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— ABSTRACT

Background: There is uncertainty about the
optimal approach to screen for clinically
important cervical spine (C-spine) injury fol-
lowing blunt trauma. We conducted a system-
atic review to investigate the diagnostic accu-
racy of the Canadian C-spine rule and the
National Emergency X-Radiography Utiliza-
tion Study (NEXUS) criteria, 2 rules that are
available to assist emergency physicians to
assess the need for cervical spine imaging.

Methods: We identified studies by an elec-
tronic search of CINAHL, Embase and MED-
LINE. We included articles that reported on a
cohort of patients who experienced blunt
trauma and for whom clinically important cer-
vical spine injury detectable by diagnostic
imaging was the differential diagnosis; evalu-
ated the diagnostic accuracy of the Canadian
C-spine rule or NEXUS or both; and used an
adequate reference standard. We assessed the
methodologic quality using the Quality
Assessment of Diagnostic Accuracy Studies cri-
teria. We used the extracted data to calculate

sensitivity, specificity, likelihood ratios and
post-test probabilities.

Results: We included 15 studies of modest
methodologic quality. For the Canadian C-
spine rule, sensitivity ranged from 0.90 to 1.00
and specificity ranged from 0.01 to 0.77. For
NEXUS, sensitivity ranged from 0.83 to 1.00
and specificity ranged from 0.02 to 0.46. One
study directly compared the accuracy of these
2 rules using the same cohort and found that
the Canadian C-spine rule had better accuracy.
For both rules, a negative test was more infor-
mative for reducing the probability of a clini-
cally important cervical spine injury.

Interpretation: Based on studies with modest
methodologic quality and only one direct
comparison, we found that the Canadian C-
spine rule appears to have better diagnostic
accuracy than the NEXUS criteria. Future stud-
ies need to follow rigorous methodologic pro-
cedures to ensure that the findings are as free
of bias as possible.

clinically important cervical spine
A injury is defined as any fracture, dislo-

cation or ligamentous instability
detectable by diagnostic imaging and requiring
surgical or specialist follow-up.'? These injuries
can have disastrous consequences including
spinal cord injury and death if the diagnosis is
delayed or missed.’ Despite the low prevalence
(< 3%) of clinically important cervical spinal
injury following blunt trauma (e.g., motor vehi-
cle collision), accurate diagnosis is imperative
for safe, effective management.* Currently,
uncertainty exists about the optimal diagnostic
approach. Some guidelines™® advocate using
screening tools to identify patients with a
higher likelihood of clinically important cervi-
cal spinal injury; these patients are then sent for
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imaging to establish the diagnosis. In other
more conservative settings, all patients with
blunt trauma are sent for imaging. The first
approach, involving screening, is arguably
preferable because it optimizes resources and
time, while reducing unnecessary costs, radia-
tion exposure and psychological stress for the
patient.” For screening to be safe and effective,
the screening tools must have high sensitivity, a
low negative likelihood ratio and a low rate of
false positives. This assures clinicians that a
clinically important cervical spine injury is
unlikely and reduces the number of referrals for
imaging.

Clinical decision rules synthesize 3 or more
findings from the patient’s history, physical
examination or simple diagnostic tests to guide
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diagnostic and treatment decisions.** Two clini-
cal decision rules, the Canadian C-spine rule’
and the National Emergency X-Radiography
Utilization Study (NEXUS; Box 1), are avail-
able to assess the need for imaging in patients
with cervical spine injury following blunt
trauma. These rules aim to reduce unnecessary
imaging by reserving these investigations for
patients with a higher likelihood of clinically
important cervical spinal injury. Developed inde-
pendently and validated using large cohorts of
patients, these 2 decision rules are recommended
in many international guidelines.>'"'> However,
no consensus exists as to which rule should be
endorsed.””™ Therefore, the purpose of our sys-
tematic review was to describe the quality of
research evaluating the Canadian C-spine rule
and NEXUS; describe the diagnostic accuracy of
the Canadian C-spine rule and NEXUS; and
compare the diagnostic accuracy of the Canadian
C-spine rule to that of NEXUS.

Methods

Data sources

Three electronic databases (CINAHL, Embase,
MEDLINE) were searched from inception until
Sept. 12, 2011. The search strategy consisted of
terms describing the Canadian C-spine rule and
NEXUS (Appendix 1, available at www.cmaj
.ca/lookup/suppl/doi: 10.1503/cmaj.120675/-/DC1).
We did not use a diagnostic search filter because
even sensitive filters can miss relevant studies and
perform inconsistently.” We screened the reference
lists of included studies and related systematic
reviews to identify diagnostic studies missed by
the database search.

Study selection

Two reviewers (Z.M and C.M., A.V.,, TR. or C.-
W.L.) independently applied selection criteria to
titles and abstracts and then full papers. We
included articles that met the following criteria:
reported on a cohort of patients presenting with

Box 1: National Emergency X-Radiography
Utilization Study (NEXUS) low-risk criteria™

Cervical spine radiography is indicated for
patients with neck trauma unless they meet ALL
of the following criteria:

e No posterior midline cervical-spine
tenderness

¢ No evidence of intoxication

e A normal level of alertness (score of 15 on
the Glasgow Coma Scale)

¢ No focal neurologic deficit
¢ No painful distracting injuries
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symptoms of cervical spine injury following blunt
trauma and clinically important cervical spine
injury was a differential diagnosis; evaluated the
diagnostic performance of the Canadian C-spine
rule or NEXUS criteria; confirmed the diagnosis
of clinically important spinal injury with an ade-
quate reference standard (e.g., plain radiographs,
computed tomography, magnetic resonance imag-
ing); and reported results in sufficient detail to
allow reconstruction of contingency tables. No
language restriction was applied.

Quality assessment

Two reviewers (Z.M. and A.V., TR. or C.-W.L.)
assessed the methodologic quality of studies
using the 11-item Quality Assessment of Diag-
nostic Accuracy Studies (QUADAS) criteria.'t
Studies were included regardless of their risk of
bias.' Disagreements were resolved first in dis-
cussion (Z.M. and A.V,, TR. or C.-W.L.), and
then by an independent third reviewer if neces-
sary (C.M.). The inter-rater reliability of the
quality assessment was evaluated using percent-
age agreement and Kappa (K) statistics.

Data extraction and analysis

Two authors (Z.M. and C.M., A.V.,, TR. or C.-
W.L) independently extracted data, including
the number of participants, setting, characteris-
tics of the index test and reference standard,
prevalence of clinically important cervical
spinal injury, and raw data to enable reconstruc-
tion of contingency tables. We added 0.5 to the
empty cells in the contingency table when a
computational problem existed and calculated
sensitivity, specificity, likelihood ratios, post-test
probabilities and percentage of true negative test
results. We planned to pool sensitivity and
specificity using a bivariate model if included
studies showed sufficient clinical and statistical
homogeneity.'”"* We conducted a sensitivity
analysis to evaluate the diagnostic performance
of the Canadian C-spine rule and NEXUS using
studies that assessed the rule prospectively and
in their entirety.

Results

Our search retrieved 578 articles. Fifteen studies
were included after screening (Figure 1) and all
were published in English. Eight studies evalu-
ated the Canadian C-spine rule alone*** and 6
studies evaluated NEXUS alone.™**** We con-
sidered only one of the studies to be a direct
comparison, because the diagnostic accuracy of
both rules were evaluated prospectively in the
same patients and by the same physicians.” The
other comparison was reported in 2 separate
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studies and evaluated the rules using different
study designs and assessors.>*® We did not con-
sider this to be an accurate direct comparison of
the 2 rules, hence we presented these studies
individually.*** The prevalence of clinically
important spinal injury ranged from 0.4%" to
6%>* (median 1.95%, interquartile range [IQR]
1.13-2.74) and included injuries such as C1 arch
fracture, C2 hangman’s fracture and C6/7 frac-
ture/subluxation, all of which required surgical
intervention, specialist follow-up, or both.
Table 1 outlines the characteristics of the
included studies. Based on visual inspection of
forest plots and statistical testing (a statistically
significant %> and moderate-to-high I* value), we
determined that the included studies were too
heterogeneous to pool.

The quality, percentage agreement and K sta-
tistic for the QUADAS items are shown in Table
2. Inter-rater reliability was slight to poor for
most items, with one item having moderate relia-
bility. No disagreement persisted between
reviewers after the consensus meeting. The
included studies were of modest quality. Only 6
studies reported enrolment of consecutive
patients, highlighting potential selection bias in
the remaining 9 studies.

Six studies used a “gold standard” reference
test for all patients;™'**** the remaining 9 stud-
ies were influenced by differential verification
bias because not all patients underwent imaging
or patients underwent different reference tests at
the discretion of the treating physician. In the 8
studies that used different reference tests,
patients who did not undergo imaging were fol-
lowed up with either the 14-day proxy>"*'*** or
the 21-day surveillance strategy.'”?'** With the
14-day proxy method, patients are contacted by a
registered nurse 14 days after discharge and

have been reduced by an average of 42.0%
(0.6%-75.4%) without missing a clinically
important cervical spine injury. Figure 3 shows
the prevalence of clinically important injury
reported in each study, positive and negative
likelihood ratios and the post-test probability
given a positive and negative test result. The
median negative likelihood ratios of 0.18 (IQR
0.03-0.24) were more informative than the
median positive likelihood ratios of 1.69 (IQR
1.57-1.81). Given the low prevalence of clini-
cally important spinal injury (median 1.95%), a
positive response to the Canadian C-spine rule
only increased the post-probability to 2.4% (IQR
1.30%-5.85%), while a negative test result was
more informative because it reduced the post-
probability to 0.16% (IQR 0.38%—3.08%).

Four studies>**'* were included in the sensitiv-
ity analysis. This analysis reaffirmed that the
Canadian C-spine rule is highly sensitive (range
0.99-1.00) and significantly reduced the range
over which specificity spanned (range 0.42-0.45).

NEXUS

Seven studies assessed the NEXUS rule. Of the
5 prospective studies, 4 assessed the rule in its
entirety'®"*** and 1 assessed a modified version
(adding 7 questions from the Clinical sobriety

Records identified through
database searching
n =578

Excluded n= 138

Records screened
n = 440

Excluded n =404

¢ Duplicate records n = 138

asked 8 questions about pain and return to func-
tion. A positive response to these questions
resulted in patients being asked to return to hos-
pital for imaging investigations. With tlie 21-day Records assessed for eligibility
surveillance strategy, patient logs at major hospi- -

tals and neurosurgical centres were monitored
for readmission.

¢ Not related to cervical spine or blunt trauma
¢ Ineligible design (e.g., systematic review)
¢ Ineligible population (e.g., pediatric population)

Records excluded n =21

e Study type (7 commentaries,
2 systematic reviews, 2 surveys) n =11

* No diagnostic data n=5
e Otherindextest n=3
e Duplicates n=2

Canadian C-spine rule

Of the 9 studies that assessed the Canadian C-
spine rule, 4 were prospective studies>"**'* that
aimed to assess the rule in its entirety; 4 prospec-
tively applied a modified version of the
rule;*** and 1 was a retrospective study.”” The
sensitivity of the Canadian C-spine rule ranged
from 0.90 to 1.0, while the specificity ranged
from 0.01 to 0.77 (Figure 2). The Canadian
C-spine rule had a low rate of false negative
results (0%-0.11%),* and imaging rates would  Figure 1: Flow diagram of studies selected for inclusion.

Y

Studies eligible for data extraction n= 15
e Direct comparison n =1

e Canadian C-Spine rule alone n =8

o NEXUS criteria alone n=6
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assessment tool).” Two were retrospective stud-
ies.”” The sensitivity of NEXUS ranged from
0.83 to 1.0, while the specificity ranged from
0.13 to 0.46 (Figure 2). Similar to the Canadian
C-spine rule, the negative likelihood ratio
(median 0.30, IQR 0.19-0.41) was more infor-
mative than the positive likelihood ratio (median
1.44, IQR 1.14-1.52) (Figure 3). In contrast,
most of the NEXUS studies did not report large
shifts in the post-test probability of clinically
important injury from the prevalence (median
1.95%) with a positive test result (median post-
test probability 3.10%, IQR 2.50%-3.10%) or
negative test result (median post-test probability
0.60%, IQR 0.30%-2.40%). False negatives for
NEXUS ranged from 0% to 1.0%,” and imaging
rates would have been reduced by an average of
30.9% (range 12.6%" to 42.9%*) without miss-
ing a clinically important cervical spine injury.
The findings by Migliore and colleagues®
should be interpreted with caution because this
small study was of low methodologic quality

and the data yield counterintuitive likelihood
ratios (positive liklihood ratio < 1.0, negative
liklihood ratio > 1.0). Only data for the resi-
dents, and not emergency physicians, were
reported because these 2 groups are not statisti-
cally independent and the results for the emer-
gency physicians appeared unreliable because
all study participants were sent for imaging.
Four studies'*"**** were included in the sensitiv-
ity analysis, and these results were consistent
with the primary analysis.

Direct comparison of the Canadian
C-spine rule and NEXUS

The only direct comparison of the 2 rules indi-
cates that the Canadian C-spine rule has better
diagnostic accuracy, as shown by nonoverlap-
ping 95% confidence intervals for sensitivity,
specificity and the likelihood ratios (Figures 2
and 3).” The Canadian C-Spine rule would have
reduced imaging rates by 44%, while NEXUS
would have reduced the rates by 36%.

Likelihood ratio (95% Cl)

Positive

Negative

Canadian C-spine rule
Stiell et al., 2001°

Stiell et al., 2003"

Miller et al., 2006"
Rethnam et al., 2008”
Vaillancourt et al., 2009
Coffey et al., 2010%

Stiell et al., 2010*

Duane et al., 2011%

NEXUS

Hoffman et al., 2000"
Stiell et al., 2003"
Dickinson et al., 2004
Mahler et al., 2009”7
Duane et al., 2011%
Griffith et al., 20117
Migliore et al., 2011*

Direct comparison

Stiell et al., 2003" (C-spine)
Stiell et al., 2003" (Nexus)

1.74 (1.70-1.77)
1.81 (1.77-1.85)
1.80 (1.23-2.64)
3.55 (1.94-6.50)
1.55 (1.38-1.73)
1.63 (1.38-1.92)
1.61 (1.45-1.79)
1.00 (1.00-1.01)

1.14 (1.14-1.15)
1.44 (1.36-1.51)
1.49 (1.42-1.56)
1.52 (1.03-2.24)
1.52 (1.41-1.65)
1.19 (1.07-1.32)
0.98 (0.44-2.22)

1.81(1.77-1.85)
1.44 (1.36-1.51)

0.01 (0.00-0.12)
0.01 (0.00-0.10)
0.24 (0.02-3.25)
0.22 (0.02-2.74)
0.10 (0.01-1.54)
0.13 (0.01-2.00)
0.22 (0.09-0.56)
0.42 (0.03-6.97)

0.03 (0.01-0.11)
0.25 (0.16-0.41)
0.19 (0.11-0.34)
0.30 (0.02-3.98)
0.38 (0.27-0.53)
0.41 (0.16-1.04)
1.05 (0.09-12.09)

0.01 (0.00-0.10)
0.25 (0.16-0.41)

Probability
Prevalence
After test if negative
After test if positive
5 10 15

%

Figure 3: Probability of clinically important cervical spinal injury and likelihood ratios for the Canadian C-spine rule and National Emer-
gency X-Radiography Utilization Study (NEXUS) criteria. For Stiell and colleagues,”’ we were only able to calculate sensitivity, because
we were unable to acquire additional information from the authors.
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Interpretation

We found 15 studies of modest methodologic
quality that evaluated the diagnostic accuracy of
the Canadian C-spine rule and NEXUS. We
found that both rules had consistently high sensi-
tivity, indicating that a negative test result is
highly informative in excluding a clinically
important cervical spine injury and, therefore, the
need for radiographic examination. The value of
a negative test result is further shown by the low
negative likelihood ratio and post-test probability.
In the only direct comparison, the Canadian C-
spine rule had higher sensitivity, and thus gives
fewer false negative results. Because both rules
are based on imaging all patients with positive
results, the low specificity and high false positive
rate means that many people without injury will
undergo unnecessary imaging. The results of the
sensitivity analysis reinforced the primary find-
ings. However, for the Canadian C-spine rule, the
range over which specificity spanned was signifi-
cantly reduced. This suggests that the diagnostic
accuracy of the Canadian C-spine rule is superior
when the rule is used in its entirety.

The findings of this review are consistent with
a previous meta-analysis'* and 2 literature
reviews.' However, our review used a larger
and more sensitive search strategy, which
resulted in a larger number of primary studies
identified for inclusion. In addition, we consid-
ered the methodologic quality of the included
studies when interpreting the diagnostic accu-
racy. As a result, we have outlined an optimal
diagnostic study design for future studies in this
area (Appendix 2, available at www.cmaj.ca
Nlookup/suppl/doi:10.1503/cmaj.120675/-/DC1)
in order to reduce potential biases.

Clinically, our review highlights the effective-
ness of the Canadian C-spine rule and NEXUS
in clearing the cervical spine without the need
for imaging, while maintaining patient safety.
Although most of the studies included in this
review are validation studies, only the Canadian
C-Spine rule has been evaluated in an impact
analysis study, which further supports its use in
practice.” Despite these findings, there is a more
liberal use of imaging in current clinical practice,
which may reflect patient preference, physicians’
fear of litigation or missing a fracture, or uncer-
tainty of the application or accuracy of the
screening tools. Improved education of physi-
cians may facilitate greater use of these rules. In
particular, educational content should focus on
the subjective components of the Canadian C-
spine rule (e.g., dangerous mechanism of
injury,’' range of motion assessment) and
NEXUS (e.g., distracting injuries, intoxication)*

because these components were most frequently
misinterpreted.

Educating patients may also improve the uti-
lization of these screening tools. In the absence
of any clinical indication of a clinically impor-
tant cervical spinal injury, routine imaging is not
associated with psychological benefits or
improved outcomes.” Patients knowledge of this,
together with knowledge about the accuracy of
these screening tools weighed against the poten-
tial harms of unnecessary radiation exposure,
would allow for more informed decisions to be
made. To ease the concerns of patients dis-
charged without imaging, further evaluation of
alternate follow-up strategies, such as the 14-day
proxy, would be beneficial for both clinical prac-
tice and research. Currently there is only limited
data to support the use of the 14-day proxy as a
reference standard,* and there is no data on the
accuracy of the 21-day surveillance strategy.

Limitations

Limitations of this review included the selected
use of data sources, the moderate methodologic
quality of the included studies and the heterogene-
ity, which prevented pooling. Although a sensitive
search strategy including citation tracking was
used to identify eligible studies, we did not search
for grey literature (e.g., contacting key authors to
identify unpublished data). The inability to pool
results means that the findings of this review are
based on individual studies and only one direct
comparison. Factors contributing to the hetero-
geneity identified included between trial varia-
tions in methodologic quality, clinical characteris-
tics (e.g., professions applying the rules, their
experience and training) and within-trial varia-
tions in how rules were interpreted and applied.

Conclusion

Based on studies with modest methodologic
quality, we found that both the Canadian C-spine
rule and NEXUS were highly sensitive rules that
have the potential to reduce imaging rates. How-
ever, the lower specificity and false-positive
results indicate that many people will continue to
undergo unnecessary imaging. In the only direct
comparison, the Canadian C-spine rule appeared
to have better diagnostic accuracy, and it should
be used over NEXUS to assess the need for cer-
vical spine imaging. Future studies of diagnostic
test accuracy need to ensure that rigorous
methodologic procedures are followed to reduce
bias. Furthermore, the evaluation of these tools
in settings outside of emergency departments, in
pediatric and older populations and by primary
care physicians, such as general practitioners and
physiotherapists, is also required.
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