
133© Springer Nature Singapore Pte Ltd. 2019 
S.-K. Hong et al. (eds.), Primary Management of Polytrauma, 
https://doi.org/10.1007/978-981-10-5529-4_9

The Role of Radiology in Trauma 
Patients

Gil-Sun Hong and Choong Wook Lee

By providing rapid and broad surveys, radiologic 
imaging is an essential tool in modern medicine for 
the evaluation of trauma patients. Radiologic imag-
ing may inform clinical diagnosis and the develop-
ment of treatment strategies such as operation, 
angiointerventions, or conservative treatment.

Imaging modalities such as X-ray, ultrasonogra-
phy (USG), computed tomography (CT), and mag-
netic resonance imaging (MRI) have unique 
advantages and disadvantages in the evaluation of 
trauma patients. Imaging strategies regarding when 
and which modalities are used depend on the prox-
imity to the imaging facility, the availability of qual-
ified imaging technicians to manage severely injured 
patients, and the presence of radiology experts to 
adjust imaging protocols according to individual 
cases, make interpretations, and provide reports. 
Generally, X-ray and USG can be used at the bed-
side of severely injured patients, even those with 
hemodynamically unstable conditions. CT offers 

objective findings of internal organ injury with a 
reasonable imaging acquisition time. MRI can be 
used for the evaluation of spinal cord, brain, or soft 
tissue injuries but is limited because of its long 
acquisition time and devices that can be affected by 
magnetic fields. Trauma clinicians should be aware 
of the merits and limitations of imaging modalities 
and provide proper imaging work-up.

This chapter discusses the general principals 
of radiologic imaging and the clinical application 
of each imaging modality based on the guidelines 
and recommendations.

9.1	 �General Principals 
of Imaging

	1.	 Trauma surgeons need to know the merits and 
limitations of each radiologic imaging modal-
ity (Table 9.1).
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Table 9.1  Characteristics of imaging modalities

Accessibility Sensitivity Objectivity Radiation Time
X-ray +++ (Portable) + ++ ++ Minutes
USG +++ (Portable) ++ + none Variable*
CT + +++ +++ +++ < 10 min
MRI +++ +++ none > 20 min

*depend on operator
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	2.	 Portable X-ray and USG should be available 
in the resuscitation room.

	3.	 Patient stay in the CT room should be as short 
as possible.
	(a)	 The CT room must be located near the 

resuscitation room.
	(b)	 The CT room must be emptied before 

patient arrival.
	(c)	 Trauma surgeons and imaging technicians 

must be trained for the patient’s safe 
movement to the CT table.

	(d)	 Radiologists have to manage the entire 
imaging process, from the individual 
patient-based protocol decision to the 
prompt interpretation.

9.2	 �Trauma Series of X-rays

X-ray is a useful tool for quick screening to 
assess the extent of traumatic injury. Even in 
unstable patients, portable X-ray can be used to 
exclude diseases that require immediate interven-
tion such as tension pneumothorax, to diagnose 
injuries that may elicit life-threatening hemor-
rhage such as pelvic bone fracture, and to prevent 
further neurological deterioration such as C-spine 
dislocation. Therefore, a “trauma series of 
X-rays” comprising chest anteroposterior (AP), 
C-spine lateral, and pelvis AP is very useful for 
the initial evaluation of severely injured patients 
(Figs. 9.1, 9.2, 9.3, 9.4, 9.5, 9.6, and 9.7).

	1.	 Chest radiography
	A.	 Diseases that can be diagnosed with chest 

radiography
	 (i)	 Pneumothorax, tension pneumotho-

rax, hemothorax
	(ii)	 Pneumomediastinum, pneumoperi-

cardium, hemomediastinum
	(iii)	 Pulmonary contusion, aspiration 

pneumonitis
	(iv)	 Rib fracture, flail chest
	(v)	 Diaphragmatic rupture

	B.	 Check list
	 (i)	 Airway of trachea and main 

bronchus
	(ii)	 Position and route of tubes and lines

	(iii)	 Visceral pleural line
	(iv)	 Lung parenchymal opacities
	(v)	 Mediastinal width and position
	(vi)	 Rib contiguity

	 2.	 C-spine lateral radiography
	A.	 Diseases that can be diagnosed with 

C-spine lateral radiography
	 (i)	 C-spine fracture and/or dislocation
	(ii)	 Hematoma in prevertebral space
	(iii)	 Airway compromise of upper airway

	B.	 Check list
	 (i)	 C-spine alignment and bony 

integrity
	(ii)	 Width of retropharyngeal soft tissue
	(iii)	 Airway of larynx and upper trachea

Fig. 9.1  Chest radiography of a severely injured patient. 
In severely injured patients, there are many limitations to 
the proper interpretation of radiography, including chest 
radiography being performed in the anteroposterior direc-
tion in a bed-ridden state with a portable machine, with 
low lung volumes and increased mediastinal width. These 
may lead to misinterpretation of lung or mediastinal inju-
ries. Shadows from the spine board, tubes, and electrode 
wires may interfere with the normal lines of lung mark-
ings, visceral pleura, and bony thorax. In this patient, 
pneumothorax (arrows) and multiple rib fracture (open 
arrows) are present but are not easy to detect because of 
the overlying instrument
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Fig. 9.2  Chest radiography of traumatic hemomediasti-
num and hemothorax. The chest radiography shows medi-
astinal widening (double-head arrow) that obscures the 
normal aortic knob contour and tracheal shifting to the 
right due to a mediastinal hematoma. The increased opac-
ity of the left hemithorax with apical thickening (arrows) 
and left costophrenic angle blunting suggests hemothorax 
in this trauma patient

Fig. 9.4  In C-spine lateral imaging, assessment of the 
bony alignment is important, as well as bony integrity. 
The four imaginary lines—anterior vertebral line (a), pos-
terior vertebral line (b), spinolaminar line (c), and poste-
rior spinous line (d)—should be smoothly aligned

Fig. 9.3  Chest radiography of tension pneumothorax. 
The chest radiography shows radiolucency in the left 
lower hemithorax with increased left hemithorax volume, 
resulting in widening of the intercostal space, downward 
shifting of the left hemidiaphragm, and mediastinal shift-
ing to the right side. The heart is also shifted to the right 
side and shows a slender shape. These findings suggest 
tension pneumothorax requiring immediate intervention. 
In chest radiography performed in a supine position, free 
air of pneumothorax is located in the anteromedial aspect 
of hemithorax; therefore, the free visceral line may not be 
seen even though there is considerable pneumothorax

9  The Role of Radiology in Trauma Patients
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	 3.	 Pelvis AP radiography
	A.	 Disease that can be diagnosed with pelvis 

AP radiography
	(i)	 Pelvic bone fracture
	(ii)	 Prediction of bladder or urethral 

injury
	B.	 Check list

	 (i)	 Bony integrity of sacrum and bilat-
eral pelvic bones and femur

	(ii)	 Pelvic ring contiguity
	(iii)	 Hip joint and sacroiliac joint 

alignment

9.3	 �Ultrasonography

Severely injured patients can be evaluated at the 
bedside by USG, so-called focused assessment 
with sonography in trauma (FAST), during the ini-
tial resuscitation in the emergency room owing to 
the improved portability and image quality of 

USG. Bedside USG can be easily performed any-
where and at any time and can provide critical 
real-time information about injured patients. In 
trauma situations, the role of FAST was initially 
confined to the detection of intraperitoneal (e.g., 
hemoperitoneum) and pericardial fluid, but its role 
has recently been extended to the evaluation of air-
way and thorax injuries (e.g., pneumothorax, 
hemothorax, etc.). Figure 9.7 illustrates the loca-
tion of the standard FAST view. Originally, the 
standard view included four locations (the “four 
Ps”), namely, the pericardial, perihepatic (right 
upper quadrant), perisplenic (left upper quadrant), 
and pelvic areas (Fig. 9.8). These views allow the 

Fig. 9.5  Hangman’s fracture of C2. There is a complete 
fracture of the pars interarticularis of C2 (arrow), with 
mild anterior dislocation of the C2 body. The imaginary 
spinolaminal line is disrupted (curved line), and the inter-
spinous distance (double-head arrow) is increased. There 
is also widening of the retropharyngeal soft tissue shadow 
(asterisk) at the C2/C3 level due to a fracture-related 
hematoma

a

b

Fig. 9.6  Pelvic ring injury. (a) Pelvis AP images show 
diastasis of the pubic symphysis (asterisk) and a subtle 
fracture line in the right sacrum (arrow). (b) Three-
dimensional volume rendering image of CT clearly dem-
onstrates a vertical fracture of the right sacral ala and 
diastasis of the pubic symphysis

G.-S. Hong and C. W. Lee



137

evaluation of sites where free fluid is more easily 
collected, identifying as little as 250 mL of free 
intraperitoneal fluid. USG can also be used to 
detect pneumothorax or hemothorax, referred to 
as extended FAST (E-FAST), by adding additional 
bilateral views of both hemithoraces (Fig. 9.9).

•	 General Principles
–– FAST must be available 24 h a day in the 

resuscitation room.
–– Trauma surgeons, emergency medicine 

physicians, and radiologists must be trained 
to perform FAST appropriately.

•	 Merits
–– Accessibility: bedside examination with 

portable USG
–– Real-time imaging with high temporal 

resolution
–– Non-radiation, noninvasive examination
–– Serial imaging for patient monitoring

•	 Pitfalls
–– Dependent on operator skill and patient 

habitus.
–– Limited for solid organ and gastrointestinal 

tract, retroperitoneal, and diaphragm injuries.
•	 Negative FAST results do not exclude 

the presence of intra-abdominal injury.

–– Interference due to intraperitoneal air.
–– False-positive results from nonhemor-

rhagic intraperitoneal fluid such as ascites 
secondary to other medical conditions 
(e.g., liver cirrhosis, renal failure, etc.) or 
urine due to urinary bladder rupture.

9.4	 �CT and MRI Work-Up 
in Trauma Patients

Trauma surgeons and emergency medicine 
physicians should determine the severity of 
trauma on the basis of initial imaging (X-ray, 
FAST), physical examination, and trauma 
mechanisms. According to this severity, selec-
tive CT, limiting the extent of CT exposure in 
the suspected anatomical region, or whole-
body CT (WBCT) is performed selectively in 
trauma patients. However, the use of selective 
CT requires attention because of the limited 
reliability of physical examination in patients 
with low levels of consciousness or other sig-
nificant injuries. There is also a risk of unno-
ticed injuries, particularly in seriously injured 
elderly patients with traumatic brain injury or 
visible vascular damage. Therefore, trauma cli-
nicians should be aware of the indication and 
limitation of CT and MRI to avoid missing 
critical trauma and unnecessary testing that 
may delay appropriate treatment in trauma 
patients.

•	 General Principles
–– CT scans should be performed only in 

hemodynamically stable patients. Trauma 
patients should be stabilized prior to radio-
graphic studies, and clinicians should pay 
attention to potential spinal cord injuries 
and prevent further injuries during patient 
positioning and transfer for radiographic 
studies. Clinicians familiar with trauma 
care should accompany the patient to the 
CT room, as the patient may deteriorate 
rapidly.

–– CT scans of trauma patients should be 
completed at once, avoiding additional 
transfer and CT scans.
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Fig. 9.7  Standard FAST views: (1) pericardial, (2) peri-
hepatic, (3) perisplenic, and (4) pelvic. The additional tho-
racic views for E-FAST are also indicated (asterisks)
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Fig. 9.8  Four standard focused assessment with sonogra-
phy in trauma (FAST) views. (a) Pericardial view can be 
obtained by placing a transducer at the subxiphoid posi-
tion pointing toward the left shoulder. Anechoic pericar-
dial fluid (*) is observed in the periphery of the left 
ventricle (LV) wall. (b) Prehepatic view at the right mid- 
to posterior axillary line of the intercostal space between 
the 11th and 12th ribs showing a small amount of anechoic 
fluid (arrows) in the Morrison’s pouch between the liver 

and right kidney. This location is the most common loca-
tion of free fluid. (c) Perisplenic view at the left posterior 
axillary line of the intercostal space between the 10th and 
11th ribs showing a large amount of free fluid (asterisk) 
around the spleen. (d) Pelvic view can be obtained by 
placing a transducer just superior to the symphysis pubis. 
This view allows the identification of the free fluid in the 
rectovesical (asterisk) and retrouterine spaces, the second 
most common locations of free fluid

Fig. 9.9  Bilateral thoracic view for extended FAST 
(E-FAST). The thoracic view is usually obtained by plac-
ing a higher-frequency transducer in the 3rd or 4th inter-
costal space. In the normal thorax, “pleural sliding” and 
“comet-tail artifact” can be identified. “Pleural sliding” is 
the sliding motion of the visceral pleura (open arrows) 
against the inner margin of the thoracic wall (parietal 
pleura). A “comet-tail artifact” (arrows) is a hyperecho-
genic narrow-based reverberation artifact. If these find-
ings are absent, pneumothorax should be considered
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–– CT should be performed without perform-
ing X-rays if the X-rays might delay CT 
scans or operation in trauma patients.

–– The application of MRI to the investigation 
of trauma patients is limited because of the 
long image acquisition time and the diffi-
culty in removing ferromagnetic material 
(i.e., foreign bodies and the use of life sup-
port devices) prior to testing.

9.4.1	 �Whole-Body CT for Severe 
Trauma Patients

9.4.1.1	 �Patient Selection Criteria 
for WBCT

Patient section criteria that requires WBCT in severe 
trauma patients [1]
1. High-risk injury mechanism
 � Traffic accidents
 � Pedestrian/cyclist/motorcyclist hit by a vehicle
 � Prolonged patient extrication (>15 min)
 � Death of another passenger
 � Ejection from the vehicle
 � High-speed automobile collision
 � Motorcycle accident
 � Fall from >3 m, unknown height, stairs
2. Evidence of anatomical injuries
 � Visible injuries in two anatomical regions
 � (head/neck/thorax/abdomen/pelvis/long bones)
 � Sign of vascular damage (expansive hematoma, 

deep wound in arterial trajectory)
 � Signs of spinal cord damage
 � Unstable pelvic fracture
 � Fractures of more than one long bone
3. Vital signs
 � Glasgow score < 12, intubated
 � Systolic blood pressure < 100 mmHg
 � Respiratory frequency: <10 or >30 rpm
 � Pulse >120 bpm
 � SatO2 < 90%
 � Age > 65 years
 � Anticoagulation

•	 General Principles
–– The British Royal College of Radiologists 

(RCR) has restricted the use of WBCT in 
severe trauma patients with an Injury 
Severity Score (ISS) > 15 [2]

–– WBCT quickly identifies life-threatening 
trauma lesions, including the presence of 
active bleeding and unexpected injuries, 
and can be used to assess the overall inju-
ries of the trauma patient simultaneously.

–– WBCT is useful in severely injured 
patients with changes in mental status.

–– In comparison to conventional imaging in 
severe trauma patients, WBCT takes about 
one-quarter of the time to scan and reduces 
about half of the patient transfer [3].

–– WBCT results in more radiation expo-
sure compared to that of selective CT, 
limiting the extent of radiation exposure 
in the suspected anatomical region in 
mild trauma patients, which can be an 
important consideration, especially in 
younger patients.

–– In the case of WBCT, one report indi-
cated that traumatic injury was not iden-
tified in 30% of cases [4]; therefore, 
appropriate selection of trauma patients 
who require WBCT is needed.

9.4.1.2	 �Controversy Regarding 
the Application of WBCT

There is still some debate about the usefulness 
of WBCT. WBCT has the advantage of reduc-
ing the duration of intensive care unit (ICU) 
admission, reducing the duration of ventila-
tion, decreasing the percentage of organ failure 
[5], inducing rapid discharge [6], and minimiz-
ing unrecognized damage at the beginning [7]. 
Some researchers claim that WBCT is useful in 
severely injured patients with changes in men-
tal status. A retrospective database analysis of 
5208 patients in Japan with Glasgow Coma 
Scale (GCS) scores ranging from 3 to 12 noted 
decreased mortality in patients who received 
WBCT scans [8]. However, an international, 
multicenter trial reported that in-hospital mor-
tality did not differ between WBCT and con-
ventional imaging work-up or between patients 
with polytrauma and those with traumatic brain 
injury [9]. Therefore, additional studies on the 
usefulness and cost-effectiveness of WBCT are 
needed.
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9.4.2	 �Selective CT for Trauma 
Patients

9.4.2.1	 �Head Trauma

Patient section criteria that requires  
head CT [10–12]
1. GCS < 15 two hours post injury
2. Suspected open skull fracture
3. Sign of skull base fracture
 � Hemotympanum
 � Raccoon eyes (intraorbital bruising)
 � Battle sign (retroauricular bruising)
 � Cerebrospinal fluid leak, oto- or rhinorrhea
4. Vomiting more than twice

5. Age ≥ 60 years
6. Amnesia post event >30 min
7. Dangerous mechanism of injury
 � Pedestrian struck by motor vehicle
 � Occupant ejected from motor vehicle
 � Fall from >3 feet or 5 stairs
8. Neurological deficit
9. Seizure
10. Blood thinner (oral anticoagulant use or  
bleeding diathesis)
11. Return visit for reassessment of a head injury

The clinical criteria were based on clinical crite-
ria validated in three prospective studies: the 
Canadian CT head rule (CCHR) [10], the New 
Orleans Criteria (NOC) [11], and the National 
Emergency X-Radiography Utilization Study II 
(NEXUS II) [12]. These three clinical criteria 
have high sensitivity for patients with clinically 
significant CT findings and have the effect of 
reducing the number of CT examinations 
performed.

The sensitivities of the three clinical criteria 
for the identification of brain damage requiring 
neurological intervention were 100% (NOC), 
100% (CCHR), and 95% (NEXUS II). The sen-
sitivities of these clinical criteria for the identi-
fication of clinically significant brain injury 
without neurological intervention were 92%, 
79%, and 89%, respectively. The sensitivity to 
clinical outcomes was highest in the 
NOC. However, the specificity of these criteria 
was very low, at less than 50%, and lowest in 
the NOC (<25%) [13].

9.4.2.2	 �Blunt Cerebrovascular Injury 
(BCVI)

Patient section criteria that requires CTA for screening 
BCVI [14–16]
1. Unexplained neurological sign and symptom
 � Arterial hemorrhage from the neck, mouth,  

nose, or ear
 � Cervical hematoma
 � Cervical bruit in a patient younger (<50 years)
 � Focal or lateralizing neurological deficit
2. Injury mechanism (severe cervical hyperextension/
rotation or hyperflexion)
3. Severe facial trauma (bilateral facial fractures, 
complex midface, subcondylar fractures)
4. Basilar skull fracture involving carotid canal
5.Cervical vertebral body fracture, transverse foramen 
fracture, subluxation, or ligamentous injury at any 
level or any fracture at the level of C1–C3
6. Diffuse axonal brain injury (closed head injury with 
GCS < 6)
7. Near-hanging resulting in cerebral anoxia
8. Clothesline-type injury or seat belt abrasion with 
significant cervical pain, swelling, or altered mental 
status

These criteria have clinical signs, symptoms, or 
risk factors that suggest BCVI. The risk factors 
listed above are based on the Eastern and Western 
Trauma Associations of the United States, which 
are used to screen for patients with no symptoms 
[14–16]. Computed tomographic angiography 
(CTA) is the screening test of choice in patients 
with suspected BCVI in an emergency. The sen-
sitivity and specificity of CTA vary depending on 
the CT equipment. A study using four- and eight-
slice scanners showed 83–92% sensitivity and 
88–92% specificity for blunt carotid injuries and 
50–60% sensitivity and 90–97% specificity for 
blunt vertebral injury [17]. A 16-slice scanner 
study showed lesion detection equivalent to that 
of digital subtraction angiography [18]. A recent 
study showed that WBCT with a single dose of 
contrast agent may be as accurate as CTA for the 
diagnosis of BCVI [19].

•	 General Principles
–– Patients with BCVI initially have no symp-

toms but develop stroke symptoms about 
one day later [20].
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–– BCVI occurs in 30–37% of patients with 
multiple trauma who do not meet the 
BCVI screening criteria [21]. Therefore, 
it is necessary to carefully evaluate 
WBCT images in severe trauma patients, 
always considering the possibility of 
BCVI, even if it is not the case for these 
indications.

–– Bilateral cerebrovascular injuries are com-
mon, occurring in 18–25% of patients [22].

–– Carotid injuries occur more frequently than 
vertebral injuries [23].

–– BCVI may occur in the contralateral vessel 
as well as in the ipsilateral vessel in the 
injured area of the head and neck due to 
vessel sharing injuries, requiring caution in 
image analysis [23]. Therefore, in patients 
with BCVI or blunt neck trauma, it is nec-
essary to carefully evaluate both vessels of 
the neck (Figs. 9.10 and 9.11).

9.4.2.3	 �Cervical Spine Injury

Patient section criteria that requires cervical spinal CT 
[24, 25]
1. Dangerous mechanism of injury (high-speed motor 
vehicle collision, fall from height including diving, 
rollover motor accident, bicycle collision)
2. Death at scene of motor vehicle crash
3. Significant closed head injury or intracranial 
hemorrhage seen on CT
4. Neurologic symptoms or sign referred to the 
cervical spine
5. Pelvic or multiple extremity fractures
6. Multi-region trauma
7. Technically inadequate plain X-ray
8. Suspicious or definitely abnormal plain X-ray

9. Age ≥ 60 years

•	 General Principles
–– Cervical spinal CT should be performed in 

patients with severe trauma, those at high 
risk, or those with changes in mental 
status.

–– There is insufficient evidence to replace 
plain radiography with CT as the initial 
screening method in lower-risk patients.

–– It may be necessary to perform cervical 
spinal CT if it is difficult to obtain a techni-
cally appropriate image by plain radiogra-
phy. A retrospective study of blunt trauma 
patients showed that 72% of plain radiog-
raphy images were inadequate to view the 
entire cervical spine [26]. In addition, 
insufficient images are often obtained in 
severe trauma patients due to blunt trauma, 
and misdiagnosis of cervical spinal frac-
tures are reported in up to 16% of cases 
[27].

–– It may be preferable to perform cervical 
spinal CT in elderly patients because the 
interpretation of plain radiography may be 
difficult in elder trauma patients [28].

9.4.2.4	 �Thoracic, Lumbar, and Sacral 
(TLS) Spinal Injury

Patient section criteria that requires TLS spinal CT 
[29–32]
1. Suspicious or definitely abnormal plain X-ray
2. Signs of injury or neurological deficit in the thoracic 
or lumbosacral regions
3. New another spine injury, particularly a known 
cervical fracture

4. High-energy mechanism (fall ≥3 m, ejection from a 
vehicle, motor vehicle rack, forceful direct blow)

5. Patient (age ≥ 60 years) with sign/symptom or 
mechanism causing TLS spine injury
6. Depressed metal status (GCS < 15 or signs of 
intoxication) with sign/symptom or mechanism 
causing TLS spine injury

•	 General Principles
–– According to the Eastern Association for 

the Surgery of Trauma practice guidelines, 
there is no need to perform an imaging test 
on the TLS spine in blunt trauma patients 
with normal mental status and no risks 
[31].

–– In addition to physical examination, it is 
necessary to consider the traumatic mecha-
nism when selecting patients who require 
CT examination because there are limita-
tions in the physical examinations. In one 
large prospective study, TLS spine injuries 
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Fig. 9.10  Carotid cavernous fistula in a major trauma 
patient with skull base fracture. (a) Brain CT shows a 
fracture that obliquely crosses the skull base. (b) CT angi-

ography shows a carotid-cavernous fistula with an 
engorged ophthalmic vein and pseudoaneurysm
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requiring surgical treatment were found in 
more than 20% of patients with normal 
physical examinations [32].

–– TLS spinal CT may still be required despite 
an unremarkable physical examination.

–– However, reformatted thoracic and abdom-
inal CT images in severe trauma patients 
may be sufficient to assess most TLS spine 
injuries and do not require additional TL 
spine administration [33].

9.4.2.5	 �Thoracic Injury

Patient section criteria that requires thoracic CT
1. Severe trauma patients
2. Mild trauma patient with following risk factors
 � Abnormal plain chest radiograph despite the 

absence of obvious clinical signs of injury
 � Concerning clinical findings (e.g., severe pain or 

marked chest tenderness, hypoxia, dyspnea, 
tachypnea) with normal chest radiography

 � High-energy mechanism

Generally, chest CT is unnecessary in trauma 
patients with low-energy mechanisms of injury, 
minimal injury on physical examination, and nor-

mal chest radiography findings [34]. However, 
observational studies have shown clinically sig-
nificant chest trauma on chest CT in trauma 
patients with normal chest radiography, although 
these studies included only a small number of 
patients [35]. Conversely, abnormal findings in 
simple chest radiography suggest clinically sig-
nificant chest trauma [36].

There is conflicting evidence regarding the 
need for chest CT in trauma patients with high-
energy mechanisms of injury; however, chest CT 
is generally preferred. In one prospective study, 
although there was no external sign of thoracic 
injury in 592 hemodynamically stable patients 
with a significant injury mechanism, clinically 
significant findings were found in 19.6% of chest 
CTs [37]. In a prospective study of 609 blunt 
trauma patients, clinically significant findings 
were found in 11% of chest CT cases in which 
emergency physicians determined that CT was 
unnecessary [38].

The NEXUS is a prospectively validated deci-
sion instrument to determine the need for chest 
CT in trauma patients [39, 40].

a b c

Fig. 9.11  BCVI (blunt cerebrovascular injury) in a major 
trauma patient. (a) Cervical spinal CT shows a fracture of 
the cervical spine across the left transverse foramen. (b) 

CT angiography shows a left vertebral artery occlusion. 
(c) Diffusion-weighted images show acute infarct in the 
left cerebellar hemisphere
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Types Criteria factors Accuracy
NEXUS 
decision 
instrument 
(earlier 
iteration) 
[39]

Age > 60 years
Chest pain
Intoxication
Abnormal 
alertness or 
mental status
Chest wall 
tenderness
Distracting 
painful injury
Rapid 
deceleration 
mechanism

Sensitivity (98.8%) 
and specificity 
(13.3%) percent 
for any thoracic 
injury seen on 
chest imaging
(If all criteria are 
absent, the patient 
has a very low risk 
for intrathoracic 
injury and chest 
imaging is not 
indicated)

NEXUS 
decision 
instrument 
(Chest 
CT-All) [40]

Chest wall 
tenderness
Distracting 
painful injury
Rapid 
deceleration 
mechanism
Abnormal plain 
chest radiograph
Sternal 
tenderness
Thoracic spine 
tenderness
Scapular 
tenderness

Sensitivity 
(99.2%), 
specificity 
(20.8%), and 
negative predictive 
value (NPV) 
(99.8%) for major 
injury
Sensitivity 
(95.4%), 
specificity 
(25.5%), and a 
NPV (93.9%) for 
either major or 
minor injury

NEXUS 
decision 
instrument 
(chest 
CT-majora) 
[40]

Chest wall 
tenderness
Distracting 
painful injury
Abnormal plain 
chest radiograph
Sternal 
tenderness
Thoracic spine 
tenderness
Scapular 
tenderness

Sensitivity 
(99.2%), 
specificity 
(31.7%), and a 
NPV (99.9%) for 
major injury

aMajor injuries included aortic or great vessel injury; dia-
phragm rupture; pneumothorax or hemothorax requiring 
thoracostomy; spine or other major fracture requiring sur-
gical repair; esophageal, tracheal, or bronchial injury 
requiring surgical intervention; pulmonary contusion 
requiring ventilatory support; and several others.

The application of these criteria would reduce 
unnecessary chest CT. However, when applying the 
NEXUS criteria to trauma patients, it is important to 
note the presence of any one criteria factor repre-
sents a low rate of major clinical injury, so clinicians 
should discuss the potential risks and benefit of 
chest CT in these cases. However, in the patient 
with an abnormal chest X-ray, the risks of major 
clinical injury and minor injury are considerably 
higher than with the other criteria [36].

•	 General Principales
–– Chest CT should be performed in cases of 

abnormal chest radiography findings in 
mild trauma patients and clinically suspi-
cious cases with normal chest radiography 
findings.

–– Chest CT should be performed if the clini-
cian suspects chest injury regardless of the 
criteria. The clinician should lower the 
threshold for performing an imaging test 
for a chest injury.

9.4.2.6	 �Abdominal Injury

Patient section criteria that requires abdominal CT [41, 
42]
1. Physical examination findings
 � Seat belt sign
 � Rebound tenderness
 � Hypotension
 � Abdominal distension
 � Abdominal guarding
 � Severe distracting injury (e.g., femur fracture)
2. The presence of an altered sensorium or painful 
extra-abdominal injuries, even in the absence of 
suggestive symptoms or signs
3. Abnormal chest radiograph suggesting intra-
abdominal injury (lower rib fractures, diaphragmatic 
hernia, free air under the diaphragm)
4. Fracture involving the pelvic ring
5. History features
 � Fatality at the scene
 � Vehicle type and velocity
 � Whether the vehicle rolled over
 � Patient’s location within the vehicle
 � Extent of intrusion into the passenger compartment
 � Extent of damage to the vehicle; steering wheel 

deformity
 � Whether seat belts were used and what type 

(unrestrained victims are at higher risk of injury); 
whether air bags deployed

6. Age > 60

Emergency and trauma clinicians managing blunt 
trauma should maintain a high clinical suspicion 
of intra-abdominal injuries, especially in patients 
with suggestive trauma mechanisms, signs of 
external trauma, and altered sensorium due to 
head injury and intoxication. Up to 10% of iso-
lated head injury patients may have an intra-
abdominal injury [43]. According to one 
prospective observational study, approximately 
7% of blunt trauma patients with distracting 
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extra-abdominal injuries have intra-abdominal 
injuries despite the absence of signs or symptoms 
suggestive of abdominal injuries [44]. Patients 
with fractures of the pelvic ring should also be 
suspected of intra-abdominal injury. Abdominal 
injuries are observed in up to 16.5% of patients 
with pelvic bone fractures [45]. Both visceral 
organs (i.e., liver and spleen) and the bowels can 
be involved in the damage [42, 45].

•	 General Principles
–– Abdominal pain and tenderness increase 

the likelihood of intra-abdominal injuries; 
however, the negative likelihood ratio for 
each is low, and the absence of these find-
ings cannot exclude abdominal injuries.

–– Clinicians should maintain a high index of 
suspicion for intra-abdominal injuries 
especially in those patients older than 
60 years of age since the signs and symp-
toms of abdominal injuries often appear to 
be weakened.

–– Altered sensorium or painful extra-
abdominal injuries increase the likelihood 
of intra-abdominal injuries even in the 
absence of symptoms or signs suggestive 
of abdominal injuries.

9.4.3	 �MRI Work-Up for Trauma 
Patients

9.4.3.1	 �MRI for Head Trauma
MRI is not a first-line imaging study in the initial 
examination of patients with head trauma. It is 
difficult to perform MRI in emergency situations. 
Long scan times and multiple devices are limit-
ing factors in performing MRI. MRI is more sen-
sitive than CT for the detection of parenchymal, 
subdural, and epidural hemorrhages, as well as 
contusion, brainstem injury including posterior 
fossa, and diffusion axonal injury [46, 47]. In 
acute mild traumatic brain injury patients, abnor-
mal MRI findings are reported in 30% of normal 
CT patients [46, 47]. Most of these findings were 
axonal injuries but also included small contu-
sions and subarachnoid hemorrhage. Both brain 
contusion and hemorrhagic axonal injury are 
associated with poor 3-month outcomes [47]. In 

head trauma patients, selective MRI is useful in 
patients with unexplained neurological deficits or 
in patients who do not recover as expected.

•	 General Principle
–– If the trauma patient has a severe neuro-

logic abnormality with normal CT findings 
at the initial examination, the patient is 
judged to have an axonal or brainstem 
injury, and MRI should be performed after 
emergency operation and treatment.

9.4.3.2	 �MRI for Spinal Column Injury
MRI is more useful than CT for the evaluation of 
spinal cord integrity, intervertebral discs, soft tis-
sues, and ligamentous structures around the ver-
tebra and is more sensitive to the detection of 
epidural hematoma than CT [48]. Traumatic spi-
nal cord injury (TSCI) is found in MRI scans in 
5.8% of cases with negative CT scans [49]. 
However, it is difficult to perform MRI in the ini-
tial examination of trauma patients because of 
metallic foreign bodies and lift-supporting equip-
ment as well as cardiac pacemakers in trauma 
patients. In addition, it may be difficult to moni-
tor patient vital signs during MRI.

•	 General Principles
–– MRI should be performed when the clini-

cal condition of the patient is suitable for 
performing MRI, if spinal cord injury is 
suspected or occult spinal injury is 
suspected in patients with normal CT 
findings.

–– The high incidence of multiple vertebral 
injuries means that whole-spine MRI scans 
should be performed [50].

9.5	 �Summary

	 1.	 Trauma clinicians should aware of the mer-
its, limitations, and indications for imaging.

	 2.	 Portable X-ray and USG should be available 
in the resuscitation room.

	 3.	 A “trauma series of X-rays” comprising 
chest AP (anteroposterior), C-spine lateral, 
and pelvis AP views is very useful for the 
initial evaluation of severely injured patients.
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	 4.	 Trauma clinicians can skip X-rays if it might 
delay the CT scan or operation in trauma 
patients.

	 5.	 CT scans should be performed only in hemo-
dynamically stable patients.

	 6.	 CT scans of trauma patients should be com-
pleted all at once to avoid additional transfer 
and CT scans.

	 7.	 WBCT quickly identifies life-threatening 
trauma lesions in severe trauma patient all at 
once.

	 8.	 The application of MRI for the initial evalu-
ation of trauma patients is limited because of 
the long image acquisition time and the dif-
ficulty of removing ferromagnetic material.

	 9.	 Discrepancies between the neurologic abnor-
malities and head CT findings in trauma 
patients suggest axonal injury and follow-up 
MRI of the brain should be performed after 
emergency operation.

	10.	 The high incidence of multiple vertebral 
injuries means that whole-spine scans should 
be performed.
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