauma Data Bank; SBP, systolic blood pressure.

cohort had lower SBP and GCS at admission as well as a higher
overall ISS (table 1). The Kaplan-Meier curve analysis showed
that the 30-day cumulative survival rate was 1.2 times higher in
the NTDB than in the ATDB cohort (76.9% vs. 63.1%, respec-
tively); after matching, however, the difference was not statisti-
cally significant (log rank p=0.188; figure 2).

Comparing survivors with non-survivors, we found signifi-
cant differences in all variables except for mechanism of injury

087

069

ATDBvs NTDB Log-rankp =0.188

044

Cumulative survival rate

Hospital length of stay, days

Figure 2 Kaplan-Meier curves of 30 day in-hospital mortality among
patients with severe pelvic fracture from NTDB and ATDB. ATDB, Ajou
Trauma Data Bank; NTDB, National Trauma Data Bank.

(table 2). In the Cox regression analysis, patients” age, SBP and
GCS at admission were found to affect mortality with statistically
significant adjusted HRs as follows: age: aHR=1.016, p=0.011,
95% CI 1.004 to 1.028; SBP at admission: aHR=0.986,

Table 2 Comparison between survivors and non-survivors after
propensity score matching

Variables Survivors (n=224)  Non-survivors (n=96) P values
Age 47.5 (34-59) 52.5 (36-66.75) 0.029
Sex, male 144 (64.3) 49 (51) 0.026
SBP at admission 110 (91.5-127) 70 (0-97.75) <0.001
GCS at admission 15 (13-15) 3(3-10] <0.001
Pelvic AIS 4 (4-5) 5 (4.25-5) <0.001
Head AIS 0(0-1) 0(0-4) <0.001
Thorax AIS 2 (0-3) 3(0-4) <0.001
Abdomen AIS 0(0-3) 2(0-3) <0.001
1SS 29 (25-38) 43 (32.25-50) <0.001
Mechanism of injury 0.156

Traffic related 119 (53.1) 60 (62.5)

Falls 84 (37.5) 32(33.3)

Other 21(9.4) 4(4.2)
Transfer, yes 143 (63.8) 38 (56.6) <0.001
Dataset, ATDB 101 (45.1) 59 (61.5) 0.007

All continuous variables were shown as a median (IQR) and compared by Mann-
Whitney U test.

All categorical variables were shown as a number (percentage) and compared by
¥ test.

AlS, Abbreviated Injury Scale; ATDB, Ajou Trauma Data Bank; GCS, Glasgow Coma
Scale; ISS, Injury Severity Score; SBP, systolic blood pressure.
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Table 3 Cox regression analysis of risk factors associated with mortality in patients with severe pelvic fractures

Univariate analysis

Multivariate analysis

Variables HR 95% CI P values aHR 95% CI P values
Age 1.012 1.001 to 1.023 0.032* 1.016 1.004 to 1.028 0.011*
Sex, male (reference) 1.000 1.000

Female 1.598 1.068 t0 2.391 0.023* 1.252 0.816 to 1.923 0.304
SBP at admission 0.978 0.974 10 0.983 <0.001* 0.986 0.981 t0 0.992 <0.001*
GCS at admission 0.82 0.785 to 0.856 <0.001* 0.887 0.838 t0 0.938 <0.001*
Pelvic AIS 2.999 1.887 t0 4.767 <0.001* 1.536 0.887 t0 2.66 0.125
Head AIS 1.250 1.127 t0 1.387 <0.001* 1.075 0.936 to 1.235 0.309
Thorax AIS 1.165 1.036 to 1.311 0.011* 0.981 0.825t0 1.167 0.829
Abdomen AIS 1.126 0.997 to 1.270 0.055 1.153 0.986 to 1.348 0.075
ISS 1.042 1.028 to 1.056 <0.001* 1.009 0.98 to 1.039 0.533
Transfer, yes (reference) 1.000 1.000

No 2.241 1.486 to 3.380 <0.001* 1.485 0.93 to 2.47 0.097
Dataset, NTDB (reference) 1.000 1.000

ATDB 1.321 0.868 t0 2.010 0.194 1.562 0.992 to 2.46 0.054

The p value of the time-dependent Cox regression analysis was 0.077, and the -2 log likelihood (-2LL) values were 908.894 for the model.

*Statistically significant (p<0.05).

aHR, adjusted HR; AIS, Abbreviated Injury Scale; ATDB, Ajou Trauma Data Bank; xGCS, Glasgow Coma Scale; xISS, Injury Severity Score; XNTDB, National Trauma Data Bank; xSBP,

systolic blood pressure

p<0.001, 95% CI 0.981 to 0.992; and GCS at admission:
aHR=0.887, p<0.001, 95% CI 0.838 to 0.938. Regarding
the effect of the treatment institution (ATDB vs. NTDB), the
aHR was borderline significant (p=0.054; table 3). As the log
minus log curve for the two groups (ATDB and NTDB) showed
a parallel pattern, we considered the Cox regression model as
statistically appropriate for the analysis. According to the results
of the Cox regression analysis, the interaction effect of the two
groups had a p value of 0.077 and therefore could not be consid-
ered as changing the hazard function. This satisfied the propor-
tional hazard assumption (data not shown).

Outcome analysis in the ATDB cohort according to the estab-
lishment of the trauma center (pre-establishment, interim estab-
lishment and postestablishment), revealed decreased mortality
rate post-trauma center establishment in 2015 and 2016
(figure 3). However, as the number of patients were too small
(n=21), statistical significance could not be adequately assessed.
ICU LOS (median, 3.5 days) and mortality (23.8%) were more
similar between the post-trauma center establishment and
NTDB cohorts (ICU LOS: median, 5 days; mortality, 23.1%)

400 383

Mortality (%)
(3%}
o
=}

2010-2012 2013-2014

Year

Figure 3 Mortality rate change after severe pelvic fractures in a
representative at Ajou trauma center according to the periods related to
trauma center development and establishment.

than between the pre-establishment and interim establishment of
the trauma center and NTDB cohorts (table 4).

DISCUSSION

This study shows that there is difference in in-hospital mortality
after severe pelvic fractures (AIS 4 or 5) at a single represen-
tative trauma center established in South Korea in 2015 when
compared with matched patients treated at level 1 or 2 trauma
centers in the USA. The difference, however, was not statisti-
cally significant when using the Kaplan-Meier survival curves
and Cox regression analysis. Moreover, mortality and ICU LOS
were similar in the post-trauma center establishment period in
South Korea and in the NTDB dataset. It was also confirmed
that older age, lower SBP and GCS at admission were associated
with mortality in severe pelvic fractures. Although one must be
careful in generalizing these findings, we were able to effectively
compare two cohorts from two different population datasets, in
two different countries and report significant risk factors asso-
ciated with specific outcome measures in a specific anatomical
injury using current statistical methodologies.

In this study, we compared two different cohorts using PSM.
We were able to match 160 patients with severe pelvic fractures
during 7 years from a representative trauma center in South
Korea. For comparison purposes, we analyzed data from 6438
patients with severe pelvic fractures from the NTDB, which was
established several decades earlier than the ATDB.?22* However,
even selecting only severe pelvic fracture cases (AIS of 4 and
5), there are still significant differences between the ATDB and
NTDB cohorts in terms of pelvic and overall injury severity, asso-
ciated injuries and mechanism of injury. Therefore, we employed
PSM to control for those differences to be able to compare the
two cohorts. We think that this study design is useful if appro-
priate statistical methods and adequate matching are used for the
analysis in the field of traumatology, where prospective studies
such as a randomized controlled trials are difficult to do.

Before PSM, a significantly higher in-hospital mortality rate
was observed in the ATDB cohort compared with the NTDB
cohort. However, patients in the ATDB cohort had more severe
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Table 4 Comparison of variables and outcomes between the pretrauma, interim trauma and post-trauma center establishment periods in the ATDB

Pretrauma center; 2010-2012

Interim trauma center;

Post-trauma center; 2015-

Variables (n=94) 2013-2014 (n=45) 2016 (n=21) P values

Covariates
Age 49.5 (35.8-62) 48 (33-59) 48 (39.5-62) 0.462
Sex, male 55 (58.5) 24 (53.3) 14 (66.7) 0.589
SBP at admission, mm Hg 92 (70-112.5) 100 (75-123) 110 (100-128) 0.014
GCS at admission 13 (5.75-15) 14 (4-15) 12 (5.5-15) 0.982
Pelvic AIS 5 (4-5) 4 (4-5) 5 (4-5) 0.736
Head AIS 0 (0-0) 0(0-2.5) 0(0-3) 0.153
Thorax AIS 3(0-3) 2(0-3) 0(0-3) 0.657
Abdomen AlS 0(0-3) 0(0-3) 1(0-3) 0.387
1SS 34 (25-41.5) 34 (29-46.5) 34 (25-46.5) 0.658
Transfer, yes 56 (59.6) 19 (42.2) 13 (61.9) 0.124

Outcomes
Hospital LOS, days 36 (2-85) 24 (3-73) 52 (26.5-73.5) 0.449
ICU LOS, days 16 (7.5-36.5) (n=65) 9 (6.25-19.25) (n=20) 3.5(1.75-20.75) (n=10) 0.027
Ventilator, days 15.5 (8.25-29.5) (n=52) 11 (3.5-22.75) (n=24) 13.5 (4-59.75) (n=14) 0.495
Mortality 36 (38.3) 18 (40.0) 5(23.8) 0.404

All continuous variables were shown as a median (IQR) and compared by Kruskal-Wallis test.
All categorical variables were shown as a number (percentage) and compared by ? test for trend.
AIS, Abbreviated Injury Scale; ATDB, Ajou Trauma Data Bank; GCS, Glasgow Coma Scale; ICU, intensive care unit; ISS, Injury Severity Score; LOS, length of stay; SBP, systolic blood

pressure.

pelvic fractures than observed in the NTDB group. As the ATDB
cohort included patients with higher pelvic AIS, lower SBP and
GCS at admission and higher overall 1SS when compared with
the NTDB cohort, we used PSM to adjust for those confounding
factors. Our data showed that difference in in-hospital mortality
between the groups was reduced after matching. Comparing
mortality rates between two cohorts derived from two different
countries likely has its limitations.?* As we detected significant
differences in hospital LOS between the two groups, such differ-
ences were taken into account when assessing differences in
survival rates by the Kaplan-Meier and Cox regression methods.
When we performed a Kaplan-Meier analysis for 30-day survival
rates, no significant differences were observed between the two
groups. The Cox regression analysis showed that the manage-
ment of severe pelvic fractures at a representative trauma center
in South Korea had a lower aHR for mortality than other factors
such as age, SBP and GCS at admission. It should be noted,
however, that the aHR for the treatment institution had border-
line statistical significance (p=0.054). In summary, the simple
comparison of in-hospital mortality rate by y? test in patients
with severe pelvic injuries showed that the ATDB group had a
higher mortality rate than the NTDB group, although this was
not statistically significant in the Kaplan-Meier survival curve
analysis or the Cox regression analysis model considering vari-
ables such as hospital LOS and ICU LOS. Additional analyses
using the ATDB dataset relative to the period after the estab-
lishment of the trauma center (after 2015) revealed that the
mortality rate, ICU LOS and days on the ventilator were more
similar to those of the NTDB cohort although the number of
cases was too small to determine any statistical difference.

Age, SBP and GCS at admission were significantly associated
with mortality rate after severe pelvic fractures in compari-
sons between matched survivors and non-survivors in the Cox
regression analysis. These results are in agreement with previous
studies.*# These findings imply that patients with severe pelvic
fractures who are older, presenting with hypotension and

decreased level of consciousness are at higher risk of death and
require more immediate interventions.

There are several limitations to this study. First, we used a
retrospective study design and only included data from a single
center in South Korea, therefore our findings cannot be general-
ized due to possible selection bias. Second, we relied on PSM to
compare the two cohorts, and this methodology has some limita-
tions.?! 2628 Lastly, the use of a registry-base dataset might may
have introduced bias.?’ In particular, there could be differences
between datasets originating from two different countries.?* The
ATDB applied the criteria used by the NTDB for registering
the majority of the data. However, the NTDB dataset did not
include information on transfusion volumes and types blood
products, laboratory findings and specific data on efforts such
as the type of surgical intervention or the use of interventional
radiology techniques for bleeding control. Therefore, we could
not conduct more in-depth analyses of outcome measures as they
relate to treatment options.

In conclusion, patients with severe pelvic fractures (pelvic AIS
4 or 5) had a high mortality rate (>20%); mortality was signifi-
cantly associated with older age, lower SBP and GCS scores at
admission. Our results suggest that the establishment of a trauma
center at AUMC has improved outcomes of patients with severe
pelvic fractures.
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