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ABSTRACT
Purpose: Acute care surgery (ACS) has been shown to improve patient outcome and treatment
efficiency in the U.S. ACS was introduced to the Department of Surgery, Yonsei University College of
Medicine, Seoul to solve the problems associated with delays in surgical evaluation of non-trauma
patients who needed emergency surgery, and to offer exposure to a wide variety of surgical cases
to general surgical fellows and residents. The objective of this study was to describe the 10-year
experience of the ACS department in a single center.
Methods: A retrospective chart review was conducted at the Department of Surgery, Yonsei
University College of Medicine, Seoul, for all patients admitted from March 2008 to February 2018.
Patients were grouped into either the trauma or non-trauma group, and were further classified
according to their diagnosis, and the type of operations they had undergone.
Results: There was a total of 2,805 patients, including 1,001 trauma patients and 1,804 non-trauma
patients. The average hospital length of stay was 14 days and the total in-hospital mortality rate was
3.6%. Trauma mechanisms included blunt (92.6%), penetrating (7.0%) and burn (0.4%) trauma. The
majority of non-trauma patients were admitted for appendicitis (37.1%), followed by cholecystitis
(21.7%). There was a total of 1,561 operations conducted. The most frequent operations were
appendectomy (38.3%) and cholecystectomy (19.5%), followed by adhesiolysis (7.8%).
Conclusion: A working ACS department has been implemented in a Korean medical center.
Keywords: critical care, hospital stay, surgery, trauma.

Introduction

centers and has improved patient outcomes and treatment
efficiency [4-8].

The novel concept of acute care surgery (ACS) was initially

Patients who needed emergency surgical care traditionally

proposed by the American Association for the Surgery of

had to wait for the general surgeon on-call, who was usually

Trauma in 2005. The emerging specialty was composed of

working in outpatient departments or performing elective

trauma, surgical critical care, and emergency general surgery

surgery; In this traditional model, a blind spot was evident

[1]. Several factors have been proposed as contributing to the

for surgical treatment of non-trauma patients before ACS was

emergence of ACS in the U.S.; a national shortage of general

adopted [5]. This lack of prompt availability of the general

surgeons [2], decreased interest in trauma or surgical critical

surgeon for patients who needed emergency general surgery,

care as a career option [3], and a medical blind spot of non-

delayed surgical evaluation, and treatment for these critically

trauma patients who required emergency surgical treatment.

ill patients.

ACS has been successfully adopted in many U.S. medical

Trauma and surgical critical care as a specialty is not
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an attractive proposal for general surgery residents. The

and were responsible for both patients who had traumatic, and

reasons for this may include the perception that trauma and

nontraumatic injuries. Table 1 provides a summary of weekly

surgical critical care is a non-operative field, has an increased

staffing schedules for the ACS model. The on-call system on

medicolegal risk [3,9,10], and has insufficient exposure to a

weekdays is based on a 12-hour shift. During the dayshift, the

wide variety of surgical cases. ACS includes not only trauma

ACS surgeon and 1 backup surgeon is on-call for non-trauma

and surgical critical care, but also non-trauma emergency

patients who need emergency surgery. For the nightshift, 1

surgery and elective surgery. Therefore, ACS offers a better

scheduled surgeon [including the ACS surgeon (once or twice

scope of practice to general surgery residents.

a week)] is on-call for non-trauma patients. Weekend shifts

In 2008, the Department of Surgery, Yonsei University

were based on a 24-hour shift where there was 1 scheduled

College of Medicine, Seoul, implemented the ACS model to

on-call surgeon (except ACS surgeons). For trauma patients, 1

address issues associated with delays of surgical evaluation of

ACS surgeon and 1 backup ACS surgeon were on-call based on

non-trauma patients who need emergency surgery, and to offer

a 24-hour shift. Importantly, non-trauma patients who were

exposure to surgical residents, to a wide variety of surgical

admitted during the night (6 pm to 6 am) and weekends, were

cases. This study aimed to describe the outcomes of practicing

excluded from the ACS data since they were admitted to the

ACS for 10 years in a single tertiary hospital in Korea.

other Departments of General Surgery (not the Department
of ACS). A retrospective analysis in a single center, university
affiliated hospital from March 2008 to February 2018 was
performed to review patients who were admitted from the

Materials and Methods

Emergency Department or transferred to the ACS Department
In March 2008 ACS was adopted by the Department of

by other departments.

Surgery, Yonsei University College of Medicine, Seoul, and

The data for analysis included demographic characteristics,

trauma and non-traumatic emergencies were covered by the

diagnosis, and type of surgery. Patients were assigned to

ACS surgeon (Table 1). In the initial period (March 2008 to May

either trauma or non-trauma group, and were subclassified

2014) of practice of ACS, 1 general surgeon (staff) and 1 surgical

according to their diagnosis, and the operations they

resident were dedicated to the ACS team. In March 2015, the

underwent. The trauma group was subcategorized into the

newly formed Training Center for Trauma in the Department of

type of trauma experienced; blunt, penetrating, and burn.

Surgery had 3 dedicated surgeons appointed to trauma surgery,

The non-trauma group was subcategorized according to the

and the fellows of the trauma team were responsible for non-

diagnosis; appendicitis, cholecystitis, intestinal obstruction,

trauma emergencies. After February 2018, besides staffs, 2

gastroduodenal perforation, small bowel perforation,

surgical residents worked in the ACS team for 12 hours per day

large bowel perforation, inflammatory bowel disease,

on rotation [dayshift (6 am to 6 pm), nightshift (6 pm to 6 am)],

gastrointestinal bleeding, intra-abdominal abscess, hernia, and

Table 1. Staffing schedule for acute care surgery models.
a) Non-trauma

Day (6:00 am – 6:00 pm)
Night (6:00 pm – 6:00 am)

Weekday

Weekend

1 ACS surgeon

1 scheduled on call surgeon
(except ACS surgeon)

1 scheduled on call surgeon
(including ACS surgeon)

b) Trauma

Day (6:00 am – 6:00 pm)
Night (6:00 pm – 6:00 am)

Weekday

Weekend

1 ACS surgeon

1 ACS surgeon

1 backup ACS surgeon

1 backup ACS surgeon

c) Number of ACS surgeon
March 2008 - May 2014

1 ACS surgeon

June 2014 - Feb 2015

2 ACS surgeon

March 2015 - Feb 2018

3 trauma surgeons & Fellows

ACS = acute care surgery.
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were categorized as non-trauma (Table 2). The mean age of the

“others.”
Patients who underwent surgery were grouped according

trauma group was 49.5 years, and the mean age of the non-

to the type of operation they received; appendectomy,

trauma group was 53.8 years. The percentage of male patients

cholecystectomy, primary repair of hollow viscus, gastrectomy,

in the trauma group was 66.9%, and in the non-trauma group

small bowel resection, large bowel resection, diversion, hepato-

was 55.1%. Hospital length of stay for the trauma group, and the

bilio-pancreatic surgery, resection of solid organ, adhesiolysis,

non-trauma group were 22.38 days, and 9.42 days, respectively.

bleeding control, hernia repair, and “others.”

The percentages of in-hospital mortality for the trauma group,
and the non-trauma group were 5.6%, and 2.5%, respectively.

This study was approved by the Institutional Review Board
of Yonsei University College of Medicine, Seoul (IRB no.:

The trauma group were subclassified according to the type

4-2019-0927), and informed consent was waived due to the

of traumatic injuries. Patients with blunt injuries comprised

retrospective nature of the review of the medical records.

of 92.6% of all trauma patients, and patients with penetrating
injuries, and burn injuries accounted for 7.0%, and 0.4%
respectively (Table 3). The non-trauma group was subclassified
into 11 groups according to diagnosis. Appendicitis and

Results

cholecystitis accounted for 58.8% of all non-trauma patients,
37.1%, and 21.7%, respectively. Intestinal obstruction accounted

During the 10-year study period, 2,805 total cases were

17.8% of all non-trauma patients.

analyzed and 1,001 were categorized as trauma, and 1,804

Table 2. Characteristics of admitted patients for 10 years.
Total (n = 2,805)

Trauma (n = 1,001)

Non-trauma (n = 1,804)

Age (y; ± SD)

52.3 (19.52)

49.5 (19.28)

53.8 (19.49)

Male : Female

1,664 : 1,141

670 : 331

994 : 810

H-LOS (d; ± SD)

14.04 (30.74)

22.38 (47.08)

9.42 (13.41)

In-hospital mortality

102 (3.6)

56 (5.6)

46 (2.5)

H-LOS = hospital length of stay.
Table 3. Numbers of admitted patients for 10 years.

Trauma

Classification

Count (%)

Blunt

927 (92.6)

Penetrating

70 (7.0)

Burn
Total

Non-trauma

4 (0.4)
1,001

Appendicitis

670 (37.1)

Cholecystitis

392 (21.7)

Obstruction & Strangulation

321 (17.8)

Gastroduodenal perforation

41 (2.3)

Small bowel perforation

98 (5.4)

Large bowel perforation

121 (6.7)

Inflammatory bowel disease

27 (1.5)

GI bleeding

7 (0.4)

Intra-abdominal abscess

40 (2.2)

Hernia

57 (3.2)

Others*

30 (1.7)

Total
*Mesenteric venous thrombosis, pneumatosis intestinalis, bowel ischemia (without evidence of perforation) etc.

1,804
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There were 55.6% of patients who were admitted to the

Table 4. Numbers of operations for 10 years.
Count (%)

Department of ACS who underwent surgical treatment (Table
4). There were 598 out of 1,561 cases (38.3%) that were

Appendectomy

598 (38.3)

appendectomies. The appendectomy was typically performed

Cholecystectomy

304 (19.5)

by laparoscopic approach (96.2%). The second most common

Adhesiolysis & bandlysis

122 (7.8)

Bleeding control

105 (6.7)

Small bowel resection

97 (6.2)

Primary repair of hollow viscus

88 (5.6)

Figure 1 shows the number of annual surgical procedures

Large bowel resection

68 (4.4)

conducted by the ACS team. The number of surgical procedures

Hernia repair

46 (2.9)

Diversion

39 (2.5)

Resection of solid organ

15 (1.0)

High blood pressure

9 (0.6)

Gastrectomy

8 (0.5)

Others*

62 (4.0)

Total

1,561

*Intraabdominal drainage, abdominal wall closure, hematoma
evacuation, foreign body removal, etc.

cases were cholecystectomies, accounting for 19.5% of cases.
This was followed by adhesiolysis and bandlysis (7.8%) surgery
for intestinal obstruction. Most cases of bleeding control (6.7%
of all surgical cases) were caused by blunt traumatic event.

for trauma patients are relatively constant. On the other
hand, the data showed an upward trend in the annual
number of non-trauma emergency surgeries. The numbers of
appendectomy cases were generally constant in the 10-year
period.

Discussion
In the Department of Surgery, Yonsei University College
of Medicine, Seoul, before implementing the ACS model, a
general surgeon who was on-call over a 24-hour period, was
in charge of non-trauma patients who needed emergency

(A)

surgical treatment. These general surgeons who were on-call
were typically preoccupied by other activities such as elective
surgery, and working in Out-Patient Departments therefore
delays in surgical evaluation and treatment occurred. These
concerns prompted the adoption of the new concept of ACS in
2008 as a new specialty. It was composed of trauma, surgical
critical care, and emergency surgery. Since the implementation
of the ACS model in 2008, an ACS team included an attending
surgeon in charge of non-trauma patients and another
attending surgeon in charge of trauma patients during the
daytime and on weekdays. This provided timely surgical
evaluation and management for critically ill patients. In

(B)

early period from March 2008 to May 2014, only 1 surgeon
was dedicated as ACS surgeon. From 2014, the institution
was appointed as The Training Center for Trauma Surgeons,
so 3 surgeons performed ACS surgery. However, due to the
limitation of only having a single surgeon and a training center,
comprehensive emergency surgery was not covered by the ACS
team.
The ACS team was composed of not only the ACS surgeons,
but also fellows and 2 general surgical residents, in training.
Fellows worked 24-hour shifts, and the 2 residents worked
12 hours per day on rotation. The number of ACS surgeons
and residents involved in the ACS team was restricted by

Figure 1. Annual number of surgical procedures. (A) Comparing
nontraumatic cases with traumatic cases, and (B) comparing the
number of appendectomy cases with the number of cholecystectomy
cases.

the systems and policies in place at the hospital. Therefore,
optimization of the ACS model is restricted by working to
hospital and governmental policies. This is a nationwide issue
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whereby the government inadvertently affects the national

Korea. Secondly, the experience and the number of emergency

medical system under the guise of managing the national

surgeries may vary considerably according to resources such

health insurance program.

as manpower, availability of operating room, and backup

The durability of ACS as a specialty in Korean hospitals

anesthesiologists. However, the data from this review of

depends on the numbers of general surgical residents it

10-years of experience of using the ACS model in a Korean

attracts. ACS includes trauma, surgical critical care, emergency

medical center, is valuable. It is the first long term massive data

surgery and elective surgery [11]. In 2012, a survey was

set of the ACS model in Korea. By providing a timely diagnosis

conducted to examine the opinions of general surgical

and surgical treatment, the ACS system is a working model

residents in the U.S. regarding training and careers in ACS.

implemented in this institution. Analysis of this data set in

There were 46% of respondents who considered pursuing an

the future allows a comparison of patient outcome, treatment

ACS fellowship which was in stark contrast to previous surveys

efficiency, and cost effectiveness of ACS with the traditional

which reported only 6% to 18% of surgical residents would

general surgery model previously used at this institution.

consider a fellowship in trauma surgery [12]. Typically, this
lack of interest in pursuing trauma and surgical critical care
has been due to the perception that this area is a non-operative
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