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Background : According to the American College of Radiology (ACR)
appropriateness criteria for imaging of suspected spine trauma,
multi-detector computed tomography (MDCT) is the recommended
screening imaging procedure in adult patients with high-risk
criteria by national emergency x-radiography utilization study
(NEXUS) criteria and the Canadian cervical spines rule (CCR).

Objectives : To evaluate imaging features of cervical spine fracture and to
assess the anappropriateness of performing cervical spine CT
according to NEXUS criteria and CCR at the emergency room of
King Chulalongkorn Memorial Hospital (KCMH).

Design : Retrospective study.

Setting : King Chulalongkorn Memorial Hospital.

*Department of Radiology, Faculty of Medicine, Chulalongkorn University



144 ANINTU Ej!i%l,']’d WAz AASS LWﬂSﬁ]%’a‘lWﬂ'la Chula Med J

Material and Methods : Our study recruited cervical spine CT images performed at
the ER from November 2012 to October 2013 in adult patients
suspected of acute cervical spine injury. Patients aged <18 years,
non-acute trauma settings (2 72 hours), non-traumatic conditions,
penetrating cervical injuries and refer red cases from other
hospitals were excluded from this study.

Results ¢ Of the 150 cervical spine CT studies analyzed, 15 (10%) were
positive for cervical fracture as followings; Clay shoveler fracture,
burst fracture, transverse process fracture, Hangman’s fracture,
dens/odontoid process fracture, hyperextension fracture dislocation
and inferior endplate fracture. 137 (91.3%) patients with documented
clinical indication for ordering cervical spine CT underwent cervical
spine CT properly based on NEXUS criteria or CCR. The remaining
13 (8.7%) patients had no documentation about clinical indication
but subsequent imaging showed no cervical spine fracture.
Additionally, 51% (76/150) of the patients performed both cervical
spine CT and cervical spine radiographs, in which being considered
as “inappropriate”.

Conclusions : Strict application of the ACR appropriateness criteria into practical
use could reduce some CT over utilization and dramatically
decrease the rate of unnecessary radiographs to clear the cervical

spine.

Keywords : Cervical spine CT, blunt cervical spine trauma, NEXUS, CCR.
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Cervical spine clearance after blunt trauma
is defined as accurate confirmation of the absence
of a cervical spine injury. In the United States,
more than one million blunt trauma patients with
questionable acute cervical spine injury visited the
ER each year"; however, the incidence of definite
cervical spine injury is approximated 2 - 10% of such
cases.” Regarding high morbidity and high mortality
resulted from unrecognition and delayed diagnosis
of cervical spine injury, there is a high tendency to
perform cervical spine imaging to rule out the cervical
spine injury in patients with blunt trauma.

In order to optimize radiation exposure and
cost-effectiveness of cervical spine imaging, careful

selection of patients who are truly at risk and

Chula Med J

need imaging is required. There are two widely
accepted evidence-base decision rules derived from
prospective observational cohort multicenter trials:
the NEXUS criteria and the CCR criteria. These two
decision criteria have been included in the ACR
appropriateness guidelines as a means of screening
patients before imaging the cervical spine.

The NEXUS criteria were established to
identify patients with a low probability of cervical
spine injury, in whom imaging of cervical spine was
unnecessary.® ® The NEXUS criteria includes the
followings: absence of midline cervical tenderness,
no focal neurological deficit, normal alertness, no
evidence of intoxication and no painful distracting

injury (Table 1).

Table 1. The NEXUS criteria: cervical spine injury cannot be excluded if any criterions are present. @

1. Posterior midline cervical tenderness

- Present if pain is elicited on palpation of the posterior cervical midline from the nuchal ridge to the prominence

of the first thoracic vertebra, or if pain is reported on palpation of any cervical spinous process.

2. Altered mental status
- Glasgow coma scale (GCS) < 14
- Disorientation to time, place, person or events

- Inability to remember three objects at 5 minutes

- Delayed or inappropriate response to external stimuli

3. Focal neurologic deficit

- Any patient-reported or examiner-elicited neurologic deficit

4. Evidence of intoxication

- Recent history reported by the patient or an observer of intoxication or intoxicating ingestion

- Evidence of intoxication on physical examination, such as odor of alcohol, slurred speech,

ataxia, dysmetria, or other cerebellar findings

- Behavior consistent with intoxication

- Tests of bodily secretions are positive for drugs (including but not limited to alcohol) affecting mental alertness

5. Painful distracting injury

- Any condition thought by the clinician to be producing pain sufficient to distract the patient from a cervical

spine injury. Examples may include:
- any long bone fracture
- a significant visceral injury
- alarge laceration, degloving injury, or crush injury

- extensive burns

- any other injuries producing acute functional impairment




Vol. 60 No. 2
March - April 2016

The CCR criteria uses three high-risk criteria,
three low-risk criteria, and the ability of patients to
actively rotate their necks to determine the need for
cervical spine radiography® (Figure1).

Michaleff et al. conducted a systematic
review to investigate the diagnostic accuracy of the
CCR criteria and NEXUS criteria. They found that the
CCR criteria had higher sensitivity, higher specificity
and higher accuracy as compared to the NEXUS
criteria. However, the NEXUS criteria are applied to
all age groups, whereas the CCR criteria are only

applied to patients aged 16 - 65 years; both sets of
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criteria have been shown to be powerful predictors
of cervical spine injury.”

According to the current version of ACR
appropriateness criteria for imaging of suspected
spine trauma, MDCT with sagittal and coronal
reconstruction is the recommended screening
imaging procedure in adult patients with high-risk
criteria by NEXUS or CCR. Radiography is the imaging
procedure of choice in children age 14 years and
under. Radiography has limited use in the adult
and should be used primarily applied for resolving

nondiagnostic CT studies due to motion artifacts.

- Is the patient = 65 years?
- Is there a significant mechanism of injury?

- Is there paresthesia in the extremities?

Is there a high risk factor necessitating radiography?

X
W

range of motion?

speeds or being pushed into oncoming traffic) ?

or ambulatory after the incident ?

midline cervical spine tenderness ?

Is there any low risk factor permitting safe assessment of

- Was it a simple rear end collision (excluding rollover,

collision with bus, large truck or vehicle travelling at high

- Was the patient found seated in the emergency department

- Was there delayed onset of neck pain or absence of any

» W

Radiography

411

W

|~

left and right?

Range of motion assessment: able to rotate neck actively 45°

No radiography

Figure 1. The CCR criteria.
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At KCMH, when acute blunt trauma patients
with possibility of cervical spine fracture visit the ER,
the primary emergency physicians will order cervical
spine CT following the 8" or the 9" editions of
advanced trauma life support (ATLS) guideline,
NEXUS criteria, CCR or others.

Even though NEXUS criteria and CCR have
been proposed, the study of their integration to real
clinical situations are still limited. The aims of this
study are to review imaging features of cervical
spine fracture and to assess the appropriateness of
performing cervical spine CT according to these two

international appropriateness criteria.

Methods:
Population

The patients presenting to ER at KCMH
from November 1% 2012 to October 31* 2013 who
underwent MDCT of cervical spine at CT scanner
installed in the ER (Philips, Brilliance 64; axial scan,
40 X 0.625 collimation, 1.0 mm slice thickness) were
eligible for the study.

Review of demographic data (sex and age),
clinical presentations, indication for ordering the
study and complications after negative studies was
performed.

Inclusion criteria were adult patients with
suspected acute cervical spine injury performing
cervical spine CT with/without cervical spine
radiographs within 72 hours after blunt trauma.
Exclusion criteria were patients with age < 18 years,
non-acute trauma settings (=72 hours), non-traumatic
conditions, penetrating cervical injuries and referred

cases from other hospitals.

Chula Med J

Image analysis

Two reviewers (a second year radiology
resident and a 6-year-experienced neuroradiologist)
retrospectively assessed the cervical spine CT images
independently. Any disagreement was resolved
upon discussion. Evaluation of cervical spine CT
appropriateness based on NEXUS criteria or CCR was
determined by the second year radiology resident.
Total numbers of cervical spine CT performed
alone, and both cervical spine CT and radiographs
performed on the same patient, were additionally
analyzed. According to ACR appropriateness criteria,
MDCT scan was the initial assessment in patients
suspected acute cervical spine trauma. Thus, in
patients investigated by both CT and radiograph were

considered as “inappropriate”.

Statistical analysis
The percentage of cervical spine fracture was
calculated and inter-rater reliability was measured with

Kappa method of analysis.

Results

A total of 190 cervical spine CT images were
performed in adult patients suspected of acute
cervical spine injury at the ER of KCMH from
November 2012 to October 2013. Forty studies were
recruited (patients with age < 18 years; N =10, non-
acute trauma settings (=72 hours); N = 2, non-
traumatic conditions; N = 5, penetrating cervical
injuries; N = 4, referred cases from other hospitals;
N = 18 and no clinical recorded; N = 1). Therefore,
cervical spine CT images recruited in this study were

150 studies.
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One hundred and six patients were male
and 44 patients were female (Figure 2). Patient ages
ranged from 18 to 90 years with the mean age of
43.7years. There were 125 patients who aged 18 - 65
years and 25 patients who aged more than 65 years
(Figure 3).

From our study, car accidents were the most
common cause of blunt injury, accounting for 46.7%,
followed by falls (29.3%), unknown causes (14%) and
others (including body assault, direct object falling
on the head and electric shock) (10%). In the elderly
subgroup (aged above 65 years), falls were the most
common cause (60%), followed by car accidents

(28%) (Figure 4).

Figure 2. Sex
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Of the 150 patients, 137 (91.3%) had medical
records of clinical indication for ordering cervical spine
CT ; all of these patients underwent cervical spine CT
properly based on NEXUS or CCR criteria.

The most common clinical indication for
performing cervical spine CT was alteration of
consciousness (48%). Midline cervical tenderness
was the second most common, followed by evidence
of drug or alcohol intoxication, inability to actively
rotate neck, focal neurologic deficit and presence of
other injuries considered painful enough to distract

from neck pain (26.7%, 6%, 4%, 3.3% and 3.3%
respectively) (Table 2).

Figure 3. Age
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Figure 4. Cause of blunt injury.
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Table 2. Indication for ordering cervical spine CT.
Indication for CT No. (%)
Altered mental status 72 (48)
Midline cervical tenderness 40 (26.7)
Evidence of drug or alcohol intoxication 9 (6)
Unable to actively rotate neck 6 (4)
Focal neurologic deficit 5(3.3)
Presence of other injury considered painful enough to distract from neck pain 5(3.3)
Unknown 13 (8.7)

The remaining 13 (8.7%) patients had no
documentation about clinical indication for
performing the study. However, none had cervical
spine fracture. Furthermore, 51% (76/150) received
both cervical spine CT and radiographs, considered
as “inappropriate”; and 49% (74/150) only had
cervical spine CT.

Our findings yielded a result of 10% (15/150)
of all patients with cervical spine CT demonstrating

cervical spine fracture as followings (Table 3):

- Clay shoveler fracture 3 cases
- Burst fracture of cervical spine 3 cases
- Fracture of transverse process 3 cases
- Hangman’s fracture 2 cases
- Fracture of dens/odontoid process 2 cases
- Hyperextension fracture dislocation 1 case

- Inferior endplate fracture 1 case

According to the lack of data of blunt trauma
in patients who did not receive cervical spine CT,
which was a limitation, we could not evaluate the
actual incidence of cervical spine fracture at KCMH.
Nevertheless, it is estimated that the incidence of
cervical spine fracture in blunt trauma patients who

underwent screening CT was about 10%.

From 135 patients with negative CT imaging,
95% (128/135) revealed no documented evidence
of readmission or neurologic deficit after discharge,
4.4% (6/135) were dead from other complications and
one patient was referred to another hospital.

The inter-rater reliability of cervical spine
CT interpretation showed substantial agreement

(Kappa = 0.86, p <0.001).

Discussion

Cervical spine trauma is a disastrous event,
causing high morbidity and mortality (e.g. spinal cord
injury and death if delayed or missed diagnosis)
including medical, psychological, social, and financial
consequences.

In KCMH, the incidence of cervical spine
fracture in blunt trauma patients who underwent
screening CT was 10%.

Correspondence with the previous
publication by Munera et al, our study showed that
cervical spine fractures are more likely to be caused
by low mechanisms (e.g. fall from standing height) in

patients more than 65 years.”
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Table 3. Data of patients with positive CT findings.
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No. Imagings Sex Age Cause Indication CT CT findings Consensus
for CT findings (Reader 2)
(Reader1)
1 Both F 25 MCA Alteration of Hangman'’s fracture -
consciousness
2 Both M 20 MCA Alteration of Fracture of C7 spinous -
consciousness process
3 CT alone M 35 Fall Alteration of Comminuted fracture of -
consciousness C5 + Burst fracture of C6
4 Both M 64 Fall from Monoparesis Extension distraction -
height right arm injury of C5/6
5 CT alone M 32 Fall from  Alteration of Fracture of left C7 -
vehicle consciousness transverse process
6 Both M 32 MCA Neck pain Fracture of odontoid -
process type lll
7 Both M 34 MCA Cardiac arrest Burst fracture of C4 -
8 Both M 37 MCA Monoparesis Fracture of right C7
right arm transverse process and -
facet
9 Both M 63 Fall Paraparesis Inferior endplate fracture -
both arms of C5
10 CT alone F 39 Car Neck pain Fracture of C6 spinous -
accident process
11 Both M 77 Car Alteration of Fracture of C5-6 spinous -
accident  consciousness process
12 Both F 81 Fall Alteration of Hangman'’s fracture -
consciousness
13 CT alone M 23 MCA Alteration of Fracture odontoid -
consciousness process
14 Both M 31 Fall from  Quadriplegia Burst Fracture of C6 -
height
15 Both M 39 MCA Alteration of None Fracture of Fracture of
consciousness left C7 left C7
transverse transverse
process process
16 CT alone M 81 Fall Alteration of Right Right Right
consciousness occipital occipital occipital
condyle bone bone fracture
fracture fracture
17 Both F 48 Car Alteration of Fracture
accident  consciousness of C7
spinous None None
process
18 Both F 74 Car Neck pain Fracture None None
accident of C2 spinous

process
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Of all cases with documented clinical
indication, the emergency physicians tended to
order cervical spine CT properly according to NEXUS
criteria or CCR. We imply that there is appropriate
utilization under the ACR appropriateness criteria at
least 91.3% at KCMH.

As for the remaining cases (8.7%), we cannot
truly assume that these patients were sent for cervical
spine CT in appropriately because some of these
patients might have had clinical indication but
the physicians failed to document it in the medical
records. Therefore, we assume that there might be
CT overutilization in some cases with no documented
clinical indication from neither NEXUS nor CCR
criteria.

Sheikh et al, reviewed all consecutive
cervical spine radiographs and CTs performed in
the emergent settings based on the established
ACR appropriateness criteria. They found that 32.7%
of the patients, who underwent cervical spine
radiograph, as either the sole imaging modality or in
conjunction with cervical spine CT (6.4%), were
designated as “inappropriate”."’

In our study, we did not recruit the patients
who received only cervical spine radiographs.
However, our findings revealed that 51% of the
patients who received both cervical spine CT and
radiographs, which was higher than the incidence
from the report of Sheikh et al.'” This could be a
result of simultaneous ordering of radiographs and
CT imaging examinations. Another possible reason
of the higher incidence was that the 8" edition of ATLS
guidelines was still widely used among emergency
physicians during our study period, which ranged

from November 2012 to October 2013. Unlike ACR

Chula Med J

appropriateness criteria and the 9" edition of ATLS,
the 8" edition of ATLS mentioned that cervical spine
radiography was the primary screening modality for
all trauma patients who had midline neck pain,
tenderness on palpation, neurological deficits
referable to the cervical spine, or an altered level
of consciousness or in whom intoxication was
suspected.® "

According to the current ACR appro-
priateness criteria, cervical spine radiographs is
regarded as inappropriate imaging investigation
for trauma in the adult. Thus, strict application of the
ACR appropriateness criteria before cervical spine
examination would have decreased unnecessary
radiographs about 51% of patients who received
cervical spine CT (76 studies fewer).

Our study is a retrospective study. This
causes limitation in data collection, particularly clinical
indication for cervical spine CT. As there are many
single center researches on the same topic, to
generalize this data for Thai population could be the

second limitation.

Conclusion

This study shows that satisfied proportion of
91.3% of patients suspected of acute blunt cervical
spine trauma at ER of KCMH were appropriately
sent for cervical spine CT according to ACR
appropriateness criteria. However, our study has
failed to demonstrate the appropriateness in 8.7% of
patient population due to incomplete medical records.
Our study also implies that numbers of patients who
underwent unsuitable bimodality imaging could have
been reduced if ACR appropriateness criteria become

more widely used.
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Our expectation is that this study may
result in improvement of applications of the ACR
appropriateness criteria into practical use, which can
reduce some CT over utilization and dramatically
decrease the rate of unnecessary radiographs to clear
the cervical spine, including optimizing radiation

exposure and cost-effectiveness.

References

1. Sheikh K, Belfi LM, Sharma R, Baad M, Sanelli PC.
Evaluation of acute cervical spine imaging
based on ACR Appropriateness Criteria(R).
Emerg Radiol 2012 Jan;19(1):11-7

2. Griffith B, Bolton C, Goyal N, Brown ML, Jain R.
Screening cervical spine CT in a level |
trauma center: overutilization? AJR Am J
Roentgenol 2011 Aug;197(2):463-7

3. Hoffman JR, Mower WR, Wolfson AB, Todd KH,
Zucker MI. Validity of a set of clinical criteria
to rule out injury to the cervical spine
in patients with blunt trauma. National
Emergency X-Radiography Utilization Study
Group. N Engl J Med 2000 Jul;343(2):94-9

4. Ackland H, Cameron P. Cervical spine - assessment
following trauma. Aust Fam Physician 2012
Apr;41(4):196-201

5. Eyre A. Overview and comparison of NEXUS and
Canadian C-spine rules. Am J Clin Med 2006;
3(4):12-15

6. Stiell IG, Wells GA, Vandemheen KL, Clement CM,
Lesiuk H, De Maio VJ, Laupacis A, Schull M,

nsUszidfiugliefissdonnzuiniuiinszandunasaiunslnelulanuissnaufiaines 153
Tulsonenuraguasnsm

McKnight RD, Verbeek R, et al. The Canadian
C-spine rule for radiography in alert and
stable trauma patients. JAMA 2001 Oct;
286(15):1841-8

7. Michaleff ZA, Maher CG, Verhagen AP, Rebbeck
T, Lin CW. Accuracy of the Canadian
C-spine rule and NEXUS to screen for
clinically important cervical spine injury in
patients following blunt trauma: a systematic
review. CMAJ 2012 Nov;184(16):E867-76

8. Daffner RH, Weissman BN, Wippold FJ II,
Angtuaco EJ, Appel M, Berger KL, Cornelius
RS, Douglas AC, Fries IB, Hayes CW, et al.
Expert Panels on Musculoskeletal and
Neurologic Imaging. ACR Appropriateness
Criteria® Suspected Spine Trauma. Reston,
VA: American College of Radiology; 2012

9. Munera F, Rivas LA, Nunez DB Jr, Quencer RM.
Imaging evaluation of adult spinal injuries:
emphasis on multidetector CT in cervical
spine trauma. Radiology 2012 Jun;263(3):
645-60

10. American College of Surgeons Committee on
Trauma. Advanced Trauma Life Support ATLS
Student Course Manual. 8th ed. Washington,
DC: American College of Surgeons, 2008

11. American College of Surgeons Committee on
Trauma. Advanced Trauma Life Support ATLS
Student Course Manual. 9th ed. Washington,
DC: American College of Surgeons, 2012



