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Background: Many invasive procedures performed in the emergency room (ER) have potential risks
and complications. Because of their limitations, in particular size, portable X-ray devices are generally
not used during such procedures. However, miniaturized units enable physicians to obtain X-ray im-
ages without assistance.

Methods: We developed a safe, compact, and lightweight X-ray unit that was used during five invasive
procedures in the ER. In all procedures, a chest X-ray image was obtained, to confirm the utility of the
unit.

Results: Case 1 (central venous catheter placement): After needle and guidewire insertion and catheter
placement, the location of the catheter could be confirmed. Case 2 (chest tube insertion): During inser-
tion of a chest tube into the pleural space, the tip of the thoracic tube was confirmed to be at the correct
location. Case 3 (percutaneous tracheostomy or cricothyroidotomy): After needle and guidewire inser-
tion, the guidewire was visualized in the right main bronchus and was inserted into the trachea. Case 4
(resuscitative endovascular aortic balloon of the aorta): The captured image revealed that the catheter
was located in zone I before balloon inflation. Case 5 (Sengstaken-Blakemore tube): The image revealed
that the balloon was located in the stomach.

Conclusions: The portable X-ray unit improved medical safety during invasive procedures frequently
performed in the ER. (J Nippon Med Sch 2022; 89: 555-561)
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Introduction
Critically ill patients, regardless of status, are first trans-
ferred to the emergency room (ER) for diagnosis and re-
suscitation. Many invasive ER procedures performed for
such patients are associated with potential risks, includ-
ing post-procedural complications'”. Intraprocedural im-
aging, such as ultrasonography and fluoroscopy, has re-
duced the incidences of some complications. However,
patients must be transported to the fluoroscopy room. In
addition, because ultrasound waves can be disrupted by

air and gas and do not penetrate deeply, some areas can-

not be visualized. Although intraprocedural radiology
does not require patients to be moved and can capture
images from areas that cannot be visualized with ultra-
sound, its use has been limited because of the size of
conventional devices and the need for technicians.
Portable X-ray devices have become increasingly mini-
aturized, permitting physicians to obtain X-ray images
anywhere with ease'. Thus, intraprocedural X-ray de-
vices offer safety benefits during medical procedures.
However, little is known about the use of portable X-ray

devices during invasive procedures. We developed and
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Fig. 1
Photograph of the compact, lightweight X-ray unit and an-

other widely used portable X-ray device (Sirius 130 HP,
Hitachi, Tokyo, Japan). The compact and lightweight X-ray
unit comprises an X-ray tube (CALNEO Xair, Fujifilm Cor-
poration, Tokyo, Japan), laptop computer, and flat panel
detector (CALNEO Smart, Fujifilm Corporation, Tokyo, Ja-
pan).

assessed the safety of a compact, lightweight X-ray de-
vice and report its utility for frequently performed inva-

sive procedures in the ER.

Materials and Methods

Setting

This study was conducted in a single center and was
approved by the Ethics Committee of Nippon Medical
School Hospital, Japan (30-09-993). In Japan, only doctors
and radiology technicians are authorized to operate X-
ray devices.

Medical Equipment

The compact, lightweight X-ray unit has been commer-
cialized and comprises three parts: an X-ray tube, weigh-
ing only 3.5 kg (CALNEO Xair, Fujifilm Corporation, To-
kyo, Japan); a laptop with which the operator controls
the functioning of the device; and a flat panel (CALNEO
Smart, Fujifilm Corporation, Tokyo, Japan) (Fig. 1). The
preset parameters were 90 kV and 0.5 mAs for the chest,
90kV and 2.5 mAs for the abdomen, and 70kV and 2
mAs for the extremities. Although conventional mobile
X-ray units require technical knowledge, such as kV and
mAs settings before examination, this X-ray unit is supe-
rior in terms of usability. This device has received mar-
keting approval from the Pharmaceuticals and Medical

Devices Agency of Japan.
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Procedures

In this study, chest radiographs were taken to confirm
the location of the catheter or tube tip during five fre-
quently performed invasive ER procedures. The proce-
dures were central venous catheter (CVC) (or peripher-
ally inserted central catheters) placement, chest tube in-
sertion, percutaneous tracheotomy (or cricothyroi-
dotomy), resuscitative endovascular balloon occlusion of
the aorta (REBOA), and Sengstaken-Blakemore (SB) tube
insertion.

While performing the procedure, a physician wearing
an X-ray radiation-protective apron placed the flat panel
detector of the unit under the patient and the X-ray tube
above. When the guidewire, catheter, or tube was in-
serted, the physician selected the radiation intensity,
pressed the relevant button, and immediately viewed the
image on the laptop screen. If the catheter and tube tips
were wrongly positioned, another X-ray image was taken

after repositioning.

Results

Case 1: CVC Placement

A 48-year-old woman was intubated and received me-
chanical ventilation after surgical clipping for a cerebral
aneurysm. The patient required CVC placement in the
right internal jugular vein. A physician set the X-ray de-
vices, an ultrasound device, and a flat panel detector un-
der the patient during preoperative preparation (Fig. 2).
When the needle and guidewire were inserted, a chest
radiograph showed the guidewire in the superior vena
cava (Fig. 3A). When the catheter was placed, a chest ra-
diograph showed that the catheter tip was in the correct
location (Fig. 3B).

Case 2: Chest Tube Insertion

A 70-year-old woman presenting with difficulty breath-
ing was diagnosed with congestive heart failure and bi-
lateral pleural effusion. The effusion was drained because
oxygen was required to maintain a percutaneous satura-
tion of over 90%. During insertion of the chest tube into
the pleural space, an intraoperative chest radiograph con-
firmed that the tip of the thoracic tube had reached the
correct location (Fig. 4).

Case 3: Percutaneous Tracheostomy

A 60-year-old man diagnosed with intracerebral hema-
toma was intubated and received mechanical ventilation.
A tracheostomy was required for prolonged endotracheal
intubation. A Pean clamp forceps was placed at the inser-
tion site, and a chest radiograph was taken. Forceps were

used to determine the position of the tip of the intuba-
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tion tube in relation to the insertion site (Fig. 5A). The in-
tubation tube was withdrawn by 3.5 cm because there
was a 3-cm gap between the tip of the intubation tube
and insertion site (Fig. 5B). When the needle and
guidewire were inserted, an intraoperative chest radio-
graph confirmed the presence of the guidewire in the
right main bronchus (Fig. 5C). After adequate dilatation,
the dilator was removed, and a tracheostomy tube was
inserted into the trachea above the guiding catheter.

Case 4: REBOA

A 70-year-old man was transported to the ER after a

Fig. 2
Setting for the compact, lightweight X-ray unit and ultra-
sonography device. A physician positions the X-ray unit,
ultrasound device, and flat panel detector under the pa-
tient during preoperative preparation.

traffic accident. Computed tomography (CT) revealed
splenic and renal hemorrhage and pelvic fracture. The
patient’s blood pressure decreased after the CT scan. A
REBOA catheter was inserted and advanced into the
aorta, after which a 7-French introducer sheath was in-
serted through the right femoral artery. An intraoperative
chest radiograph revealed the REBOA catheter in zone I
extending from the origin of the left subclavian artery to
the celiac artery before balloon inflation (Fig. 6). After

balloon inflation, the patient’s blood pressure increased,

Fig. 4
Chest tube insertion. Chest X-ray image showing bilateral
pleural effusion. The tip of the chest tube (arrowhead) is
located at the left apical pulmonary lesion.

Fig. 3
Central venous catheter placement. (A) Chest X-ray image showing the tip of the guidewire (ar-
rowhead) in the superior vena cava. (B) Chest X-ray image showing the catheter tip (arrowhead)
in the superior vena cava.
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Percutaneous tracheostomy. (A) Image showing a distance of 3 cm between the tip of endotracheal tube and

Pean clamp forceps. (B) Image showing the location of the tip of the endotracheal tube in relation to the Pean

clamp forceps after withdrawing the endotracheal tube by 3.5 cm. (C) Chest X-ray image showing the guidewire

in the right main bronchus.

Fig. 6
Resuscitative endovascular balloon occlusion of the aorta.

Chest X-ray image showing the tip of the resuscitative en-
dovascular balloon occlusion of the aorta catheter (arrow-
head) in zone 1.

and splenectomy could be performed.

Case 5: SB Tube Insertion

A 48-year-old man diagnosed with alcoholic cirrhosis
and esophageal varices presented with hematemesis and
was transferred to our hospital. He had hypotension and
anemia with a hemoglobin level of 3.1 g/dL. As it was
difficult to stop the bleeding with an endoscope, an SB

tube was inserted. After balloon inflation, an intraopera-
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Fig. 7
Sengstaken—-Blakemore (SB) tube insertion. Chest X-ray im-

age showing the balloon of the SB tube (arrowhead) in the
stomach.

tive chest radiograph showed that the balloon was lo-
cated in the stomach (Fig. 7). The SB tube was then
pulled, and the esophageal balloon was inflated. Subse-
quently, his blood pressure increased and hemoglobin
level normalized. On the next day, endoscopic variceal

ligation was performed successfully.
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Discussion

An intraprocedural visualization technique that uses a
compact, lightweight X-ray unit was used during five
frequently performed invasive procedures. Observations
from these case studies suggest that this technique re-
duces the risk of complications during invasive proce-
dures. Below, we review the complications of each proce-
dure and describe how a compact, lightweight X-ray unit
was useful for preventing complications.

CVC insertion: The safety and ease of procedures for
CVC insertion have improved. However, the rate of com-
plications for CVC insertion remains high. A retrospec-
tive cohort study reported an overall complication rate of
15%. The complications included failure to place the
catheter (22%), arterial puncture (5%), catheter malposi-
tion (4%), pneumothorax (1%), subcutaneous hematoma
(1%), hemothorax (<1%), and cardiac arrest (<1%).
Ultrasound-guided techniques have reduced the risk of
inadvertent arterial puncture (risk ratio [RR] 0.21, 95%
confidence interval [CI] 0.06 to 0.82; P = 0.02) and hema-
toma (RR 0.26, 95% CI 0.09 to 0.76; P = 0.01) for the sub-
clavian vein. However, ultrasound-guided techniques
cannot detect misplacement of the CVC or ensure place-
ment at the correct location. Fluoroscopy is often used
for insertion of peripherally inserted central catheters,
and a randomized controlled trial found that misposi-
tioning of the catheter tip was significantly less frequent
for fluoroscopy-guided technique than for blind bedside
technique’. An X-ray-guided technique, in contrast, might
avoid arrhythmias induced by overly deep insertion of
guidewires and catheters®. Moreover, this technique al-
lows physicians to spot abnormal findings, even in cases
of iatrogenic pneumothorax.

Chest tube insertion: Chest tube drains are indicated for
hemothorax, massive pleural effusion, large or progres-
sive pneumothorax, and postoperative management in
thoracic surgery. All intrathoracic organs, including the
lung, diaphragm, heart, large vessels, and esophagus, are
potentially at risk of injury during chest tube insertion.
Chest tube placement in the right ventricle, although
rare, is life-threatening. Early (<24 h after placement)
complications occurred in 3% and 8% of cases in a previ-
ous study’. Although point-of-care ultrasound during
tube insertion has reduced complications", it cannot con-
firm placement of the tip of the chest tube, which could
be placed at an inappropriate location, such as within the
interlobar space. Correct placement of the tip of the chest
tube can be confirmed with a compact, lightweight X-ray

unit.

J Nippon Med Sch 2022; 89 (5)

Percutaneous tracheostomy (or cricothyroidotomy): Per-
cutaneous tracheostomy was developed in 1985 and was
based on a modification of the Seldinger principles. The
advantages of this technique over surgical tracheostomy
are simplicity, a smaller skin incision, lower incidences of
wound infection and peristomal bleeding, and decreased

mortality after patient transfer' ™

. However, perioperative
complications of percutaneous tracheostomy include
paratracheal insertion, tracheal laceration, pneumothorax,
loss of airway, and hemorrhage'®. An X-ray-guided tech-
nique could assist in confirming the location of the tube
and guidewire during the procedure and paratracheal in-
sertion, thereby reducing the risk of tracheoesophageal
fistula. Additionally, although bronchoscopy might be
helpful for percutaneous tracheostomy”, it requires more
space and an operator. Hence, the compact and light-
weight X-ray unit could replace the bronchoscope. More-
over, our technique can be used for percutaneous tra-
cheostomy and cricothyroidotomy.

REBOA: REBOA is an alternative to aortic clamping by
thoracotomy for non-compressible torso hemorrhage and
is a tool for temporary hemostasis. Fluoroscopic or radio-
graphic confirmation of the position of the REBOA cathe-
ter when inflated is recommended. Actual and theoretical
risks include unintended placement in the aortic arch, re-
nal artery, zone II, or contralateral iliac artery”. A num-
ber of complications, such as aortic injury, ischemic in-
jury, arterial dissection, thrombosis, and embolic events,
have been reported””. Appropriate placement of the tip
of the REBOA catheter can be confirmed with the com-
pact, lightweight X-ray unit.

SB tube: Inflation of the gastric balloon outside the stom-
ach is associated with numerous major complications, in-
cluding airway obstruction, tracheal injury, esophageal

rupture, and jejunal rupture”™

. Although the position
can be confirmed by auscultation, the manufacturer rec-
ommends the use of fluoroscopy. However, rupture of
esophageal varices often results in shock due to massive
bleeding, and the patient may have difficulty moving.
Hence, the compact, lightweight X-ray unit may also be
useful for this procedure.

Reduction in Treatment Time

The present device has several potential advantages.
Physicians can obtain X-ray images without assistance as
soon as the patient presents to the hospital. At least, it re-
duces the time spent on contacting and traveling with
technicians. As an example, it took 8.0 min for the order-
ing (5.5 min) and traveling (2.5 min), for a total 22.7 min

from the time the examination was placed to time the X-
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ray films were uploaded to the picture archiving and
although

fluoroscopy-guided procedures can prevent complica-

communication system”. In addition,
tions, they require transferring the patient to the fluoros-
copy room’. A study of peripherally inserted central
catheters found that the average transfer time was ap-
proximately 26 min, which was similar to the procedure
time®. Our technique could be particularly useful for criti-
cally ill patients who cannot be safely transferred to the
fluoroscopy room.

Radiation Dose

A single chest X-ray results in an exposure to 0.02
mGy of radiation’, whereas fluoroscopy results in 20
mGy/min of radiation®. A total of 0.63 min is required to
insert a CVC by radiologists using fluoroscopy”, and pa-
tients are exposed to an average of 12 mGy of radiation
during fluoroscopy-assisted CVC insertion. Therefore, ra-
diation exposure during CVC insertion would be lower
with the compact X-ray technique than with fluoros-
copy”.

Limitations

This study has several limitations. First, no control
group was included in this study. Although it is plausi-
ble that increased visibility improves safety, it could not
be determined if the device contributed to safety. To our
knowledge, this method is straightforward and safe, but
difficulties may arise in the future. We were unable to
adequately investigate risk and troubleshooting. Second,
the study did not evaluate image quality. However, no X-
ray images were retaken because of poor quality. In addi-
tion, emergency physicians are unfamiliar with adjusting
the position of the flat panel detector. Hence, images
were sometimes not obtained. Use of a larger panel

might resolve this issue.

Conclusions
We developed a visualization technique that uses a com-
pact, lightweight X-ray unit for invasive procedures in
the ER. This technique appears to reduce the risk of com-

plications during such procedures.
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