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#1 R/O Spinal Injury: Does radiography still have a role
in the MDCT era?
¾ Advantages of MDCT
– Obtain total body assessment rapidly
– Faster than radiographic survey
– Entire spine covered with adequate detail in one pass
(Virtually no C7‐T1 penetration problem)
– Includes neck vasculature
– True cost comparable to portable radiography
– Easier to interpret
– Fast post‐processing for complex injury
– Greater sensitivity for injury
– ? Improves overall patient outcome
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It’s getting hard to find a cervical spine
radiographic series
All studies comparing MDCT with radiography for
diagnosis of spinal injury have shown significant
improvement in sensitivity for diagnosis of
injuries (30‐40%); about one‐third of missed
injuries potentially unstable

Nuñez DB Jr, Zuluaga A, Fuentes-Bernardo DA, Rivas LA, Becerra JL. Cervical spine trauma: how much
more do we learn by routinely using helical CT? Radiographics. 1996 Nov;16(6):1307-18; discussion
1318-21.
Sheridan R, Peralta R, Rhea J, Ptak T, Novelline R. Reformatted visceral protocol helical computed
tomographic scanning allows conventional radiographs of the thoracic and lumbar spine to be eliminated
in the evaluation of blunt trauma patients.J Trauma. 2003 Oct;55(4):665-9.
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Type 3 occipital condyle
avulsion tranverse ligament
rupture
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Question 1: Does every blunt
trauma patient need a cervical
spine MDCT?
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Reasons to perform radiograph(s)
¾ Assess alignment of spine prior to intubation
¾ Assess airway patency
¾ Going directly to OR
¾ Low clinical suspicion – risk (otherwise no
indication for CT)
¾ Many
M
patients
i
can be
b cleared
l
d “clinically”
“ li i ll ” (Nexus
(N
and Canadian rules). No imaging needed.

Nexus Low‐risk Criteria for Cervical Spine
Injury
¾No posterior or midline
¾
dl cervicall tenderness
d
¾No evidence of intoxication
¾Normal level of alertness
¾No focal neurologic deficit
¾No painful distracting injury
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Canadian
C
di C
C-spine
i
Rules for initiating
cervical spine imaging
work-up

Probability of Cervical Spine Fractured as Determined
by Risk‐Stratification
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Clinical Scenario Group
Fracture Probability (%)
High‐risk
Focal neurologic deficit
31.1
Severe head injury
11.2
*High energy mechanism and
14.8
age greater than 50 years

95% Confidence Interval
19.9‐76
9.4‐15.3
6.2‐100

Moderate risk
High energy mechanism and
age less than 50 years
Moderate energy and age
more than 50 years

4.2

2.7‐6.9

5.5

3.6‐10.1

2.1

1.6‐3.2

0.6

0.4‐0.9

Low risk
Moderate‐energy mechanism
and age 50 years or younger
Low‐energy mechanism

Hanson JA, Blackmore CC, Mann FA, Wilson AJ. Cervical spine injury: A clinical decision rule to identify
high‐risk patients for helical CT screening. AJR Am J Roentgenol 2000;174:713‐7.
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Question 2: How do you clear the
obtunded patient?
¾What’s obtunded?
– Intoxicants on board
– Major distracting injury
– Altered awareness (h/o LOC)
– Inappropriate responsiveness

Possible methods to clear spine in
obtunded patient
¾Radiographs
¾MDCT
¾In‐line traction test
¾Fluoroscopic passive flex‐ext.
¾MRI
¾Some combination
¾Needs to be in 24‐48 hr. or less
(immobilization complications)
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Plain radiography
¾Misses p
potentiallyy unstable injuries
j
¾Challenging to get good quality studies
¾Enforced alignment in cervical collar masks
injury

Fluoroscopic passive spine manipulation
¾ Had p
period of p
popularity
p
y in mid 1990’s to 2006+
¾ Few positive cases reported: very high NPV since
injuries so rare
¾ Fails to visualize cervicothoracic junction
¾ Misses herniated discs, critical osteophytes,
epidural hematomas
¾ Neurologic
N
l i deterioration
d
i
i reported
d
¾ Time and labor intensive
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MDCT
¾ High
g sensitivityy for fractures
¾ Easy to detect relatively subtle malalignment
¾ Does not directly detect ligament injury ‐ must be
inferred from non‐physiologic alignment
¾ Potential for false positives (degenerative
subluxation,
bl ti
adjacent
dj
t fused
f d segments,
t anatomic
t i
varients (ossicles, non‐fused segments)

Current 64 – MDCT Full‐Body Blunt Trauma
Survey – Maryland Shock‐Trauma Center
¾
¾
¾
¾
¾
¾
¾

3 X 3 mm acquisition
0.625 detector width
0.67 pitch
0.5 sec rotation time
Reconstruction at 2 by 1mm for multiplanar and volume images
Initial non‐contrast head
Inject 100 ml 350% contrast (6/sec for 10 sec, 4/sec for 10 sec. 50 cc saline
flush at 4/cc)
¾ Contrast –enhanced scan from above circle of Willis to upper thighs
¾ Coronal and sagittal c‐spine/ coronal chest, abdomen‐pelvis/ high
resolution thoraco ‐ lumbar spine (if requested)
¾ Scan time 15‐20 sec.
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MDCT: Results of 3 major studies
¾ Prospective: 366 pts. obtunded/unreliable had MDCT and MRI
7 had ligament injury not seen on CT (all single column)
98.9% NPV/100% NPV for unstable injuries
Hogan
g GJ,, Mirvis SE,, Shanmuganathan
g
K,, Scalea,, TM. Exclusion of unstable cervical spine
p injury
j y in obtunded p
patients with
blunt trauma: is MR imaging needed when multi‐detector row CT findings are normal? Radiology. 2005 Oct;237(1):106‐13.

¾ Retrospective: 2854 pts. (91% blunt)
93 pts. Normal neuro exam/CT negative/persistent neck pain
MRI: no significant finding
Schuster R, Waxman K, Sanchez B, et al. Magnetic resonance imaging is not needed to clear cervical spines in blunt trauma
patients with normal computed tomographic results and no motor deficits. Arch Surg. 2005 Aug;140(8):762‐6.

¾ Prospective: 115 patients (mean GCS 8
8.3)
3)
6 had positive MRI findings – none affected management
Eliminating MRI would save $250,000 during 2 year study
Como JJ, Thompson MA, Anderson, et al. Is magnetic resonance imaging essential in clearing the cervical spine in obtunded
patients with blunt trauma? J Trauma. 2007 Sep;63(3):544‐9.

Whatt are the
Wh
th potential
t ti l consequences
of 1 missed unstable injury?
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Question 3: Should we exclude blunt cervical vascular
injury in all trauma patients who have CT?

¾How often does it occur?
¾Who should be screened for it?
¾How good is MDCT‐A for diagnosis?
¾Does early diagnosis improve outcome?

University of Maryland Center guidelines for identifying
trauma patients at high risk for blunt vertebral artery injury
Cervical spine fracture with:
¾Foramen transversarium involvement
¾30% or more subluxation
g
rotation or distraction
¾Significant
mechanism (e.g. unilateral interfacetal
dislocation, atlanto-occipital distraction, etc.)
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Risk Factors for Carotid Artery Injury
¾Basilar skull fracture crossing carotid canal, foramen lacerum, or cavernous
sinus
¾Severe facial fractures (LeFort II or III; naso
naso-orbital
orbital ethmoid complex,
complex facial
smash)
¾Carotid or vertebral artery perivascular hematoma by CT or MD-CTA
¾Horner’s syndrome
¾GCS ≤6 at 24 h after initial assessment
¾Neurologic examination incongruent with brain imaging
¾Stroke or TIA
¾Hanging attempt with cervical hematomas or cervical spine fractures

Prevalence of BCVI (CT‐A) vs. Modality
Study/ #

Modality

Criteria

Pre-MDCT

Post-MDCT

Biffl n=331

MDCT-16

Standard

-

5.4% (0.66%)

Biffl n=12,429
n=2902

Arteriography

Baseline
Screening/std.

0.1% carotid
of admits

0.86% carotid

M t n=1438
Mutze
1438
n=392

SS CT
SS-CT
MDCT-4

P l t
Polytrauma

0.9%
0
9%
2.8%

Cothern n=643

Arteriography

Standard

18% carotid

Miller n=216

Arteriography

Standard

29% (1%)

Schneidereit
n=1313

MDCT-8 +
Arteriography

Standard

Berne n=435

MDCT 4
MDCT-4
MDCT-16

Standard

Rogers n=5728

SS-CT

Standard

Eastman n=146

MDCT-16

Standard

28.4%
(1.25%)

Irwin n=403

MDCT-16

All blunt CT

2.7%

Kerwin n=1941

Arteriography

Standard

1.1%

0.17% of admits

1.4%
2.4%
2
4% (0
(0.38%)
38%)
5.5% (1.2%)

0.06% of admits

0.189%

12

2010-05-05

Prevalence at Shock‐Trauma (16/40
MDCT)
•
•
•
•

*Retrospective

study of 403 patients
Results based on (+) MDCT
14 months
2.7% BCVI (screening)
*All

patients referred for blunt polytrauma to CT

Sliker CS, Shanmuganathan K, Mirvis SE. RSNA 2006

Blunt carotid and vertebral injury grading scale

Biffl WL, et al. Blunt carotid arterial injuries: implications of a new grading scale. J
Trauma 1999, Nov;47(5):845‐53.
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Blunt Carotid and Vertebral Arterial Injuries
Biffl WL, Moore EE, Offner PJ, Burch JM. Blunt carotid and vertebral arterial injuries.
World J Surg 2001;25(8):1036‐1043

___

249 patients underwent arteriography; 85 (34%) had injuries

Intimal irregularity – G1

Sagittal MIP

3D-VR

Angiography
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Grade 2 dissection
left ICA with Horner’s

Rt. ICA pseudoaneurysm – G3
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Grade 4 injury with infarct

Grade 5
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Grade 5: Active bleeding

Blunt Trauma Vertebral Artery Injury
¾ 4‐vessel angiography in 605 patients (290 c‐spine
fractures)
¾ 92 had VA injuries
¾ 71 (77%) of the 92 had c‐spine fractures
¾ 18 (25%) of 71 had bilateral VA injury
¾ 9 (13%) of 71 had a CA injury

Cothern CC, Moore EE, Biffl WL, et al. J Trauma 2003:55:811‐813
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Bilateral
vertebral
artery G2

BID with Lf. vertebral
occlusion
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Cerebellar
infarcts due to
vertebral artery
injury (G2)

Angioscopic view

Concurrent vascular injury – *30%
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Progression of injury at 4 weeks (5‐10%)

Admission

Progression from Grade 2 to
Grade 3+ (7 days)
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G4 cavernous carotid:
skull base fracture

Clinical Study Data
¾ 147 pts. BCVI, 18 had evidence of cerebral or cerebellar
infarction for a stroke rate of 12.2% (stroke mortality 50%)
¾ 22% of stroke patients had no “classic risk factors”
¾ 46 treated injuries had CTA follow‐up at less than 1 mo. 30%
improved, 60% stable, 10% progression
¾ 44% of patients with stroke had evidence on initial CT before
treatment could be instituted (mainly CA occlusion)
¾ Untreated stroke rate ‐ 26%, any treatment rate ‐ 4%

Stein DM. Blunt Cerebrovascular Injuries: Does Treatment Always Matter? J Trauma.
2009;66:132-144
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Question 4: Does MDCT change standard cervical spine
measurements that indicate injury?

Normal

Basion-Dens
CT > 9.5 mm
Radiograph >12 mm

PAL > 5.5 mm
Radiograph >12mm

Occ C1
Occ-C1

C1-C2 > 7.8mm

Abnormal

Normal

Abnormal

V-sign

Vertical atlantodens line

Condylar sum
>6
6.2mm

Harris JH, Jr., Carson GC, Wagner LK, Kerr N. Radiologic diagnosis of
traumatic occipitovertebral dissociation: 2. Comparison of three methods of
detecting occipitovertebral relationships on lateral radiographs of supine
subjects. AJR Am J Roentgenol 1994;162:887-892.
Chang W, Alexander MT, Mirvis SE. Diagnostic determinants of
craniocervical distraction injury in adults. AJR.2009;192:52-58.
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hang W, Alexander MT, Mirvis SE. Diagnostic determinants of

aniocervical distraction injury in adults. AJR.2009;192:52-58.

Measurements 95% CI

14
Normal
12

Injured

10

Distance (mm)

8

6

4

2

0
Occ-C1 SL line
-2

C1-C2 SL line

Basion-dens

PAL

Cond sum

ADI

Vertical atlantodens line

35 patients and 50 controls

AOD Determinants ‐ CT
¾200 patients measured (95% confidence)
¾Basal‐dental Interval = < 8.5 (12 mm)
¾Atlanto‐dental interval = < 2 mm (3 mm)

Rojas CA, et al. Reassessment of the craniocervical
junction: Normal values on CT. AJNR. 2007;28:1819-1823.
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Subtle AOD
< 9.5 mm

< 7.8 mm

Subtle AOD – Locked In
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Conclusions: Spine Controversies (2010)
¾ Polytrauma patients should have the cervical spine assessed by MDCT
preferably as part of total body study.
study If CT is readily available it should be the
screening study of choice when the spine examination is not normal.
¾ Patients with unreliable clinical examination and no evidence of neurologic
deficit should have MDCT, if study of high technical quality including MPR
images, no MRI is indicated if normal.
¾ Patients with risk factors for BCVI should have IV contrast enhanced neck
CTA as part of whole body or dedicated CT study. If study of high technical
quality (using post‐processing when indicated) a negative study is reliable. A
definite positive study is reliable (option to confirm with DSA– risk related).
Equivocal result needs catheter angiography. A follow‐up study is indicated in
positive cases within 3 days to assess lesion stability, ?? again in 1 month.
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