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Abstract

Background: A novel trauma workflow system called the hybrid emergency room (Hybrid ER), which combines a
sliding CT scanner system with interventional radiology features (IVR-CT), was initially instituted in our emergency
department in 2011. Use of the Hybrid ER enables CT diagnosis and emergency therapeutic interventions with-
out transferring the patient to another room. We describe an illustrative case of severe multiple blunt trauma that
included injuries to the brain and torso to highlight the ability to perform multiple procedures in the Hybrid ER.

Case presentation: A 46-year-old man sustained multiple injuries after falling from height. An early CT scan per-
formed in the Hybrid ER revealed grade llla thoracic aortic injury, left lung contusion, and right subdural haematoma
and subarachnoid haemorrhage. Without relocating the patient, all definitive procedures, including trepanation, total
pneumonectomy, and thoracic endovascular aneurysm repair were performed in the Hybrid ER. At 5.72 h after defini-
tive surgery was begun, the patient was transferred to the intensive care unit.

Conclusions: The Hybrid ER has the potential to facilitate the performance of multiple definitive procedures in com-
bination to treat severe multiple blunt trauma including injuries to the brain and torso. Emergency departments with

more than one resuscitation room would benefit from a Hybrid ER to treat complex emergency cases.

Keywords: Hybrid emergency room (Hybrid ER), Thoracic endovascular aneurysm repair (TEVAR), Intracranial
pressure (ICP), Cerebral perfusion pressure, Traumatic brain injury

Background

A novel trauma workflow system comprising a sliding
CT scanner system with interventional radiology features
(IVR-CT), which we call the Hybrid emergency room
(Hybrid ER), was installed in our hospital’s emergency
department (Fig. 1) [1]. Use of the Hybrid ER enables
emergency procedures, including damage control sur-
gery and endovascular intervention after CT diagnosis,
to be performed without transferring the patient to the
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CT suite, radiology department, or the operating room.
It was previously reported in a retrospective cohort study
that trauma workflow in the Hybrid ER may improve
survival in patients with severe trauma [2]. Presently,
11 trauma centres have installed a Hybrid ER in Japan
[3]. Hybrid ER use reportedly has also allowed safe and
prompt initiation of other procedures such as extracor-
poreal membrane oxygenation [4].

Preventable trauma deaths are defined as those in
which significant delays occur before exsanguinating
haemorrhage is controlled [5]. Therapeutic procedures
and diagnostic evaluation must be concomitantly per-
formed by a multidisciplinary team [6]. Time is crucial in
the successful early management of the multiple trauma
patient [7]. The Hybrid ER has the potential to resolve the
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Fig. 1 Photograph showing our IVR-CT system in the Hybrid ER
(Aquilion PRIME, TSX-303B; Toshiba Medical Systems Corp., Tochigi,
Japan). All life-saving procedures including airway management,
emergency surgery, and transarterial embolization can be performed
on the table without relocating the patient. a Sliding CT scanner

with the two rows of rails on the floor, b CT examination and
intervention table, ¢ moveable C-arm, d 56-inch monitor screen,

e ultrasonography equipment, and f mechanical ventilator. Unlike
the usual CT scanner, after the patient is positioned on the CT
examination and intervention table, the CT scanner moves to the
table on rails with the table fixed. We use the room next to the Hybrid
ER for surgical instrument storage and bring only what we need

for the surgery into the Hybrid ER. The ventilator is located on the
foot side of the trauma table. The blood refrigerator is located in the
intensive care unit near the Hybrid ER. When an anaesthesiologist
performs inhalation anaesthesia, the anaesthesia machine is located
near the head side of the trauma table. Because the sliding CT
scanner is moved to the adjacent CT suite after the CT scan, adequate
space is available near the head side of the trauma table

time delay to CT scanning and definitive therapy. Here,
this is an illustrative case of severe multiple blunt trauma
treated by a combination of total pneumonectomy, tho-
racic endovascular aneurysm repair (TEVAR), and
trepanation for subdural haematoma (SDH) along with
intracranial pressure (ICP) monitoring in the Hybrid ER.

Case presentation

A 46-year-old man sustained multiple injuries after
falling from height while working. He was previously
healthy and without comorbidities. An emergency phy-
sician intubated him on the scene due to consciousness
disorder. The patient’s vital signs on arrival were Glas-
gow Coma Scale, 3; blood pressure, 93/85 mmHg; pulse
rate, 156/min; respiratory rate, 22/min; and pulse oxi-
metry of 99% at a FIO, of 1.0 while intubated. Physical
examination revealed subcutaneous emphysema over
the left chest. A chest tube was inserted for left tension
pneumothorax, and a large amount of air and bloody
pleural effusion was drained. Thereafter, his blood pres-
sure improved to 102/87 mmHg, but his pulse rate was
still over 150/min. Although the patient was not hemo-
dynamically stable, the CT scanner in the Hybrid ER
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was available. 6 min after admission, a CT examina-
tion was begun using the sliding CT scanner with the
patient on the same trauma table without relocating
him (Fig. 2a). CT revealed a grade IIla thoracic aortic
injury with pseudoaneurysm, left lung contusion with
contrast agent leakage, left multiple rib fractures and
haemopneumothorax, and right SDH and subarach-
noid haemorrhage (SAH) with brain swelling (Fig. 3).
Generally, when treating a severely traumatised patient,
torso haemostasis is given priority over the treatment
of brain injury. However, the CT findings in this patient
indicated that treatment for brain injury had the high-
est priority. At 38 min after admission, the SDH was
punctured and an ICP of approximately 10 mmHg was
measured (Fig. 2b). Following this surgery, the amount
of air and bloody pleural effusion had clearly increased.
In addition to CT findings of contrast agent leakage in
the left lung contusion, and as bloody sputum was suc-
tioned from the tracheal tube, we determined that a left
lung injury was likely the primary source of bleeding.
Thus, one minute after trepanation for SDH was com-
pleted, left thoracotomy was performed, again without
relocating the patient (Fig. 2c). The upper left lobe of
the lung was resected as this was the main source of
bleeding. However, bleeding from the hilum persisted,
which led to the performance of TEVAR for a probable
aortic injury (Fig. 2d). Sixteen minutes after the thor-
acotomy was completed, TEVAR was initiated, with
access for the delivery device obtained via the right
femoral artery. A grade Illa thoracic pseudoaneurysm
of 13 mm in diameter was located at the isthmus of the
aorta. As the left subclavian artery was near the isthmus
injury, the stent graft was deployed to extend between
the aortic arch and descending aorta, which covered
the left subclavian artery, to obtain an adequate proxi-
mal landing zone. The proximal end of the stent graft
was positioned 6 mm from the left carotid artery, which
was preserved. Following these procedures, which the
patient tolerated well, another CT scan was performed
without relocating the patient and showed no signs of
worsening brain injury. Because the amount of bloody
pleural effusion continued to increase, repeat left thor-
acotomy revealed bleeding from the left lower lobe,
which was subsequently resected. Thirty units each of
whole blood and fresh frozen plasma and 10 units of
platelets were transfused. At 5.72 h after initiation of
the definitive surgeries and completion of all proce-
dures in the Hybrid ER, the patient was transferred to
the intensive care unit.

Decompressive craniectomy on postoperative day 2
and decompressive brain resection on postoperative day
3 were performed for refractory intracranial hyperten-
sion. The patient’s Injury Severity Score was 54, Revised
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Fig. 2 Timeline indicating the time of initiation of CT scanning and emergency procedures, including damage control surgery and endovascular
intervention, in the Hybrid ER. The black arrow indicates the time required for preparation until initiation of the next procedure. Photograph a
showing early CT examination performed by the sliding CT scanner on the same trauma table. Photograph b showing trepanation and ICP sensor
placement for SDH and SAH performed by one brain surgeon. Photograph ¢ showing thoracotomy for left lobe resection performed by three
chest surgeons. Photograph d showing TEVAR for thoracic aorta injury performed by four vascular surgeons. These procedures were performed
sequentially at different times. During surgeries, at least two emergency physicians always perform anaesthesia management. ER and trauma
physicians can also perform cardiorespiratory management and administer anaesthesia while the others are engaged in surgery. The sliding CT
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Trauma Score was 4.09, and the probability of survival by
the Trauma and Injury Severity Score method was 16.

A tracheotomy was performed on postoperative day 13,
and he was weaned off mechanical ventilation on postop-
erative day 14. After undergoing in-patient rehabilitation,
he was transferred to another hospital for rehabilitation
in postoperative month 5 with a Glasgow outcome scale
of 4. At the transfer to the nursing facility, he no longer
required mechanical ventilation.

Discussion and conclusions

Whole-body computed tomography (WBCT) is impor-
tant in the early diagnostic phase of trauma care, and
its benefits for patient survival have been suggested by
several studies [8, 9]. CT performed before emergency
bleeding control might reduce mortality, especially in
haemodynamically unstable patients and severe trauma
patients with a Trauma and Injury Severity Score prob-
ability of survival of <50% [10]. Several studies reported
that CT installed in the ER has become important for
early diagnosis in trauma care [11-13]. Although this

concept improves the disadvantage of delayed CT diag-
nosis, patient transfer to the operating room or the angi-
ography room remain as problems requiring resolution.
Therefore, we implemented a novel concept called the
Hybrid ER that comprises a sliding CT scanner system
with IVR features whose use enables early CT diagnosis
and emergency therapeutic intervention without relocat-
ing the patient (Fig. 1).

Severe multiple trauma is often associated with lung
injury and presents with a wide spectrum of severity [14].
Blunt thoracic trauma and structural damage to vital
organs within the thoracic region substantially influence
morbidity and mortality in multiple trauma patients [15].
Among deaths in severely injured patients, 20 to 25% are
attributed to chest injury [16, 17]. In addition, pulmonary
contusion is present in 29% of patients with traumatic
brain injury (TBI) [18]. Chest trauma resulting in hypox-
emia, constituting a secondary insult, may be the leading
cause that aggravates TBI [19].

Control of the present patient’s haemodynamics and
cerebral perfusion was potentially difficult because the
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Fig. 3 Cranial and thoracic CT images. a Right SDH and SAH with brain swelling. b Thoracic aorta injury with pseudoaneurysm indicated by the
blue arrow. c Left lung contusion with contrast agent leakage indicated by the blue arrow

severe lung contusion could lead to haemorrhagic shock,
the blunt thoracic aortic injury would require control
of blood pressure to prevent rupture of the pseudoa-
neurysm, and TBI would require an optimal cerebral
perfusion pressure (CPP) for neuroprotective therapy.
In severe TBI patients, the main aim of intensive care
management is to prevent secondary injury [20], and
central to this is the control of ICP and maintenance of
an adequate CPP [21]. Thus, the trauma team initiated
ICP monitoring and maintenance of the CPP level first,
treated the lung injury to control thoracic haemorrhage
second, and performed TEVAR as the third step.

This patient required determination of treatment pri-
ority and performance of damage control surgery and
endovascular intervention for the thoracic injuries and
management of TBI in adequate order without wast-
ing time. Use of the Hybrid ER allowed multiple emer-
gency bleeding controls to be applied in more than one
body region of a patient. Kinoshita et al. suggested that
concurrent performance of bleeding control procedures
and ICP monitoring would be feasible in Hybrid ER set-
tings for multiple trauma patients with exsanguinating

haemorrhage and TBI [22]. Because use of the Hybrid
ER allowed CT examinations before intervention, except
when cardiac arrest was imminent, this trauma work-
flow was actually realised in our patient. According to
the ATLS algorithm, patient resuscitation has priority
over advanced diagnostic procedures including CT scan-
ning [23]. When hemodynamically unstable, the patient
is examined clinically and undergoes conventional radi-
ography, ultrasonography, and emergency surgery before
CT scanning. Even if the patient is not hemodynamically
stable, workflow in the Hybrid ER permits the perfor-
mance of WBCT and determination of the priority of
definitive procedures for severe injuries including TBI.
However, if CT scanning is not available to determine the
reason for hemodynamical instability, we perform emer-
gency surgery and intervention before the CT scan.

To our knowledge, few cases of multiple severe tho-
racic injuries and TBI require a combination of IVR
procedures and invasive surgical interventions in the
emergency department. The good outcome in the pre-
sent patient may have been obtained by safely intro-
ducing appropriate therapies to treat his multiple
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lethal injuries in the Hybrid ER. The disadvantage of
the Hybrid ER is that the room might be occupied for
a long time when performing multiple definitive pro-
cedures on one severely injured patient, and this could
affect the efficacy of other in/outpatient workflow. In
2017, we installed a new CT suite with a radiolucent
table next to the Hybrid ER [24]. These two rooms are
separated by a moveable door, and the sliding CT scan-
ner can be moved between these two rooms depending
on need. When emergency surgery or IVR procedures
are performed in the Hybrid ER, the sliding CT scan-
ner is moved to the new CT suite, where CT scanning
of another in/outpatient can be done. The emergency
department has two conventional resuscitation rooms
next to the Hybrid ER in which emergency surgery
can be performed on other patients. We have not yet
treated an adequate number of patients with multi-
ple severe injuries to the brain and torso to clarify the
safety of performing multiple treatments in the Hybrid
ER. If the sophistication of the trauma teams can be
improved, some procedures could be performed simul-
taneously or overlap during other surgery. Our goal is
to establish a well-trained trauma team that can per-
form multiple procedures simultaneously or overlap
them in the Hybrid ER. To further reveal the efficiency
of the Hybrid ER system, additional cases in which
definitive interventions were performed need to be
collected and evaluated. A protocol for patient selec-
tion for admittance to the Hybrid ER or conventional
resuscitation room that improves the efficacy of other
in/outpatient workflow is also required. The Hybrid ER
has the potential to facilitate the performance of multi-
ple definitive procedures in combination to treat severe
multiple blunt trauma including injuries to the brain
and torso.
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