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The Impact of Trauma Center Establishment on Laparotomy
Patterns and Outcomes in Severe Hemoperitoneum Patients
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Purpose: The establishment of the trauma system has changed the quality of trauma care in many countries. As one
of the first designated level I trauma centers in Korea, we hypothesized that there were changes in laparotomy patterns

and subsequent survival rates after the center was established.

Methods: This was a 5-year retrospective study of all severe hemoperitoneum patients who were transfused with
more than 10 units of packed red blood cells (RBCs) within 24 h of hospitalization. Variables related to trauma were
collected throughout the study period, and the patients admitted before (period 1) and after (period 2) the establish-

ment of a trauma center were compared.

Results: Forty-five patients were managed from January 2009 to March 2015. The baseline patient characteristics of
the two groups, including age, Injury Severity Score, blood pressure, and hemoglobin levels, were similar. The time to
the operating room (OR) was 144.3 +51.5 min (period 1) and 79.9 +44.1 min (period 2) (»<0.0001). Damage control
surgery (DCS) was performed in 17% of patients during period 1 and in 73% during period 2. The number of actual

survivors (n=10) was higher than expected (n=8) in period 2.

Conclusion: This is the first study analyzing the impact of a trauma center on the management of specific injuries,
such as severe hemoperitoneum, in patients in Korea. During the study, the time to OR was shortened and DCS was
used to a greater extent as a surgical procedure. [ J Trauma Inj 2017; 30: 6-11 |
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l. Introduction

Minimizing the time of delay from the emergency
department (ED) to the operating room (OR) for severely
injured patients requiring immediate laparotomy is
critical. The time from ED to OR, which is an audit
filter for evaluating the performance of a trauma
center, is an important factor affecting the mortality
of severely injured patients.(1,2) In a preventable
death ratio survey conducted in Korea in 2011, the

in—hospital preventable death ratio was as high as

29.8%.(3) Delay in treatment was the main cause of
this high preventable death ratio.(4)

Damage control resuscitation (DCR) including dam~—
age control laparotomy (DCL) is widely known as the
most effective treatment for severe hemoperitoneum
patients.(5,6) Unlike the conventional definitive
laparotomy, DCL is an abbreviated surgical method
that includes a definitive operation after correcting
the lethal triad (acidosis, coagulopathy, and hypother—
mia) using a staged operation concept.(7) However,
because of the rarity of the organized trauma sys—
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tem and designated trauma centers until 2014, there
have been few or no reports on the performance of
DCL in Korea.

The Ministry of Health and Welfare in South Korea
started a nationwide project of establishing a trau-—
ma system to reduce the high preventable death rate
in 2011.(3) The overriding goal was to establish a
regionalized level I trauma center, and our hospital
opened a trauma center in January 2014. This was
the first trauma center established in Korea. It is
equipped with a trauma bay, two ORs dedicated to
trauma, a 20—bed trauma intensive care unit (ICU), a
trauma intervention room, and dedicated trauma sur—
geons working in the hospital. This study was con—
ducted to compare the methods of operation, change
in the time to OR, and outcome of patients before and
after the establishment of the trauma center.

Il. Materials and Methods

More than 3000 trauma patients, including 400—
500 severely injured trauma patients with Injury
Severity Score (ISS) exceeding 15, are annually hos—
pitalized in the single trauma center, which is a
1500—-bed teaching hospital, located in Korea. More
than 90% of these patients have had blunt traumas.
The emergency medical system is mostly ground-—
based, but air transportation via a helicopter is also
available,

This study examined the medical records of patients
who underwent emergency laparotomy and were
transfused with more than 10 units of packed red
blood cells (RBCs) within 24 h of visiting the emer—
gency center and trauma bay and were diagnosed
with hemoperitoneum. However, patients who suffered
from a severe traumatic brain injury requiring cran—
iotomy or those with a score of more than 4 on the
Abbreviated Injury Scale (AIS), laparotomy conver—
sion patients who failed non—operative management
(NOM) for hemoperitoneum, pediatric patients under
18 years of age, and patients who arrived at the emer—
gency room more than 6 h after injury were excluded
from the analysis. Patients who had bleeding in
areas other than the abdomen and needed surgical
or radiological intervention were also excluded. The

demographics, damage mechanism, Glasgow Coma

Scale (GCS) score at the moment of hospitalization,
time sequence of injury and arrival time at the hos—
pital, time sequence until arrival to OR, Revised
Trauma Score (RTS), ISS, probability of survival (Ps)
calculated using the Trauma Injury Severity Score
(TRISS) method with National Trauma Data Bank
2009 (NTDB 09) coefficients,(8) information related
to operation, and main cause of death were investi—
gated by conducting a retrospective review of the
patients medical records. The place of intubation and
anaesthetization before admission, GCS score, and
respiratory rate were recorded as the values docu-—
mented just before intubation. Patient data were
collected from January 2009 to March 2015. Patients
were divided into two groups: before opening the
center (period 1) and after opening the center (2014)
(period 2).

The Statistical Package for the Social Sciences
(SPSS) 18.0 (SPSS Inc., Chicago, USA) was used for
analysis. p<0.05 indicated statistical significance. All
the data were analyzed using frequency analysis,
chi—square distribution for nominal variables, and
T—test for continuous variables,.

lll. Results

In total, 45 severe hemoperitoneum patients were
eligible for this study. The ratio of male patients was
84.4%, and mean age was 50.9+15.7 years. The mean
ISS, RTS, GCS score, and TRISS (Ps) values were 25.9
+9.3, 5.41£2.39, 10.8£5.3, and 0.65+0.36, respec—
tively. The mean time to OR was 121.4£57.7 min. A
mean of 29 units of packed RBCs and 14.6 units of
fresh frozen plasma were transfused (Table 1).

Basic characteristics, including gender, age, ISS,
and injury mechanism, showed no statistical signifi—
cance in the analysis, but the difference in time until
operation (the time to OR) was statistically signifi-
cant between the two groups (p<0.05) (Table 1) (Fig.
1). A lower value of mortality was measured during
period 2 than during period 1, but this difference was
not statistically significant (p=0.27) (Table 1).

In comparison of the operation data of period 1 and
period 2, no differences in systolic blood pressure
(SBP), body temperature (BT), arterial pH, and base

deficit were observed between the groups. However,
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Table 1. Overview of clinical characteristics in the two period groups

Total (N=45) Period 1 (N=29) Period 2 (N=16) p
Male, n (%) 38 (84.4) 26 (90) 12 (75) 0.18
Blunt, n (%) 40 (88.8) 24 (83) 16 (100) 0.56
Age (years) 50.9+15.7 49+16.5 54.4+14 0.14
SBP on arrival (mmHg) 69.6+31.8 78.6+26.1 53.3+354 0.31
ISS 259+9.3 252+85 27.3+10.9 0.63
RTS 5.41+2.39 6.02+1.86 43+29 0.07
GCS 10.8+5.3 11.8+5.1 89+55 0.11
TRISS (Ps) 0.65+0.36 0.74+0.31 0.49+041 0.09
Hemoglobin (g/dL) 10+35 10.6+3.7 8.9+281 0.22
Platelet (103/mm) 166.5+ 86 179.1+92.6 143.8+69.3 0.38
INR 161+1.12 161+1.32 1.59+0.59 0.99
Blood pH 7.20+0.18 7.26+0.14 7.09+0.2 0.00
Blood lactate (mmol/L) 7+4.4 6.1+38 8.6+4.8 0.02
Blood base excess (mmol/L) 12.8+6.8 10.8+6.1 16.5+6.8 0.01
Timeto ED (min) 138.8+106.6 125+98.1 163.95+119.6 0.67
Timeto OR (min) 121.4+57.7 144.3+51.5 79.9+44.1 0.00
Transfusion of RBCs (within 24 h) 29.0+14.8 29.6+15.2 28+14.6 0.98
Transfusion of FFP (within 24 h) 146+84 13.2+6.1 17.3+11.7 0.22
Mortality, n (%) 21 (46.7) 15 (51.7) 6 (37.5) 0.27

ISS: injury severity score, RTS: revised trauma score, GCS: Glasgow Coma Scale, TRISS: trauma injury severity score, INR:
international normalization ratio

Table 2. Surgical data analysisin the two period groups

Period 1 (N=29) Period 2 (N=16) p
Operation time (min) 192.9+67.7 81.8+20.7 0.00
Damage control, n (%) 5(17) 13 (81) 0.00
SBPin OR (mmHg) (Mean =+ SD) 98.6+33.8 96.9+26.1 0.96
Body temperature in OR (° C) (Mean+ SD) 35.6+0.9 361+11 0.19
pH in OR (Mean+ SD) 7.17+0.18 7.1+0.17 0.24
BD in OR (mmol/L) (Mean=+ SD) 11.9+6 151459 0.15
300
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Fig. 1. Time elapsed from emergency department (ED) to operation room (OR) of 45 consecutive enrolled patients.
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Table 3. Comparison of survival using TRISS in the two period groups

Period 1 (N=29) Period 2 (N=16)
Actual number of survivors (%) 14 (28.2) 10 (62.5)
Expected number of survivors* (%) 22 (75.8) 8 (50)

* Expected survivors: Probability of survival (Ps) > 0.5

Table 4. Main causes of death

Period 1 Period 2
N (%) N (%)
Bleeding 10 (67) 4(67)
SepsisMOF 4(27) 2 (33)
CNS 1(7) 0

MOF: multiple organ failure, CNS: central nervous system

the operation time decreased from 192.9+67.7 min
to 81.8£20.7 min and the DCS ratio increased from
17% to 81% (Table 2). The survival rates between
period 1 and period 2 were compared using the
TRISS method. Of a total of 29 patients in the period
1 group, there were 22 expected survivors and 14
actual survivors; among a total of 16 patients in the
period 2 group, the number of actual survivors (n=10)
was higher than expected (n=8) (Table 3). Hypovolemic
shock caused by blood loss was the most common
cause of death, followed by sepsis and multiple
organ failure. One patient died of a central nervous
system (CNS) problem: the patient had minimal sub—
arachnoid hemorrhage with an alert mentality on
initial presentation; therefore, the patient was includ—
ed in this study. The patient s condition worsened
because of brain edema accompanied with diffuse
axonal injury; however, this was not diagnostically
confirmed (Table 4),

IV. Discussion

The aim of this study was to determine whether
the establishment of a trauma center affected the
outcome of severely injured trauma patients who
required operation with massive transfusion, For
this analysis, the operation pattern and time to OR
for severe hemoperitoneum patients with high mor—
tality were used as the main analysis factors.
Therefore, only patients who were transfused with
more than 10 units of packed RBCs were targeted.

Patients with other high possibility factors (except
for abdominal surgery) that may have affected the
outcome were excluded. Patients who took more than
6 h to arrive to ED were also excluded because the
trauma system in Korea was not completely estab—
lished. Actually, pre—hospitalization transport takes
a longer time in Korea than in other advanced coun—
tries, and the inter—hospital transfer ratio from the
local medical center is high. To the best of our knowl—
edge, this is the first report of a study in Korea
using such a cohort.

Improved outcomes for patients managed at des—
ignated trauma centers are well established.(9-12) A
readily available multidisciplinary trauma team
(including physicians and supporting staff), commit—
ment to the quality improvement processes, and
financial support by the government and institu-—
tions indicate that trauma centers are well designed
to care for severely injured patients. This commit—
ment to trauma contributes to improved outcomes,
(13) Our trauma center is properly equipped follow—
ing the standard of level I trauma centers in the U.S.,
with 14 full-time trauma surgeons, two trauma coor—
dinators, and seven physician extenders currently
working at the center. Emergency physicians, an
anesthesiologist, and residents stay at the center,
and neurosurgery and orthopedic consultants are
available round—the—clock.

When DCL is indicated, patients have no other
treatment options for their survival.(14) DCL has
three distinct phases: expeditious surgical control of
hemorrhage with temporary abdominal closure, cor—
rection of the lethal triad in the ICU, and definitive
surgical repair of all injuries.(7,15) Therefore, mas—
sive transfusion can trigger DCL.(16) DCL was applied
to the most severe hemoperitoneum patients who
required massive transfusions or maintained low
systolic BP during operation in period 2, but the
performance ratio of DCL for period 1 was only 17%.
We think that this result may be due to the lack of
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trauma education and dedicated trauma facilities.
Quality assurance and improvement programs mainly
use mortality, morbidity, and disability as indicators
for the evaluation of the quality of medical treat—
ment for injured trauma patients. These indicators
are critical and powerful, but there is a limitation in
evaluating information on the care process. Trauma
audits can be helpful in overcoming limitations,
making the care process easy and useful. The time
to OR (time to laparotomy) can be used as an audit
filter for injured trauma patients with abdominal
trauma.l In one study, after the implementation of a
dedicated trauma program, there was an approxi—
mately 40% decrease in the triage time for patients
going to the ICU or OR.(17) In a study by Henderson
et al., it was reported that the mean time to OR for
a patient undergoing urgent laparotomy was 115 min
in England, while the author s center reported 55
min.(2) Another study on emergency trauma surgery
in the U.S. reported the time to OR as 136 min.(18)
Porter et al, reported the time to OR as 44 min in
cases in which the attending trauma surgeon was in
the resuscitation room and 109 min in cases in which
the attending trauma surgeon was not in the resus—
citation room.(19) A study of patients whose initial
SBP was below 90 mmHg reported that the proba-—
bility of death increased when the time in ED was
over 90 min.1 The mean time to OR in this study was
121.4 min; the mean values for period 1 and period 2
were 144.3 min and 79.9 min, respectively. In par—
ticular, in case of period 2, the mean time to OR was
considered comparable with that in existing studies.
The TRISS method combines the physiological and
anatomic assessments of injury with stratification
based on patient age and the mechanism of injury.
(20-22) This system was widely used in the first
stage of introduction because it is relatively simple
to use by comparing the quality between trauma
centers. However, there are a number of limitations
to the TRISS method. First, it does not account for
multiple injuries to a single body part, particularly
common in case of truncal penetrating injuries, and
it cannot predict the survivability coefficient of
elderly patients with comorbid medical disease.
(23,24) Many studies have reported inconsistencies

and variabilities in peer review.(25) The size of each

group of patients was small in this study, and no
formal peer review board was instituted in period 1;
thus, the comparison of mortality rates is difficult.
Therefore, this study compared unexpected death
using the TRISS method in the initial stage of trau—
ma system establishment.

There are a few limitations to this study. First, the
amount of data was insufficient because of the decline
in laparotomy due to the development of interven—
tional treatment. Second, a retrospective study was
conducted because a randomized controlled study
was unavailable due to the characteristics of trauma
patients. Third, pre—hospitalization information was
insufficient because the emergency treatment med—
ical records were inadequate. Finally, the outcomes
could not be compared with those of other trauma
centers in the same time period because there was
no established trauma data bank before 2013,

This is the first study to analyze the impact of the
trauma center on the management of specific injuries,
such as severe hemoperitoneum, in patients in Korea.
During the study period, the time to OR was short—
ened and DCS was used to a greater extent as a sur—
gical procedure. The commitment of financial and
human resources for the establishment of a dedicat—
ed trauma program is a sound investment in terms

of improved survival in critically injured patients.
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