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INTRODUCTION

Trauma is the most frequent cause of death in people under 40
years of age worldwide, and trauma-related mortality is projected
to increase over the next 20 years [1]. A trauma center is a hospi-

Purpose: With the increasing number of polytrauma patients treated at high-level trauma centers,
plastic surgery has entered the specialty of traumatology. Plastic surgeons specialize in the simulta-
neous surgical care of patients with facial or hand trauma and soft tissue injuries requiring micro-
surgery. The purpose of this study was to introduce the role of plastic surgery in a high-level trauma
center.

Methods: Between January 2020 and December 2020, 5,712 patients with traumatic injuries were
admitted to the emergency department of a tertiary hospital. Of these 5,712 patients, 1,578 patients
were hospitalized for surgical treatment and/or critical care. Among the 1,578 hospitalized trauma
patients, 551 patients (35%) required at least one plastic surgery procedure. The patient variables in-
cluded age, sex, etiology, the injured area, and injury characteristics. We also retrospectively investi-
gated surgical data such as the duration of the operation, hospital stay, length of time from injury to
surgery, and collaboration with other departments.

Results: The most common injury referred to plastic surgery was facial trauma (41%), followed by
hand trauma (36%), and soft tissue injuries requiring microsurgery in various parts of the body oth-
er than the hand (7%). The majority of facial and hand traumas were concomitant injuries. Sixteen
percent of patients underwent collaborative surgical management for polytrauma involving both
plastic surgery and another department.

Conclusions: The role of plastic surgery in multidisciplinary teams at high-level trauma centers has
become increasingly important. The results of this study may help in the development of multidisci-

plinary trauma team strategies and future workforce planning.
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tal equipped and staffed to provide care for patients with trau-
matic injuries from falls, motor vehicle collisions, and other
events. In the United States, a hospital can receive trauma center
status by meeting specific criteria established by the American
College of Surgeons and passing a site review by the Verification
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Review Committee. Trauma center designation is a process out-
lined and promulgated at the state or local level. The official des-
ignation as a trauma center is determined by individual state law
provisions. Trauma centers vary in their specific capabilities and
are identified by “level” designations, where level I is the highest
and level V is the lowest [2].

The key elements in level I trauma centers include 24-hour in-
house coverage by general surgeons and the prompt availability
of care in various specialties such as emergency medicine, inter-
nal medicine, trauma surgery, orthopedic surgery, cardiothoracic
surgery, neurosurgery, anesthesiology, and critical care, as well as
plastic surgery. Following the introduction of the major trauma
network in Korea, 17 regional trauma centers (RTCs) and 39 re-
gional emergency medical centers (REMCs) were designated and
mandated to provide equivalent services to a highly specialized
subgroup of severely injured patients.

As the number of polytrauma patients increases, plastic sur-
gery has entered the specialty of traumatology. Plastic surgeons
specialize in the simultaneous surgical care of patients with oral
and craniomaxillofacial trauma, hand trauma, stab wounds,
complicated wounds, deep wounds, burns, and traumatic avul-
sion or crushing injury requiring microsurgery. Nine years after
the major trauma network was launched, plastic surgery was
present at 16 of the 17 RTCs and 37 of the 39 REMCs. Two of the
39 REMC:s still do not have colocated plastic surgical depart-
ments. The lack of colocated services can introduce delays in the
surgical treatment of facial and hand trauma or severe soft tissue
injuries requiring reconstruction using microsurgery and poten-
tially impact the outcomes. Thirty-seven of the 39 REMCs had at
least one plastic surgeon with a primary interest in facial and
hand surgery. However, plastic surgery departments covering
trauma centers are not standardized, although each department
has a unique set of skills.

Previous studies have reported the role of plastic surgery in
trauma centers specifically and individually [3,4]. However, limit-
ed studies have included every field of plastic surgery practice in
traumatology [5]. The present study introduces the field of plastic
surgery as practiced at a high-level trauma center of a tertiary
hospital, equivalent to a level I trauma center in the United States.

METHODS

This retrospective cohort study was approved by the Institutional
Review Board of Korea University Guro Hospital (No. 2021GR
0552). Informed consent was waived due to the retrospective na-
ture of this study.

262 www.jtraumainj.org

Moon and Yun. Plastic surgery in trauma centers

Between January 2020 and December 2020, 5,712 trauma pa-
tients were admitted to the emergency room of Korea University
Guro Hospital. Among the 5,712 patients, 3,869 patients who
met the following exclusion criteria were excluded from this
study: patients who were admitted via outpatient clinics; patients
with minor trauma such as contusions, sprains, and simple lacer-
ations that received primary repair; patients with minor wounds
treated with simple dressings; and patients who were not success-
tully monitored. In total, 1,843 patients required hospitalization
for surgery and/or hospital care. Of these 1,843 patients, 262 pa-
tients were transferred to another hospital because they had sus-
tained minor trauma (e.g., simple fractures) that did not require
surgery in a tertiary hospital or due to the lack of space in a ward
or an intensive care unit. Three patients died in the emergency
room due to severe traumatic injuries. Therefore, a total of 1,578
patients were analyzed in this study (Fig. 1). The number of pa-
tients with an Injury Severity Score (ISS) below 10 was 987
(63%). The number of patients with an ISS between 10 and 15
was 453 (29%), and the number of patients with an ISS over 15
was 138 (9%) (Fig. 2).

The primary referring surgical service was trauma surgery.
The primary referring surgical service usually represents the sur-
gical team performing the initial evaluation in a trauma center,
and each service in turn determines the need for additional spe-
cialty involvement. Among 1,578 hospitalized trauma patients,
551 patients (35%) required at least one plastic surgery proce-
dure. The patient variables included age, sex, etiology, the injured
area, and injury characteristics (Table 1).

We also retrospectively investigated surgical data, such as the
duration of the operation, hospital stay, length of time from inju-
ry to surgery, and collaboration with other surgical departments
(Table 2).

RESULTS

Fig. 3 presents the summary of the workflow applied by the de-
partment of plastic surgery. After the initial assessment of inju-
ries, a complex diagnostic procedure was completed to deter-
mine the therapeutic needs in the emergency room. A treatment
plan was then prepared, and surgical treatment was carried out as
soon as possible. In patients with prominent hemodynamic in-
stabilities such as low blood pressure due to massive bleeding,
brain hemorrhage, hemoperitoneum, hemothorax, and cardiac
tamponade, plastic surgery was performed despite the presence
of open injuries on the face or hand. In patients with open inju-
ries who were hemodynamically stable, plastic surgery was per-
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3,869 Patients excluded
+ 2,838 Return to outpatient clinics

1,843 Patients required hospitalization for
surgery and/or hospital care

1,012 Minor trauma
19 Lost to follow-up

265 Patients excluded

1,578 Hospitalized

trauma patients

plastic

551 Patients required at least one

surgery

« 262 Transfer to another hospital
- 3Expired at emergency room

226 Facial injury 198 Hand injury 38 'WY which needs 89 Others
microsurgery
Fig. 1. Flow diagram of patients included in this study.
Hospitalized patients for trauma management
(n=1,578)
1SS <9 10< 1SS <15 ISS >15
(n=987) (n=453) (n=138)

Patients required at least one plastic surgery
(n=328)

Patients required at least one plastic surgery
(N=192)

Patients required at least one plastic surgery
(n=31)

Fig. 2. Classification of patients according to the Injury Severity Score (ISS).

formed within 24 hours. In cases of replantation or an avulsion/
crushing injury with main vessel rupture that needed microsur-
gery, the anastomosis of vessels was performed by a plastic sur-
geon. Patients with closed fractures underwent surgery within 7
days.

A total of 551 patients underwent plastic surgery during the
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study period. Among 551 patients, 89 patients (16%) underwent
collaborative surgical management for polytrauma involving
plastic surgery and another department. Orthopedic surgery ac-
counted for the highest proportion of collaborations, followed by
neurosurgery and trauma surgery. Within the plastic surgery co-
hort, the male to female ratio was 1.6:1, and the mean age was
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Table 1. Patient demographics
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Table 2. Surgical details

Characteristic Value Characteristic Value
Total 551 Plastic surgery 551
Sex (male:female) 340:211 Facial surgery 226 (100)
Age (yr) 45.1+12.7 (5-83) Nasal bone fracture 52 (23)
Follow-up (mo) 24.3+7.1 (5-59) Blow-out fracture 36 (16)
Etiology 551 Zygomatic fracture 31 (14)
Vehicle accident 314 (57) Mandible fracture 17 (8)
Fall from height 94 (17) Frontal sinus fracture 10 (4)
Work-associated injury 75 (14) Concomitant fractures 62 (27)
Assault 38(7) Soft tissue injury without fracture 18 (8)
Others 30 (5) Hand surgery 198 (100)
Injured area Fracture 44 (22)
Face 226 (41) Tendon surgery 42 (21)
Hand 198 (36) Vessel surgery 28 (14)
Lower extremity 72 (13) Nerve surgery 14 (7)
Trunk 11(2) Concomitant surgery including replantation 70 (35)
Others 44 (8) Microsurgery except for hand 38
Injury characteristics Others (e.g., deep laceration requiring exploration, 89
Cllosed freinme 152 (55) burn, complicated wound)
Open fracture 118 (25) Operation time (hr) 1.2+0.4
Incomplete/complete amputation 52 (9) Hospital stay (day) 6.3£5.3
Soft tissue injury without fracture 229 (42) Time from injury to surgery (day) 2.313.1
Deep laceration requiring surgery 140 (25) Collaboration with other surgery departments 89 (100)
BT 57 (10) Orthopedic surgery 21 (24)
Infected wound 32(6) Neurosurgery 10 (11)
Values are presented as number, mean+standard deviation, or num- Trauma surgery 6(7)
ber (%). More than two surgery departments 52 (58)

pulsation

Open injury which

Values are presented as number, number (%), or meantstandard de-

viation.

Hospitalized trauma patients involving
plastic surgery

need microsurgery

- Replantation
« Avulsion or crushing
injury without distal

Surgery in 12 hours

Open wound No open wound

+ Open fracture
« Tendon, nerve, vessel

injury

+ (Clean but severe wound
(e.g, stab wound)
- Dirty wound

« Closed fracture

Surgery in 24

hours Surgery in 7 days

Fig. 3. Summary of the workflow applied by plastic surgery.
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45.1 years (range, 5-83 years). The most frequent mechanisms of
injury were vehicle accidents (314 patients, 57%), followed by
falls from a height (94 patients, 17%), and work-related trauma
(75 patients, 14%). The mean ISS of the plastic surgery patients
was 8.4.

Facial trauma was the most common anatomical area operated
on, and hand trauma surgery represented the second most fre-
quent anatomical area treated with plastic surgery. The majority
of the facial traumas were concomitant injuries, followed by nasal
bone fractures, blow-out fractures, zygomatic fractures, soft-tis-
sue injuries without fractures, mandible fractures, and frontal si-
nus fractures. The majority of the hand traumas were also con-
comitant injuries, followed by fractures and soft-tissue injuries
such as tendon, nerve, and vessel injuries. Microsurgery in an
area other than the hand was needed in 7% of patients after re-

covery.

DISCUSSION

Trauma care is a prototypical example of a multidisciplinary
team effort in which surgeons provide leadership. Trauma sur-
gery, neurosurgery, and orthopedic surgery have been regarded
as core disciplines. The comprehensive management of critically
injured patients is demanded in high-level trauma centers. How-
ever, the pivotal role of the plastic surgeon warrants recognition
[3]. The role of the plastic surgeon in cosmetic procedures is well
understood by the public and the medical profession. However,
the role of plastic surgery in traumatology is not well known.

In traumatology, the role of plastic surgery lies in facial and
hand trauma, as well as trauma requiring vessel anastomosis us-
ing microsurgery. Furthermore, the role of plastic surgery in re-
construction using skin grafts, local flaps, and free flaps is also
important for severe trauma patients after recovery. This study
demonstrated that the scope of plastic surgery amenable to care
by plastic surgeons extended well beyond these boundaries. To a
large extent, this is afforded by the training that occurs in both
soft-tissue surgery and osteosynthesis in programs with strong
plastic and reconstructive foundations. The tremendous flexibili-
ty of the specialty afforded by this training allows for overlap and
interactions with a number of other surgical specialties. This
overlap can be capitalized on both by working in conjunction
with other surgical services and by using plastic surgeons to
cross-cover for other surgical specialties where a surgeon short-
age exists [3].

Traumatic injuries significantly affect patients socially, func-
tionally, and financially. It is estimated that the work-loss costs for
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the survivors of traumatic injuries amount to $167 billion annu-
ally in the United States alone [6]. There is growing evidence that
the victims of traumatic injuries experience reduced quality of
life, poor psychosocial outcomes, limitations in the activities of
daily living, chronic pain, and psychological disturbances [7,8].
In particular, patients with facial injuries represent a subset of the
entire trauma population that may be at increased risk for worse
long-term outcomes due to the nature of their injuries [9]. The
face plays an important role in human interactions and in com-
municating intentions and emotions, and it is closely tied to our
sense of identity and self-worth [9,10]. Injuries within the scope
of plastic surgery are usually not life-threatening [4]. However,
injuries related to plastic surgery may result in considerable dis-
abilities and diminished quality of life [4]. In addition, functional
recovery following severe hand trauma is essential in daily life.

This study was a retrospective assessment of the annual treat-
ment in 5,712 trauma patients at a tertiary hospital. In this study,
plastic surgery operative input was required in at least 35% of
major trauma patients undergoing hospitalization. In recent
years, multidisciplinary team efforts involving trauma surgery,
orthopedic surgery, neurosurgery, cardiac surgery, plastic sur-
gery, and critical care teams have provided leadership in this
high-level trauma center in southwest Seoul. The trauma coordi-
nators have meetings every week and discuss all patients with an
ISS of more than 9, as well as polytrauma patients.

The Korea University Medical Center is a Ministry of Health
and Welfare-verified regional trauma medical center with a pedi-
atric commitment. It serves as a key resource facility in a regional
trauma system implemented in 2012. Until 1983, Korea Universi-
ty Guro Hospital provided severe trauma coverage on a contrac-
tual basis. Guro Industrial Corporation was located near Korea
University Guro Hospital and many severe trauma patients from
its factories were referred to Korea University Guro Hospital.
Historically, the first full-time plastic surgeon was assigned to
Korea University Guro Hospital in 1983, and more than 500 fin-
ger replantation and thousands of hand traumas were surgically
managed, particularly by plastic surgeons.

Since polytrauma management requires knowledge of the
complex spectrum of medical management as well as surgical
treatment, it necessitates collaboration and partnership between
multiple departments. The collaboration between plastic surgery
and other departments facilitates the elaboration of comprehen-
sive therapeutic plans and helps to determine the timing of sur-
gery and the appropriate management of severe trauma patients.
In patients with severe trauma due to falls from a height and ve-
hicle accidents, complex traumatic lesions are frequent and a
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multidisciplinary approach to treat polytrauma patients is need-
ed. To enhance the specialization of a high-level trauma center,
identification of even minor trauma and the proper management
thereof are essential.

The orthopedic-plastic partnership also led to a reduction of
67% in the number of surgical debridements and decreased hos-
pital stays by 79%, which represented a major economic advan-
tage [11]. A multicenter prospective study including 545 patients
was conducted to increase the quality of life and decrease the
costs of complex lower limb trauma management [12]. Another
multicenter study reported a statistically significantly higher risk
of infections in cases with solely orthopedic treatment of open
fractures. In contrast, the consolidation duration was significant-
ly shorter in cases involving “ortho-plastic” collaboration [13].
Surgical debridement, bone fixation, and flap coverage may be
required in severe trauma patients with open fractures of the up-
per and lower extremities. After bone fixation by orthopedic sur-
geons, appropriate wound management and flap coverage may
be performed by plastic surgeons. In this context, the plastic sur-
geon is no longer merely an occasional actor dedicated to cutane-
ous covering alone, but a key team member participating from
admission onwards in the elaboration of therapeutic strategies.
Thus, the creation of networks for the rapid treatment of patients
with complex injuries in specialized trauma centers is of para-
mount importance for severe trauma patients after recovery.

This study clearly defined the need for trauma and plastic sur-
geons to operate in major trauma centers. The unique capability
of plastic surgeons lies in providing resuscitative surgical tech-
niques while also maintaining long-term perspectives on plastic
and reconstructive surgery. In addition, their capabilities will un-
doubtedly improve patient outcomes by encouraging a conserva-
tive and pragmatic approach to trauma and wound management
[1]. The authors suggest that each plastic surgery department
serving in an REMC should include surgeons with skills relevant
to the types of injuries presented, including head and neck sur-
geons, extremity trauma surgeons, and access to reconstructive
surgeons. Because of the necessarily multidisciplinary nature of
most major trauma work, plastic surgeons supporting major
trauma centers should also be familiar and comfortable with
working closely with related surgical and medical specialties, as
well as allied healthcare professionals [5].

The primary limitation of this study is its retrospective nature.
Another limitation of this study is that it was a monocentric
study. A multicenter, prospective extension of this study would
bring more scientific value. However, this would require continu-
ous efforts at all research centers, which can increase long-term
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bias due to nonreported cases. In addition, patients admitted via
outpatient clinics were not included in this study. Therefore, the
number of trauma patients may have been higher, even though
there was no difference in the ratio of plastic surgery patients to
total trauma patients.

Despite these limitations, we performed this epidemiological
study to investigate the specialty of plastic surgery and its role in
the multidisciplinary team of a high-level trauma center. These
results can be helpful in establishment of treatment strategies in
polytrauma patients involving plastic surgery because plastic sur-
gery patients often need collaboration with other surgical depart-
ments. Although this epidemiological study of plastic surgery in
traumatology is not comprehensive enough to ensure the preven-
tion of trauma, this study specifically analyzed the role and treat-
ment plan of plastic surgery among trauma physicians belonging
to various departments. Although a further multicenter large-
scale study is required, this study may provide useful information
for physicians engaged in the assessment of plastic surgery pa-
tients.

In conclusion, plastic surgery may make a substantial contri-
bution to major trauma surgical treatment, and the majority of
this workload was found to be related to facial and hand trauma
and injuries requiring microsurgery in a high-level trauma cen-
ter. Recognition of the volume and nature of plastic surgery in a
trauma center is vital for ensuring the provision of an adequate
and relevant workforce and guiding service designs to achieve
the best outcomes for high-level trauma centers. The diagnostic
and treatment protocols of plastic surgery in polytrauma patients
should be appropriate. Both these factors and sufficient experi-
ence support good results and low complication rates. A multi-
disciplinary approach for polytrauma patients may reduce the
complication rate, and the current guidelines and workflow may

contribute to improving patient safety and treatment outcomes.
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