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Delayed or Missed Dlagnosis of Cervical Spine Injurles

Patrick Plaizer, MDD, Nicole Hawswirth, MDD, Manelzy faindl, MDY, Sheila Chatwant, MDY, Vilmor Vecsed, MDD,

and Christian Gaebler, MDY

BICKOrDEN: Correct diagnosss of cer-
wical spine injuris ks sifll a common probiem
In tremmalology. The Incdence of delayed
iagnosts ranges From 5 to 20% . The sim of
this stwdy was 4o analyss the Irequency and
ressn for delaved or mised dlamocks al
this Level I irmmma unit and io provide rec-
ommendatiors for oplimal examinaidon of
palicnts with et cervical spine injurks,

MeMTE Anatvsis of dinkd recomnds
Juries whe were sdmibied o Bhis irwem
depariment befween 158 and 3. In ol
140 patients had an injury of B Opper cer-
wiicul sping (CLACT), 212 palients boad @n in-

Jury of the lewer corviosl spime (C3CTL
amd 15 patienix had a combined injury of
the amd loweT cervical spine

The diagnostic [aflure rale
wits .9% (n = 18). Resulis showed several
profound ressons for misssd or deleyped
dingmests. In cight patients (44% i, radio-
hoglc misinlerpredsiion was responsible
for delay In diagnesdc In five patients
28%), =iz ol T

CONCAIEIME For optimal examination
of patients with sepected corvical spine In-
Jurks, we mecommend stabishing speciiic
disaneedsc algorilhms incedng compleis
sols of proper mdiographs with Nuncilonal

vhews, Y @vabm-
an of e mdlsgraphs by experiencnd stafl,
and furiher radiviogic el (oom-
pﬁd Il.uﬂrl.ph.}. -.lgnuk TN

were responsible. In four mses (22% L. the
Injury was missod bacsnse Inndequabe ra-
dingraphs did not show the level of the
Injury; In one case (6%, the ireating sr-
seom did nod == the redlegraphs.

wikews 15
difficml.

Koy WOrds: Cervical spine injuries,
Dxlays In diagnosls, Common reasons,
IMagnostic slgnrithm.

frequency of 5 to 20%." " The incidence of delayed or

missed dizgnosis al the cervical spine has been reduced
in the last yesrs by increased availshility snd socurscy of
radinlogic examinaion {competed tomography [CT] scan,
magnetic resomance imaging [MEID as well ax improved
dingnnstic slgorithms ol treems departments. Neverthelsss,
incomplete sets of mdiographs, radiologic misinterpretation,
and trauma patienis with maliiple injuries are still common
reasons for delays in cormect di.:gnnsis.“'-: However, the sarly
detection of cervical spine injuries is essential because false
or deleyed disgnosis might lesd o tmgic consequences for
the pafi=nis, renging from newrologic deficils i campleie
tetraplegia **

The aim of this study was o sabyee the frequency of
delwyed or missed disgnosis of cervicsl spine injuries snd the
faciors involved in these diagnostic faileres, and o develop
recommendations for sppropriate clinical end mdickogic ex-
smination of patienls with suspacied corvical spine injaries to
avoid delays in diagnosis.

Fnjhn! i disgnose cervical spine injuries cooers with o
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PATIENTS AMD METHODS

This study retrospectively analyzed the clinical reconds
al 367 patients with fractures andior dislocations of the cer-
wvical spine thal were sdmitisd 1o the Level [ irsoma center
al ¥ienna General Hospital, University of Vienna Medical
School betwesn Janmary 1980 and December 2000, Collecied
data included parameters such &= age, s=x, mechanizm of
injury. level of injury, trestment, rewrclogic siale, Sgnificant
concomitent injuries, and alteration of mental state during
initial examinafion. Deloyed or mised diagnosis was definsd
ax gny injury identified sfier primsry trauma evalustion.

The patienis were evalualed for cervical spine injuries
comesponding to the dl.lgnmuc algorithm of this unit with
;:Inm:ll exsmination and stendend set of ndn:g:m.ph& The

dard =t of radi hs included an Lar view,
a larnl view, and an open- -meuth view af the odontcid.
Oeher series like oblique views, flexion-exienson views, or
swimmer's views wers not mesd routinely. CT scan or MRI
was ondered al the discretion of the trauma surgeon as indi-
caled by the dandard wiews (incomplelz or madequots
mdingraphs) ar by clinical suspicion because of persisent
symploms or neurologic deficis.

T8
In &ll, 140 patients (38%) susinined an injury of the upper
cervical spine (C1AC2), 212 patients (SE%) an injury of the
lower cervical spine (C3-CT), and 15 patients (4%} suffer=d
fromi o combined injery of the upper and lower cervical spines.
Clinical monrds showed severl mechsnisms of injury.
The injuries resulted from car or motorcycle accidenis in
445, falls in 22%, jumps imo shallow woeer in 5%, various

ey 30065
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Cervical Spine Injury: A Clinical
Decision Rule to ldentify High-Risk
Patients for Helical CT Screening

Julkzn A Hanson'

C. Cralg Bscimore 2
Fredenck & Mann"
Antnony JwWiison'

OBECTIVE. We amned bo walidkale the svuting wie of & clmical decsaon rle W Ssset di-
agrina: Enaging of adull bust rasna patices: @ high sk for cervical sping isgury

HATERIALS AND METHODS. We previously developad and bive sinoe noutsely
el & pradicton mle hised on sax clmicd parsmeton o slentily pabeals ol greser thas 5%
risk il cervical spries iy bin andeeg srormurg belcal U7 of the oo spre Dunng @ -
rmonth perd, 4285 wreermy imaging dudes of te covical spine were pafomel in sl
Husd Eauma patenls Sis husbal oo passos (398 mades, 200 fmals, age cnge, 16100
vers, sk wge, 36 yoses) uservesss el CT, and the semander uilerwem 3604 coo-
. (linical and eopont dils were extracted from the mdiol-
oy Scpimmcal disba: medicdl vaonds, i fhe hupital Disna gy Abrmal
isdifggs were independenlly conlimed By mld | s igingg atudics, muopey remlis, of clin-
real cualinme

RESULTS. The Wusjsmalive cervanal sjme mjufy s in belizal OT- sl comeitionsl
ralicggraphny-acremed patsents wha presatad directhy o our temma comier waie 40 (E TH) of
467 and seven (0.2%) of 3684, sspetively. The cervical spine mjury fale @ jaenls wh
were Emniforend fom ouliide malilatas ) oo Fauisa coald sl whe sdarwen belical T
s 37 (26 6%} af 139 This Sguee inclaled 20 paticnls shrealy knowa ko hive cervical spine
Tractizs.

COMCLUSION. The dinical detision rule can dslinguih patients ot high snd bow il

ol carvical apme iipary, U Soppoiteag o vakaity.

s il ool iegary md pershys
we impelenl health bedos =
e Uniled Slales, with an snsusl

imsdence ol 40 p 1 milon population

Wil ey e ] ey Beluast N cervizal
wpins rami [1, 2] Ralisgraphy, dspis &
recgmired limilsions [3], & the stasdard

atulion, ey decsan-ires andhyin model-
irg anl sosidering all kng-lomm aels sl
dnglenmen, hay shown Dul sveming helical
T comn b mose ooil-clfoctne than asimen-
ticemal pudioggraphy, prinvidad e

suneaye lasael CT i, poefiarmed snel the the:
peesahility of cervacal spine fractes in the

itmaging tecknique fin seooening paticnts i el populan swoeds appmoumah,
wmwumqhm %5 [T] Thus, the eptmal imagemy straisgy
ol A fioe & partsuler pusent will depend on that
comprises 4 laieeal e.uup-ph thal cxm- _hnhhpﬂ-hhnn.{qﬂ

plescly shows C7 md . , eetishle | of cervie

apen-mouth odenled vasei [4] Recesl in-
It his b shown = e tocbevigae ol he-
lical CT 1o seroen for cevvacal aping isgury
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[5) Ad of helazal O iver rasdiogra-
i may bk improvad suracy sl
limier diagaisces [i]. Hiwever, belical OT af
e cervical wging @ mes Supenens len
comvenbion eadiogrshy, comes o hagher
ralistion dese, sl may he warased mly 5
Tegh-rik prationts. Benl work from e in-

dq—rwbemhmmhdn-
il akhough sevees] author have popimal
methodi for svetifymg paliont ink: becal
categores of sisk [3, K, 9] We developad &
lirmzal docpoam rule {Agenldivl, banl
bbb - f "
data, et was designad io acleel alul -
tonts with blent Emens who are o greser
e 3% ik fow corvical Eracure W un-
devgn screening helical CT [B0]. Caaidelines
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VALIDITY OF A SET OF CLINICAL CRITERIA TO RULE OUT INJURY

TO THE CERVICAL SPINE IN PATIENTS WITH BLUNT

Jencage B. Horrsasr, MO,

s Monser L Zucken, MO,
BAasTRACT
BRachyrowrsd Bocausa ofinicians fear missing oc

cult carvical-sping injuries, they abtain oervical radio
graphs for naarly all patients who presant with blunt
traum:a. Prewvious resaarch suggests that a sat of clin
izal criteria {decision instrumani) can idantify patients
who harve an extramaly low probability of injury and
whao oonsequantly have no nead for imaging studies.

Methads WWa conducted a prospadive, chsarvation
al study of such a decision instrumant at 21 centars
acrozs the Upited Staies. The decision instrumaent e

Wewsm A, Mowen, MDD, Pl &osm B, Woursow, MUD, Enox H.
ron e Rlamose Esencescy X -Ruoocs pere Unuzamos 3

TEALUMA

Toon, MD., M.PH.,
runy Gaoud®

BCAUSE unrecognized imjury v
cal spinc can produce carasrophic pourlog
ic disabiliry, cliniciarns Bberally order radio
araphs af the cervical gpine, and 2 3 resul
the majority of the rad ':.rh'i are marmal. ' ® FEm
iraring cven 2 small propartion of the approcimarchy
B0, 000 cervical-spane radiographs ordored annually
in the Unived Saees for parions with blune orauma
could lead o subsiamml savings and docrease pa
dones’ exposune 1 ioniting radianion # U

I5E CETve

1. Servikal hassasiyet yok

2. Intoksikasyon gdstergesi yok
3. Mental durumu uyanik

4. Fokal norolojik defisit yok

5. Agrili yaralanma yok

results of assessment with the decision irstrumani,
radiographic imaging could hawve ben aenided in tha
casss of 4208 {12.6 paroent] of the 34,065 ovaluated
pationts

Conclwrions & simpla decision instrument basad
on clinical critaria can halp physicians to identify
liably tha patierits who need adiography of the cer
wvical spina after blunt trauma. Application of this in
strumant could reduce the use of imaging in such
patianits. IM Engl J Mad 200034352880
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I ORIGINAL CONTRIBLTION

For Alert (Glasgow Coma Scale Score = 15)
and Stable Trauma Patlents Where
Cervical Spine (C-Sping) Injury is a Concem
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Implementation of the Canadian C-Spine Rule: prospective
12 centre cluster randomised trial
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CMAJ RESEARCH

Multicentre prospective validation of use of the
Canadian C-Spine Rule by triage nurses in the
emergency department

lan G. Stiell MDD MSc, Catherine M. Clement RN, Annette O'Connor RN PhD,
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Table 4. Sensitivity, Specificity, and Negative Predictive Value of the Two Rules
for 162 Cases of “Clinically Important” Injury among 7438 Patients.*

ORIGINAL ARTICLE

The Canadian C-Spine Rule versus the NEXUS
Low-Risk Criteria in Patients with Trauma
lan G. Stiell, M.D., M.5c., Catherine M. Clement, R.N.,

R. Douglas McKnight, M.D., Robert Brison, M.D., M.P.H.,
Michael ). Schull, M.D., M.Sc., Brian H. Rowe, M.D., M.Sc.,

James R. Worthington, M.B., B.S., Mary A. Eisenhauer, M.D., Daniel Cass, M.D.,

Gary Greenberg, M.D., lain MacPhail, M.D., M.H.Sc., Jonathan Dreyer, M.D.,
Jacques S. Lee, M.D., Glen Bandiera, M.D., Mark Reardon, M.D.,
Brian Holroyd, M.D., Howard Lesiuk, M.D., and George A. Wells, Ph.D.

Result of Assessment Canadian C-Spine Rule MEXUS Criteria
Injury Mo Injury Injury Mo Injury

Positive [no.) 161 3995 147 4599

Megative (no.) 1 3281 15 2677

Sensitivity (36) 90.4 (95% CI, 96-100)7  90.7 (95% CI, 85-94)
Specificity (36) 45.1 (95% CI, 44 46)7  36.8 (95% CI, 36-38)7

Megative predictivevalue 100 99.4
(%)

* A total of 845 cases were classified as indeterminate and are therefore omitted
from this analysis.
1 P=0.001. Cl denotes confidence interval.




TRAUMA/EDITORIAL

Comparison of the Canadian C-5pine
Rule and NEXUS Decision Instrument in
Evaluating Blunt Trauma Patients for
Cervical Spine Injury

Willinm A. Mowsr, MD, PhD

Juroma Hofimea, M0, M&

Pram the Untverstty of Califorma-Les Angrirs Fmerpmoy Medicdne
Cenler, Los Angeies, CA.

See related article, p. 507, and editorial, p. 518.
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Concerned about missing potentially capstrophic new-
relogic injury, emergency physicians have typically
made liberal use of radiographic imaging 1o evaluale
blunt rauma patients for cervical spine injuries. This
practice subjecis large numbers of patients b imaging.
wilh its associaled cost, lime expenditure, and radia-
lipn exposure, inorder Lo detect injury inasmall
minority. Corsequently, decision instruments that
allow clinicians 1o safely reduce cervical spine imaging
have the potential to be of significant value.

One existing instrument, the National Emergency
X-Radiography Utilization Study (NEXUS) law-risk
crileria, has been shawn in prospective application o
more than 34,000 patients 1o havea sensitdvity of
90.6% lor detecting clinically impaortant cervical spine
1|.'|j1.|.ry.' Haowever, in this issue of Amnals, Canadian
researchers, seeking 1o develop their own decision
instrument, report the NEXUS instrument tehave a
sensitivity of less than 3% when retrospectively
applied to their patient population.* These results are
inconsistent with the voluminous data collected dur-
ing the development and validation ol the NEXUS
instrument and are in conflict with the large body of
literatwre that investigated simdlar criteria before Lhe
performance of the NEXUS trial. Furthermore, the
reporied 7% miss rate with the NEXUS crileria is incon-

-1
Copyrghe © 204 by the Armerican Colloge of Emerprncy Phynscians
ot 110368 ey 2002 12,004

sisientwith clinical experience and existing medical
literature, which. except for the rare cases presented in
theoriginal NEXUS report, is virtnally devoid of re-
poris of missed injury.

Thediscrepancy beiwesn these 1 studies reflecis, in
part, anatural asymmetry betwesn the processes ol
“validating” and “invalidating” 2 decision instrument.
Validation studies are quite vulnerable o misdassifica-
tiom errars, and when such errors occur, an instrument
«can easily appear Lo have been “invalidated.” For exam-
ple. [ilure Lo detect imparant chinical findings
because of inadequate evaluations or the use ol sarmo-
gate variables can cause high-risk patienis to be mis-
classified as low risk. Ifinjured high-risk patients are
misclassified in this manner, the reporied sensitivity
anid negative predictive value will decrease. [ncontrast,
iluninjured patients who exhibit high-risk criteria are
misclassified, the reported specificity may be Gzlsely
increased. Misclassificalion can alse decrease the
instrument’s interrater relizbility, as reflecied by mea-
sures such = the w siatistic.

Compared with the performance of the NEXUS deci-
sion instrument documented in the NEXUS report, the
Canadian study reports 2 large decreasein sensitivity,a
small but real decrease in negative predictive valoe, and
an increase in the measured specificity. ' This pattern
suggesis the presence of misclassification errors inthe
Canadian study, and likely resulis from the stady's res-
respectivemethodology and use of surrmgate variables.
Consequently, the Canadian anticle tells us little abouwt
the trae performance of the NEXUS instrument, but
dioes serveas an important warning regarding the use off
decision instruments in general. Clinicians who wish
L usea given instrument must undersiand the defini-
tions used by the instrument, and they musi perform
careful assessments in determining the clasificationof
individual patienis. Failure i wse a decision instru-
ment properly can produce inadequaie and misleading
assessments, can produce mischssification of risk sta-
tus, and can have potentially devasialing consequences.

Bearing these concerns in mind, cliniciansshould
retainconfidence in the reliability of the NEXUS cervi-
«cal spine criteria. Thisinstrument hasalready under-
gonevalidation in a large prospective study invelving a
wide range of institatons, clinical seltings, and clini-
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TABLE 3: Risk-Tailored Cervical Spine Radiologic Examination
in Trauma Patients

Category Cll._':;';ial

1 None

o I Approx.
Radiologic Examination Duration

Radiographs unneces- -
sary
Erect three-view series® 10 min
Lateral
Anteroposterior
Odontoid
3 Medium  Five-view supine-erect 20 min
series
Supine lateral (+ swim-
mers)
Supine odontoid
Supine anteroposterior
Radiologist/clinician must
approve
Erect obliques
Five-view supine-only se- =30 min
ries
Lateral (+ swimmers)
Anteroposterior
Odontoid
Supine trauma

obliques

2 Low

* The three-view examination can be performed with the patient supine when
necessary.

Perspective

Radiology of the Cervical Spine in Trauma Patients:
Practice Pitfalls and Recommendations for Improving

Efficiency and Communication

FRobart M. Vandemark”

Trauma conslitutes & signiticant porilen of emergency depart-
meni practice, Sueh pailents alien have suspecied cervical spine
injury necessitating cervical spine radiographs. The importance
o detecting carvical spine injury is obvicus because failure 1o do
0 can lad 1o iragic consequances for patient and physician
allke, Although most cervical spine radiographs are [usbified,
poorly indicated and unnecessary e saminations ane unlerunately
commenplace, Indiscriminate ordering of cervical spine exami-
nations can easily excesd radiclogy resources assigned fo the
emergency department. Rational ordering practioes ane therefone
essential for efficient patient management. A risk-tailored ap-
proach 1o parforming these examinations, which can Improve
efficiency, is presented. Once obtained, cervical spine radic-
graphs are presumed o delect injury with consistently high
sensitivity. Prevailing conditions of emergency department prac-
tice that may lawer the “sensitivity” of cervical spina radiographs
are reviewed. Overrediance on the initial radiclogic examination
may land 1o inapproprinte haste in the avalustion of suspected
carvical region Injury a8 exemplified by the commonly voiced
mandate 1o “clear the cervical sping™ of injury. This approdch is
discoursged in palients with significant trauma in tavor of a
carful, progressive evaluation of the potentially injured cervical
apine. Periotic review of these complex issues and close oo
opéralion between clinical services are emphasized,

Evaluation of the patient with suspected cervical spine
injury remaing a constant chalange for radiologists and emar-

gency physicians alike. No single component of the rauma
evaluation 50 consistantly produces frustration, anxiety, and
miscommunication, These problems are accentuated in cer-
viEal Sping traUma beCAUSE of e COMMON BSSOCIKON with
permanent, severely disabling spinal cord injuries, Implict in
the traurna resuscitation is the need to protect the spinal cord
from iatroganic injury.

In addressing these concemns, refeming physicians raly
heavly on cenvical spine radiographs (CSR). This approach
can lead 1o indiscriminate ordening practes, especially when
raditgraphs are requishid by protocol rather than with fegard
fo the achual risk of injury in @ paricular patient. Unsalective
ordenng practices can severely strain radology resources
allocated to the emergency department. Even when these
examinations are successfully performed, problems of com-
munication between radiologist and referring physician often
amargi because of discordant expectations of the rol of
CSA in trauma.

The Flood of Cervical Spine Requests: Cause and Efiect

In the past decada, the number of patiants with suspected
cenical sping Injury has increased steadly, paralieled by &
surge in demand for CSR. Faclors fusiing these trends include
the increased frequancy of traumatic injuries, improved phy-
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Perspective

Radiology of the Cervical Spine in Trauma Patients:
Practice Pitfalls and Recommendations for Improving

Efficiency and Communication

Aobert M. Vandemark'

Trauma constiiutes & ignilicant porilen of emergency depart-
men practice, Such pailents aten have suspected cervical sping
injury hecessitaling cervical spine radiographs. The importance
of detecting cervical spine injury is abvious because failure o do
0 can laad Io irgic consequences for patient and physiclan
alike, Although most cervical spine rdiographs are justified,
peorly indicated and unnecaasary axaminalions ane unlorunately
commonplace, indiscriminate ordering of carvical spine axami-
nafions can easily excesd radiclogy resources assigned fo the
emergency department. Antional crdering practess are thereiom
essential for efficient patient management. A risk-tailored ap-
proach fo parorming these sxaminations, which can Improve
efficiency, s presented. Once obtained, cervical spine radio-
graphs are presumed 1o detect injury with consistently high
sensitivity. Prevailing conditions of emergency department prac-
tice that may lower the “sensitivity” of cervical sping radiographs
are reviewed, Cverreliance on the initial radiologic examination
may laad 1o inappropriste hast in the evaluation of suspected
carvical mgion Injury 88 exemplified by the commonly woiced
mandate 1o *clear ihe carvical spine” of injury. This approach is
discouraged in patients with significant rauma in favor of &
careiul, progressive evaluation of the potentiaily injured cervical
dpine. Perlade review of these complex Saues and close oo
‘operation between clinical services are smphasized,

Evaluation of the patient with suspected cenvical spine
injury remaing a constant chalange for radiclogists and emer-

gency physicians alie. No single component of the trauma
evaluation so consistently produces frustration, anxiety, and
miscommunication. These problems are accentuated in cer-
vical spine trauma because of e commen association with
permanent, severely disabling spinal cord injuries, Implict in
the trauma resuscitation is the need to protect the spinal cord
from iatrogenic injury.

In addressing these concems, refemng physicians rely
heavily on cervical sping radiographs: (CSR). This approach
can lead 10 indescrimingte ordening practices, especially when
riiograpts are requisted by protocal rather than with regard
to the actual risk of injury in a particular patient. Unselective
ordening practices can severely strain radiology resources
glipcated 1o the emergency department. Even when these
examinations are successfully performed, problems of com-
munication between radiologist and referring physician often
emergi because of discordant expectations of the role of
C5R in traurna.

The Ficed of Cervical Spine Requests: Cause and Etfect

In the past decada, the number of patients with suspected
candcal sping injury has increased steadlly, parsleled by a
surge in demand for CSR. Faciors fusding these rends include
the increased frequancy of fraumatic injuries, improved phy-
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Use of Flexion-Extension Radiographs of the

Cervical Spine in Blunt Trauma

Charles V. Pollack, Jr.. MA, MD" See related articles, p. 1, p. 12, p. 17, and p. 22.
Gregory W. Hendey, MD*
Daniel R. Martin, MD* Study objective: Flexion-extension (F/E) radiographs of the cer-

Jerome R. Hoffman, MA, MD"
William R. Mower, MD, PhD"
For the NEXUS Group

vical spine are often used in patients with blunt trauma when the
evaluating physician remains concerned about bony or ligamentous
injuries despite negative or nondiagnostic standard radiographs.
The use of this approach has never been addressed in a large
prospective study. We sought to determine the clinical factors
associated with ordering F/E views and the incidence of diagnostic
F/E films in patients with a normal 3-view cervical spine series.

Methods: Patients with blunt trauma selected for radiographic
cervical spine imaging at 21 participating institutions in the
Mational Emergency X-Radiography Utilization Study project under-

Conclusion: F/E imaging adds little to the acute evaluation of

patients with blunt trauma. Other approaches, including mag-

netic resonance imaging, computed tomography, or delayed
F/E, in the presence of specific clinical concerns would seem to
provide a more reasonable approach to adjunctive imaging.

[Pollack CV Jr, Hendey GW, Martin DR, Hoffman JR, Mower W,
for the NEXUS Group. Use of flexion-extension radiographs of
the cervical spine in blunt trauma. Ann Emerg Med. July
2001;38:8-11]




Role of flexion/extension
radiography in neck injuries in
adults

Report by Elspeth Pitt, Specialist Registrar
Checked by Shobhan Thakore, Consultant
doi: 10.1136/emj.2004.017947

Abstract
A short cut revie
flexion-extension
tion of a neurologi
tenderness and ng
Altogether 101 pa
of which five pr
clinical question. T
patient group stu
and study weakneSses :
clinical bottom line is stated.

» CLINICAL BOTTOM LINE

Clinical scenario

A man attends the emergency department having been
involved in a high speed road traffic accident. He complains
of neck pain and midline neck spinal tendemess but has no
neurological signs or symptoms. Standard 3-view cervical
spine radiology (lateral, anteroposterior, and odontoid views)
shows no abnormality. You wonder if a flexion/extension
radiograph would show any significant injury/instability.

In the acute setting FECSR adds little if CT/MR can be used to
seek fractures or ligamentous instability.

Three part question

In [a neurologically intact adult patient with neck pain
following trauma but normal plain radiographs] do [flexion/
extension xrays] aid [diagnosis of ligamentous or soft tissue
injury with instability]?

Search strategy

Medline 1966-05/04 and Embase 1980-05/04 using the Ovid
mmr[auz Iexp neck injuries/ DH nr_mk frauma.mp OR cervical
(OR exp spinal cord
actures/OR cervical
exp cervical verte-
p OR exp spinal
ion.ti OR dynamic
flexion-extension
brvical spine radio-
1p] AND [exp joint
ligament injury.mp
ps/OR  ligamentous
: ies/OR m[[ tissue
LIMIT to hunmn LWU English.

injury.mp]

Search outcome
Altogether 101 papers from Medline and 79 from Embase
were found of which five were relevant (see table 2).

Comment(s)

Most studies are retrospective so the evidence base is limited.
Flexion-extension cervical spine radiography (FECSR) is safe
in the properly selected patient. If the patient has adequate
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Utllity of Flexion and Extension Radlographs of the Cervical
Spine In the Acute Evaluation of Blunt Trauma

Erix K Insip, MDD, PhD, Ficente H. Gracias, MDD, Rgan Gupta, MDD, Claudia E. Goenier, MDD,
Dirvig F. Gavesis, MDD, and Murragy K Daimba, MWD

FIacKOrommt: 1he perjuoc of this
sudy b b imvestigste dhe weefulses of
Mevica ssd eatension radiographs of the
ceryical spine for the scule o aleafive of
ligsunentoes injurs in cases of anadoe Blunl
TE T

Mehds: & revicw of DS crmsasrn-
Rive cases of blusd Dramms o sdeate] with
feziom sl cxiension radiopraphs of the
T YT ——
ar a Lasvel [ iraums cenler v perfiormed.
Thee darn compiled eclnded the Sge, M1,
wiscchanism of asjurs, 1y pe of redispraphic
evalualions, interpretatisn of all radio-
graphic dudies, and dimical eetcane an
Tedllirvs - i

RESORS: siurs-sin of ke patoa
HE2%E) were avelved ia mador velieke
erashes. CMher injerics meludead 15 (sl
(14550, ¥ hllesl scsaale 3.5% )L anid 16
stler types of Diunt orasmes (15% ) Thir-

rm oervical spisc @mjurees were disg-
moseid in 9ol LG paticets (B.5% 0 Lnjorkes
inclesleid twe Mractures, cght scune @i
b rmimlivas., 0n o lpunonDees, in juric. sl
ane conl centusisn dRagniced e the hasis
of all radisdegic cvalustios and <linical
Bollirs -mgp. Sevenry-Tour palienls [ T8%)
hail & rasge of Megion and eolemsion i
Gan inler et s sdaquale e disgesas
purgsiscs. Five of tee 74 pabents (6. T5%)
with ss adegusie ranpge of motion had
cervicsl spiae injuries. Mo Egunontoes in-
jries were smndigniecd is this group.
Thirty-res of e Nevion ssd colension
ciamainstioas (M) were isterprened as
inadeguales hecanse f limiosid  Saotion.
Faur ol the 3 patesis | 255 ) wilk -
cpecate Metios and cvbensing coamination
had injurics selncquentds ddedod on
crass-sediong] imagping (fomgeet ol -

graphic scasning or MaPSclle rodnance
immagingl inclediagy scvere  IERIDEDL e
Ejurs.

FMICHFEAME Wihen sdequate mistan

win presnl on Mesisn and colcsdsion ra-

selocguent  cressseclions]  isagiog  in
these paticnits. Limiosd Nesios aed coien-
sden  meelien  va  physical  ciamisatien
albssuld poreciode thee wie ol Neiom sl ex-
iension raliagraphs, & deey re of aited
e = T —
sty Be warranted in Ehis high-rik greup
af palicats,

KNay Words: Flecies and eosensioe,
R miegraphs, Cerviesl spine.

4 Tremome, 202550208 430



CIRIGINAL

ARTICLE

Use of Flexion and Extension Radiographs of the Cervical
Spine to Rule Out Acute Instability in Patients With
Negative Computed Tomography Scans
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Index terms:

Raceier operating charactenstic
curve (ROC}

Spane, lractures, 31.11,31.12, 31.41

Spine, injuries, 31.11, 3112, 11.41

Trawma, 311.41

Radiology 1999; 211 755785
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Cervical Spine Imaging

in Patients with Trauma:
Determination of Fracture
Risk to Optimize Use'

PURPOSE: To develop a2 method to wuse clinically apparent factors to determine
carvical spinae fracture risk ta guide s=lection of aptimal imaging strategies.

MATERIALS AND METHODS: Records from 472 patients with trauma {168 with
fractures, 304 control patients) who visited the emergency depariment in 1984 and
1985 were reviewed for 20 potential predictars af cervical spine fracture in this
retrospective case-control study. Simple logistic ragression was used to determine
pradictars of cervical spine fracture. Prediction rules were formulated by using
multiple logistic regression and recursive partitiening with bootstrap validation.
Posttest fraciure probabilities were calculated from base prevalence and likelihood
ratios derived for predictors by using Bayes theorem.

RESULTS: Predictors of cervical spine fracture included severe head injury {adjusted
odds ratia [OR] = 8.5, 95% Cl: 4.0, 17.0), high-energy caues {0A = 11.6, §5% CI:
5.4, 25.0}, and focal neurologic deficit (OR = 58, 85% CI: 12, 283). The prediction
rule was usad to stratify patients into groups with fracture probabilities of 0.04%-
19.70%. After adjusting for owerfitting, the area under the receiver operating
charactaristic curve was 0.87.

CONCLUSION: Clinically apparent factors, including cause of injury, associated
injuries. and age, can be used to datermine the probability of cervical spine fracture.
Development of evidence-based imaging guidelines should incorporate knowledge
of fracture probahility.

Spinal cord injuries are a major source of maorbidity and morality inthe United States.
particularly among young persons. Ooowming at a rate of approsimately 50 injuries per
million person-years (1. spinal cord injurtes cost society an estimated $3.4 hillion in 1993
{2). The majority of these cord injuries are related to cervical spine fractures. However, such
fractures may not be clinically apparent. and, if not dingnosed rapidly. they may lead to
subsequent neurologic deficiis, incleding pamlysis (3-5). Accordingly. trowma care, incled
ing the American College of Swurgeons Advanced Trouma Life Support progrom, has
emphasized imaging of the cervical spine (commonly referred (o as “screening” imaging)
firr all patients whaose injunies ruise the possibility of cervical spine fracture (6.

Screening radicgraphy of the cervical spine is expensive, costing sockety as much as 51440
million annually (71, and vsually has a low yield, with only 1%-5% of screening studies
shiowing a fracture (8- 10}, In addition, depending on the dinical situation, from 4% to 28%
of such screening radiographic examinations may lead to further imaging. without a
fracture being present {11 Accordingly, considerable attention has been focused on
developing optimal guidelines for cervical spine imaging. However, the same imaging
strategy may not be appropriate for all patients. Patients with a very low probability of
fracture may not nead any imaging (12,13}, whereas those with a modest probahility of
injury may require radiography. In addition, several authors {14-16) have sugeested that
patients with a high probability of fracture may benefit from screening  computed
tomagrephy (CTh The key to determining who should undergoe soreening and o selecting
the ideal imaging modality i the probability of fracture.

TS
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Cervical Spine Injury: A Clinical
Decigion Rule to Identify High-Risk
Patients for Helical CT Screening

Jukzn A Hanson'
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identify all patizniz with cervical spin= injuri=s b= relged in
the ume of sdditional radiographic sw/is @ cofing wpine
obligee views" " fexion-exiension mdiographs,** or com-
puted tomograyhy (CT) scanning. '™

With the rscent d:velnprmru. af mewer genersfion high

rraad T cmanmare e | wninn (T wemmnina ie bhainn

e e e s I GO R

Scbmited fn publiction

Aeozpied for publicion

Copyright € 005 by Lippinoe Wiliama & Wilkiss, lac

Cemuted T megraphy Vorns Flen Radography i Semes for G
vical Spine lajery: A Ms Azalyex

Askdreen repri s ie: Jamea Frederick Holmes, MID, MPH, Amce. Brod,
L Dhawin Schoad o Mdicine, Depl of Emarpency Madicise, 1313 Siockion
Hivd, D Davia Madical Cortir, PSSR 2100, Sacremmeais, CA TIEIT,
PN S m——————

THH: IO TLT AN 62138 3651924

J Trownz. M 38000 W1,

wtifized with increasing frequency as o scresning ket for
patients wilh polential cervi <\ spine injury. However, d‘:
approprisle screcning lest o nle ol onfalspns 3
the blunt rmma patient ix enclar. The goal of this
analysis is lo compane the lesi performance of plain radiog-
mphy and T for identifying patiznts with cervical spine
injuries afier bBlunl tresmatic evenls.

METHODS

We quirtiad the English-lengusge medical Eesmiurs 1o
examine the iest performance of plain mdicgraphy and com-
muted] iowmon raphy for identifvine catients with cervical snine
injuries. Wt searched MEDLINE for anticles peblished from
Janmary 1945 to June 2004 Ssarch terms inc uded e vicad
spine rases and comy e mwyyo. Te AOHIN.
search was supplemenisd with & manual ssrch of the hibli-
agraphies o’ all srlected articles and & hand srarch of the Four
Jjournzls: The Sournal of Trawms, Injury, Infection, and Crit-
ol Core, Jjpine, Agnaiy of Emerpency Seicine, and Acd-
demic Eme peacy Madicies

Al s=kcied sheir \4s o e "dElVdelvagy we
reviewed in dependently by both authors to geverw e woether
the study mit the inclusion or exclusion oriterin. W included
stndies if they were sither 2 mndomized controlled trid com-
paring phis mdicgruphy with CT for the deiscion of blunt
cervical spiiwe injory or a cohon sudy consisting of patients
wndergoing both plein radicgraphy and helical CT of the
cervical spine for the detection of Bluni cervical spine injory.
Asticles were excluded For any of the following: 1) the plain
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CT Should Replace Three-Vlew Radlographs as the Initlal
Screening Test In Patlents at High, Moderate, and Low RIsk
for Blunt Cervical Spine Injury: A Prospective Comparison

John Railitz, M. Frederic Starr, MD, Mathew Beecroft, MDD, fon Bankaff. MDD, Rocamne Boberts. MDD,
Faran Bokhari, MD, Kimberly Joseph, MDD, Donan Wiley, MD, Andrew Dennis, MDD, Swran Gilkey, MD,

Pawl Erickson, M, Patricia Raksin,

BICROTOIN: An estimaled 10000
Americans suffer cervical spine Injuries
amch year. Niore than B0 cervical
spine radicgraphs {CSH) sre ordered an.
nually. The human and beadlhcars msls
msncialed with thess Injuries are anor-
mos especlally when dizanasis b delayed.
Conireversy exisis In the Berature con-
cerming the disgnostic scouracy of CSR,
wilh sensitivity ranging from
3% o B9%. We sought io compare pro-
spectively (he snsthvity of crviod CT
(CCT) b SR In ihe inilsl dlsgmoss of
hémni corvicel spine Injary for patienis
mﬂﬂﬂmﬂlﬂmuﬂﬂl

% The siudy prospeciively
compared e diagnesitc sccuracy of TSR
o CCT In corescuiive patients evalasied
Tar Bunt irauma during 23 montls & an
urban, publlc leacking hoapital and Level
I Trouma Cender. Inclusion crilerls were
‘dull patient, evalualad Tor Blunl cervical

MD, and Kimberly Nagy, MD

spine Injury, meeling one or more of the
NEXUS crilerls. Al patlemts recelved
bath three-view CSR and CCT as par of
= sandard dngnostlc profoood. Esch C53
and COCT sindy wis Inierpreted Indepen-
dently by & different

nificant inuris (15 sensilive), whereas
CEIt detocted only 18 (3% snsitivel OF
the 50 patients, 15 were o high risk, 19 at
midlorate rid, and 16 at low risk for cer-
vical spine Injury sccording 4o previousty

risk s CSR -

radlology 5
whin wis hilindad (0 e resulls of the other
study. Cinicilly signifiant injurks were
delined s thos: requiring one or momn: of
ihe Follrwing ntervenilons: operaiive pro-
codure., hae application, andéor righd ervi-
‘ol endlar.

RESORE o 1583 consvowtive pa-
lenis evalmabed For blunl cervical spine
Lrunma, T8 (4.9% ) patkenls recelved only
CCT ar CSH and were excludsd fmom the
study. (O the remalning 1,505 patients, 75
{4.9% b evidence of & radicaraphic In-
Jmry by CSR or CCT. OF Biese 75 paients
with radingraphic Injury, 50 (33%) pa-
tlenis had clinically slignificant injuris
COT delectod all pationts with cinicdly -

tected clinically sianificnt Injury n T
high risk (6% sensitivel, 7 moderaie risk
i37% sensitive), and 4 low risk patlents
25% sensliivel.
Car reulis demorstni

e superiority of CCT comparsd with OS5
for the detection of clinkcally sanificant cer-
vical spine Injury. The Improved sbillty io
xclud Injary mpidly provides farther av-
idence thal OCT should replace CSI for e
Indtind e valustion of blunt cervical spine in-
Jury in palicnis at any risk for Injury.

Key ! Biunt cervical spine In-
Jury. Cervical spine refiographs, Corvicsl
spine CT. Prospeciive comparton, Bindsd
radiolglsis,

ervical spine injury (S0} ocoars in 2% o 1049 of all
patients wigh bluni cervical trauma (BCT), resulting in
10,000 new victims per year. The baman and healthcame
oosts associaled with these injaries are enomous. Since pub-
lication in 200K, the MEXUS clinical crileris have become the
standard practice for deciding which patients require cervical
spine imaging.! Although five-view cervical spine radiogra-
phy has been endorsed by the American College of Emer-

T Vi, N e |05 DS,

gency Physicians, a three-view series (AP, laieral, open masath)
remuins the cument proctics in mosd instutions.” Abnommal
cervical spine radiographs (C5E), an inadequaie CSE stady, 2
high suspacion For injury, or the need for maltiple CT soans ofien
prompls physicions 1o onder limilsd or compleie cervical CT
scans (DCT). In many tramma centers, physicins follow the
Fast=m Associstion for the Sargery of Trosmas {EAST) guide-
lines which recommend three-view mdingmphe of the cervical
Spine, sopy with (T scan of any sepicious or inad-
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equalely visusfieed aresx and OCT of C1AC2 in all pafienis
expecied in be obtunded for greater then 28 hours.

Hecent studies have called into question the sensitivity of
C5R = an initizl scoreening tz= for the disgnosis of CSL
Akhough the NEXUS study reporied a sensitiviy of 89%,
Griffen =2 al.? later reporied o sensitivity of only 656 verms
1009 for CCT. This and olher sudies demonstrating the poar
performence of CSR* ¥ have prompisd meny physicians Lo
ask the guestion—should OCT meplace CSR s the initisl
screening dest For CS17 Our siudy prospectively compared the



Plain Radlography Does Not Add Any Clinically Slgnificant
Advantage to Multidetector Row Computed Tomography In
Diagnosing Cervical Spine Injuries In Blunt Trauma Patlents

Raed Hashem, MDD, Christopher C. Evans, MID, Forouph Farrckiyar, PRD, and Kemyer Kehnamoui, MD

EICKOrMI: Cervical spine jc-spine)
i (50 i LTimT pSnis AT SomIman

Teave: e divisnd b dlsros: such Injurics. 1t
s not chinr whether using piadn X-ray Sims In
aldiion 0 hellcal compuiad omography
[T} provides any sddiionsl benefil In

MethadE: we reviewed the charts of
consecutive adull patints with C51 who
were admibied o the Tramma Service ab &
Level | Trauma Center bebwien Jammary
301 and December T4 Pablenis wio
had CT plus X-ray o admission wers en-
lered inin (he study. Exclusion orilera

wire age =16 years, Incomplel:

trauma patfents whe require T &
dmrance of thelr cspine. We hypothe.
steed had three standard X-ray views (an-
leropostzrior, laierl, and odonlold) of the
cspine do nol provide clinkcally signin-
caml odvantsge o Mol detecior e CT

radiology
oo, [plain Mms. or o X1
IdendiMad,

RESHIFE A intal of 121 patients with
dingmosead 51 were induded in ibe sSody.
CT picked up 180% of pallents who had &
51 dlagnosed on plaln Fims and alss de-
tected 47 addithonal C51 that were missod

by plain fims. The sensilivity for CT was
1%, whereas thal of plaln Mms wns
61%. Nine patients with C51 (1%.1% ) who
hasdl alse-megabive plain Mims required op-
erative Indervendhon.

COCAIEITS: Thres standard X-ray
views of the cspine provided ne dinically
sgnificani sdvaniage s Multidetecior
row T In diagneing C51. Revision of
corrend clinkesl  guiddines on c-spine
clesmance & recommended.

Koy WOIdS: Corvical spine. Com-
puicd lemography, Flein X-ray, Reiro-
spective. Datahse.

In diagneedng CS1 in Cremma patients.

ervical spine (c-spine] injuries {C51) are common in
tmuma patients. (n an annmal basis in the United
Stales, these injuries complicate the care of approxi-
mai=ly 4% of patients admitied Lo traurma centers,' contribule
in mpproximaiely G000 deaths ond resuoli in an sdditional
3,504} o 5,000 cases of quadrsplegin ™ At least some of this
burden of morbidity and moriolity ssems prevenishls, =
st 5% 1o 10ME of patients who have sustained a CSI suffer
& worsening of their funclion as & mesult of delays in the
dingnasis and mansgement of their injury ** Thus, it is cril-
ically importent that all patients with polential C51 undergo o
oomprehensive clinical, snd in many cassx, mdiologic exam-
ination bo exclude ghese potentially calssirophic inperies.
Orver the pasl decade, there have been sgnificant efforts
devwolsd Lo creating evidence-based guidelines to assist clinicinns
in their decision as 10 when o remove universal c-spine precan-
tions. Thix is & oriticelly imponient decision &5 inappropriaie
emovel of c-spine proieciion can mesuk in seious newrologic
disabifity or desth.* whereas prolonged immobilirssion con lead
1 pressume ke difficekiss in oiremy mangement® and
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vasoalar sooess ismes. For abtunded tranms patisnts, the most
witely accepted snd clinically implanted guidafines in dair e
Ewen those: meleased by the Easiem Associstion for the Surgery
of Treerma (FASTL™" The fint version of thess guidslines” i
the madel upon which the protocal for “clearing”™ the c-spine o
o instution (Hamikon Health Sciences) is bassd.

In scoondence with the EAST guidelines, oor cafegory [
jpatients (alert, swake, nonintoxicated patiznts without neck pain
or iendemess throeghont full moge of mation) oe clesmd by
clinical examination slone. Category [ patient= {alen and awaks
jpatients with neck pain or midline iendemess, or sge =65 years,
ar having a dengerous mechanism of imjury, or pamsthesiec) we
initislly imaged with three views of the c-spine (anempasisriorn,
lateral, snd odontoid), Gnllowed with compuisd iomogrphy
{CT) for poody vismalied or suspicions aress. Flexion extension
Views of magnetic meonences imaging (MET) may be wed to e
ont ligamenious injury where indicofed, and Swimmers wiews
are used o demansnle te lower c-spine when necesarny. Colegony
I patienix are thiee with sn akensd memisl status snd inowhom =
rium ko full consciosness & nol enticipeled within 48 hours. These
jticnis mocive e wiews with plain radingmaphy (if intsbeied the
oot view is mot perfomned) in addision g0 CT of the c-spine and
Swimmers views il approgrisle. Pafients expecied 0 mgsin oon-
soioenes within 48 hours wemain in mivers] precantions ungl
extehaled and a clinical examinstion i performed, whemes o
exproied B0 mmain moosciows 48 hoos have their oenvicl
collar remeved sfier mdiclogic clesrance by & nepmmdiologsd. 17
amy radiclogic shnomality i detecied, cervical immobiliation is
rmaintained end the spine service is consubed.
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Practice Management Guidelines for ldentification of Cervical
Spine Injuries Following Trauma: Update From the Eastern
Association for the Surgery of Trauma Practice Management
Guidelines Committee

Johr £ Como, MDD, fose J. Digz. MDD, ©. Micheel Durham, MD, William C. Chin, MIY
Therese M. Duame, MDD, feanneite M. Capells, ML Michele B Holevar, MD, Kovar A, Kineaja, MDD,
Julie 4. Mayglothling, MD, Micheel B Shopire, MD, aoed Eleanor 8 Winston, MD
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g, o iderisfication of U8 injary o= 1998 0 2007, The geestions poasd
wone: wha noeds (5 imageng whal iy shosld e chisinad whe
shoeld zompeed wmagraphy, magnetc marame maging, ar fases’
sxtenmon radicgraphs be wed; and how i sigeificnt oo sjuy
exchuded m the cormices pateni?
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njury to the cervical spine (C5) occurs frequently afier
rmp\:ltramna.'ﬂeh‘mmlhm of C5 sability = thus a
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volurme of Heratre has been poblished As a result, the
Practice M: Cuidefines O i sel om o de-
velop updated guidefines for the identification of CF mjury.

Process

Identification of Referemces

A search of the National Library of Madicine and the
Matiomal Institutes. of Health MEDLINE datshaze was per-
formed using PubMed (www.pubmed.gov). The search re-
rieved English langmge articles reganding, the identification
af S injury from 1998 to 2007; review articles, letters o the
aditor, adiorizls, other ilems of gensml commentary, and
case reports were excluded from the search. Thess articles
were then reviewed for relevance by the committes chair, 2nd
the final reference list of 78 cilations was distributed to the
remainder of the study group for review. OF these, 52 were
felt to be useful for construction of fhese guidalines, and an
evidentiary table was constructsd (Table 1)

Quality of the References
Articles were chssified as Class 1, 11, or 11] as described
in the EAST primer on evidence hased medicine & follows:?
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be rermowed as soon as fmsible. Controveny pervisa ngrding U5 clernss
in the chundod pusers without rroes newmiogic St

{f Trunoma. HOO9HET: £51-650)

njury to the cervical spine (C5) occurs frequently afier
major tauma. [etermimation of CS sability s thus 2
common problem encoundersd by those charged with the
acule care of patients with trauma [n this setting, ssveral
issues are of particular concem: who nesds U5 imagmng; what
imaging should be obtained: when should computed tomog-
maphy [C'T] magnm:mmmagmg (MR, or fexion’
(FE) be imed: and how is signifi-
mll@mmmyn‘h&dmmm
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ciatiom for the Surgery of Trauma (EAST) in the Practice
H-ng:m:nl. Gmchluufmlrbemﬁmg Cervical Spine [mju-
mizs Following Trawma published in 19987 A
revision was published in 10002 Since that time a large
volume of Heratre has been published As a result, the
Practice M: Cuidefines ittes sel om o de-
velop updated guidefines for the identification of CF mjury.

Process

Identiication of Referemces

A search of the National Liteary of Madicine and the
Matiomal Institutes. of Health MEDLINE dstshase was per-
formed using PubMad (www.pubmed.gov). The search re-
trieved English language articles regarding the identification
of C8 injury from 1598 to 2007, review articles, letters to the
aditor, aditorials, other items of genemal commentary, and
cass reports were excluded from the search. Thess articles
were then reviewed for relevance by the commities chair, znd
the final reference hist of 78 cilations was distributed to the
remainder of the study group for review. OF these, 52 were
felt to be usefisl for construction of #hese guidalines, and =
evidentiary table was constructsd (Tahle T}

Cruality of the Referenoes
Articles were classified as Class 1, 11, or 111 as descrbed
in the EAST primer on evidence hased medicine as follows:?















Comparative effectiveness of using computed tomography
alone to exclude cervical spine injuries in obtunded

or infubated patients: meta-analysis of 14,327 patients
with blunt trauma

A review

Davip M. Panczyvrowskr, M.D., Nestor D. Tovvez, M.D.,
AND Davip O. Oxoxgwo, M.D., Pa.D.

Depariment of Neurological Surgery, University of Pittsburgh Medical Center, Pittsburgh, Pennsvlvania

Object. The current standard of practice for clearance of the cervical spine in obtunded patients suffering blunt
frauma 1s to use CT and an adjuvant imaging modality (such as ME imaging). The objective of this study was to de-
termine the comparative effectiveness of multislice helical CT alone to diagnose acute unstable cervical spine injury
following blunt trauma.

Methods. The authors performed a meta-analysis of studies comparning modem CT with adjunctive imaging
modalities and required that studies present acute fraumatic findings as well as treatment for unstable injuries. Study
quality, population characteristics, diagnostic protocols, and outcome data were exfracted. Positive disease status
mcluded all injuries necessitating surgical or orthotic stabilization identified on imaging and/or clinical follow-up.

Results. Seventeen studies encompassing 14,327 patients met the mclusion criteria. Overall, the sensitivity and
specificity for modem CT were both = 99 9% (95% CI 095-1.00 and 0.99-1 00, respectively). The negative likeli-
hood ratio of an unstable cervical mjury after a CT scan negative for acute mjury was < 0.001 (95% CI 0.00-0.01),
while the negative predictive value of a normal CT scan was 100% (95% CIL0 96-1.00). Global severity of injury, CT
slice thickmess, and study quality did not significantly affect accuracy estimates.

Conclusions, Modem CT alone is sufficient to detect unstable cervical spine injuries in trauma patients. Adju-
vant imagmg 15 wnnecessary when the CT scan 1s negative for acute mnury. Results of this meta-analysis strongly
show that the cervical collar may be removed from obfunded or infubated frauma patients if a modem CT secan is
negative for acute injury. (DOI: [0.3171/2011 4 INS101672)
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Computed Tomography Alone for Cervical Spine Clearance
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