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ARTICLE INFO ABSTRACT

Keywords: Background: Although the Hybrid Emergency Room System (HERS) is a relatively novel method

Gunshot for treating severe trauma patients, there have been few reported cases of gunshot wound patients

GSW treated in HERS. Here we report our treatment of a unique gunshot wound case, with shock, in a

;F\;aRu(x;lTa HERS setting.

Hyb_ri Q-ER Case presentation: A 72-year-old male was transferred to our hospital due to a gunshot wound
(GSW). He presented with left chest injuries and vital signs consistent with shock. While resus-
citating the patient, including massive blood transfusion and surgery to control the damage, a
subsequent computed tomography in HERS revealed the internal distribution of the birdshot and
damage to the abdominal organs. Lower lobectomy of the left lung and laparotomy for gastro-
intestinal repair were performed. After a planned repeat operation and reconstruction of the left
chest wall, he was discharged uneventfully.
Conclusions: HERS during resuscitation was useful for helping clinicians not only to find the
bullets' distribution and judge the severity of injury caused by the gunshot, but also to develop
subsequent therapeutic strategies for rescuing the gunshot wound patient from a life-threatening
situation.

Background

The Hybrid Emergency Room System (HERS), which allows clinicians to perform all life-saving procedures (including whole-body
computed tomography (CT) examination, damage control surgery, and transcatheter arterial embolization by interventional radi-
ology) on the same table without transferring patients, is a useful system for rescuing patients with severe life-threatening injuries [1].
Use of this system is expanding in emergency medicine departments throughout Japan, and, to date, is included in more than twenty
hospitals. The efficacy of HERS has been demonstrated not only in severe blunt trauma cases, but also in cases where interventional
radiography or extracorporeal membrane oxygenation has been indicated [2-4]. Most severe trauma cases reported in Japan are
caused by a blunt mechanism, such as a motor vehicle accident or a fall from height. Penetrating trauma injuries in Japan are typically
knife stab wounds. Gunshot wounds are extremely rare in Japan, since gun control is strictly regulated by the government. Therefore,
little is known about the efficacy of HERS when treating gunshot wounds.

HERS has been installed in our center since 2018. The current case report is our experience using HERS to treat a birdshot patient
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with shock. HERS was useful in informing the attending clinicians and trauma surgeons of the projectiles' distribution in the abdominal
cavity, allowing for immediate minimum laparotomy and thoracotomy for multiple visceral injuries. We think our experience with this
unique case will help physicians who use HERS when encountering gunshot wound patients in the future.

Case presentation

A 72-year-old male was transported to our hospital in severe condition with a gunshot wound after a suicide attempt. He shot
himself in the left chest wall with birdshot. An emergency physician onboard the helicopter emergency medical service performed
endotracheal intubation and chest drainage tube insertion. On hospital arrival, the patient's vital signs were as follows; heart rate 140
bpm, blood pressure 48/15 mmHg, Glasgow coma scale E1IVTM4 under sedative drugs.

The patient's left thoracic wall was damaged severely, to the point of being destroyed (Fig. 1). Immediate thoracic exploration
revealed massive hemothorax, severe left lung injuries, multiple rib fractures, diaphragm injury, and diaphragmatic herniation into the
thoracic cavity. Neither cardiac nor pericardiac injury was found. The thoracic cavity and left lung were the main bleeding sites.
Therefore, to control massive hemorrhaging, partial resection of the left lung was performed using a linear stapler, as well as gauze
packing and administration of blood products, all in the hybrid emergency room. After his hemorrhaging was controlled and his vital
signs stabilized, a subsequent CT was performed while the patient was still in the emergency department, within 22 min of his arrival at
the hospital. The CT showed us the pellets' distribution in the abdominal cavity. Presumably, some pellets changed direction after
deflecting off the rib bones, resulting in damage to abdominal organs, including the spleen and gastrointestinal tract (Fig. 2). To repair
active intra-abdominal bleeding seen on the patient's CT scan, the patient was transported to the operating room, with placement of a
double lumen endotracheal tube, for definitive surgery to repair his ruptured gastrointestinal tract and resect his severely damaged
lung via thoracotomy/laparotomy. Subsequently, the patient underwent a thoracotomy for anatomical lower lobectomy of the left lung
and an upper median laparotomy for repairs of the gastrointestinal tract, spleen, and diaphragm, accompanied by transfusion of twenty
units of red blood cells and fresh frozen plasma. The next day, the patient's left chest wall was reconstructed by plastic surgeons. He was
discharged uneventfully, and transferred to a hospital for psychiatric illness on the 22nd day of hospitalization (Fig. 3).

Discussion

Gunshot wound patients present with a wide range of trauma severity. Similar to any type of injury, emergent surgical intervention
is required if the patients show life-threatening pathologies or are hemodynamically unstable. Delaying transport of hypotensive
gunshot patients with torso injuries to the operating room leads to increased mortality [5,6]. Diagnostic laparotomy should be
considered for patients without any identified or strongly suspected operative injuries, and non-operative management of appropri-
ately selected patients with selective use of CT may also be feasible [7]. However, mortality increases with time if the patients need
surgical control and repair [8]. Algorithms for management and evaluation of gunshot wounds recommend a rapid bedside survey of
patients, including X-ray (abdominal, pelvis, chest) and eFAST (extended Focused Assessment of Ultrasonography for Trauma), unless
patients present with hemodynamic instability, peritonitis, evisceration, hematemesis, gross blood per rectum, and austere setting [9].
While these examinations are safe and useful methods for detecting massive hemorrhaging, they are not as reliable for identifying the
location and severity of ongoing organ damage [10]. In the case reported here, the rupture of the patient's diaphragm caused a
pneumoperitoneum, inhibiting a thorough examination of his organ injuries by ultrasonography; physicians therefore were not able to
evaluate the location of damaged organs, the severity of the damage, or the amount of bleeding without a CT exam.

As an advanced evaluation, CT has a high sensitivity and specificity to detect the location of projectiles and their trajectories
[11,12]. Among hemodynamically stable gunshot wound patients, screening by CT scan is a beneficial method for evaluating organ
damage [13]. Since our CT findings revealed which specific organs were damaged in the abdominal cavity (the spleen and

Fig. 1. (Left) Left thoracic wall defect and multiple rib fractures caused by gunshot wound.
(Right) Chest X-ray after the operation.
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Fig. 2. Computed tomography revealed lung injury and abdominal visceral injuries.

0 min — Arrival at Hybrid ER
2min | Damage control Surgery
Thoracotomy, Partial resection of left lung, gauze packing,
Blood products, Resuscitation
22min  —CT
Placement of double-lumen endotracheal tube
63 min |—— Transported to OR, Definitive surgery
Left Lower Lung Lobectomy
Laparotomy, Gastrointestinal/Spleen repair
236 min  —— ICU admission
Next day [—— Chest wall reconstruction

Fig. 3. Timeline of this gunshot wound patients.

gastrointestinal tract), the trauma surgeon performed a minimal upper median incision, avoiding the extra trauma of an exploratory
laparotomy through a midline incision from xiphoid to pubis. Before HERS was introduced in our hospital, we developed a trauma
resuscitation protocol called “direct-in to operating room,” triggered by thoracic/abdominal visceral injuries with shock that need a
big incision, (a trauma incision) to explore the damaged organ. In most stab wound cases, the trajectory of the knife is simple and
predictable, precluding the need for CT evaluation in favor of local wound exploration via laparotomy [14]. However, gunshot
wounds, especially by shotgun, cause complicated injuries. Detecting each pellets' location is difficult and time consuming. In our case,
use of CT in the HERS identified the specific injuries to the patient's viscera, making it possible to perform definitive surgery soon after
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his arrival to the hospital.

One of the most valuable aspects of HERS is to allow clinicians to perform CT evaluation even in the middle of resuscitation.
Traditionally, Advanced Trauma Life Support protocols recommend CT evaluation after a primary survey for hemodynamically stable
patients [15]. However, HERS can be applied as a part of the primary survey in an advanced strategy against trauma cases [1]. In this
case, HERS helped us rescue a patient with multiple risk factors from a nearly-lethal gunshot wound by rapidly diagnosing his thoracic/
abdominal visceral injuries via a whole body CT, followed by immediate repair of his injuries by thoracotomy and minimum lapa-
rotomy procedures [16]. Use of the HERS protocol for trauma patients in our medical center is limited to resuscitative damage control
surgery in the hybrid emergency room due to limited space and equipment, while patients who need definitive surgery, including
gastrointestinal repair and anatomical lobectomy, are transported to the operating room. The CT evaluation of our gunshot wound
patient showed active bleeding in both the thoracic or peritoneal cavities, which, after a brief discussion of strategy, led to him being
safely transported to the operating room for gastrointestinal repair and lung lobectomy.

HERS has been developed in Japan, where gun possession is prohibited by law. Due to Japan's prolonged period of peace, Japanese
emergency physicians, including trauma surgeons, have not been exposed to a sufficient number of gunshot cases [17]. Therefore, this
is the first reported case of a gunshot wound patient being treated in HERS. As HERS is introduced to more hospitals and more widely
used, a definitive workflow for treating gunshot wound patients in HERS will need to be established and refined, which will further
improve our ability to effectively treat a wider variety of patient scenarios. We are convinced that the current report will help phy-
sicians treat gunshot wound patients more efficiently and effectively in countries where this type of trauma occurs more frequently.

Conclusions

In our current case report, CT evaluation of a gunshot wound patient during a primary survey using HERS provided surgeons with
precise positions of the pellets, helping them quickly decide on a therapeutic strategy, such as resuscitative thoracotomy or lapa-
rotomy. Our use of HERS was valuable in rescuing a patient with life-threatening injuries.
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