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BACKGROUND: Whether magnetic resonance imaging (MRI) adds value to surgical planning for patients with acute traumatic cervical spinal cord
injury (ATCSCI) remains controversial. In this study, we compared surgeons' operative planning decisions with and without pre-
operative MRI. We had two hypotheses: (1) the surgical plan for ATCSCI would not change substantially after the MRI and (2)
intersurgeon agreement on the surgical plan would also not change substantially after the MRI.

METHODS: We performed a vignette-based survey study that included a retrospective review of all adult trauma patients who presented to our
American College of Surgeons-verified level 1 trauma center from 2010 to 2019with signs of acute quadriplegia and underwent com-
puted tomography (CT), MRI, and subsequent cervical spine surgery within 48 hours of admission. We abstracted patient demo-
graphics, admission physiology, and injury details. Patient clinical scenarios were presented to three spine surgeons, first with only
the CTand then, a minimum of 2 weeks later, with both the CTand MRI. At each presentation, the surgeons identified their surgical
plan, which included timing (none, <8 , <24, >24 hours), approach (anterior, posterior, circumferential), and targeted vertebral levels.
The outcomeswere change in surgical plan and intersurgeon agreement.We used Fleiss' kappa (κ) tomeasure intersurgeon agreement.

RESULTS: Twenty-nine patients met the criteria and were included. Ninety-three percent of the surgical plans were changed after the MRI.
Intersurgeon agreement was “slight” to “fair” both before theMRI (timing, κ = 0.22; approach, κ = 0.35; levels, κ = 0.13) and after
the MRI (timing, κ = 0.06; approach, κ = 0.27; levels, κ = 0.10).

CONCLUSION: Surgical plans for ATCSCI changed substantially when theMRI was presented in addition to the CT; however, intersurgeon agree-
ment regarding the surgical planwas lowand not improved by the addition of theMRI. (J TraumaAcute Care Surg. 2021;90: 157–162.
Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.)

LEVEL OF EVIDENCE: Diagnostic, level II.
KEYWORDS: Trauma; cervical; spine; MRI; surgery.

T here are more than 200,000 people in the United States
living with traumatic spinal cord injuries, and more than

16,000 new cases occur every year.1 The most common anatom-
ical region of injury is the cervical spine, constituting about half
of all new cases.1 Acute traumatic cervical spinal cord injuries
(ATCSCIs) can have a devastating effect on a patient's physical
and social well-being, and can impose substantial financial bur-
dens on the patient, their family, and the community.2,3 Optimal
medical management is imperative to minimize these burdens,
but there is substantial variability in diagnostic and treatment
approach to ATCSCI.4–11

Upon arrival to the trauma bay, standard practice is to put
patients at risk of an ATCSCI in spine motion restriction (e.g., a
cervical collar) and perform a physical examination using the
American Spinal Injury Association Impairment Scale to help
guide diagnostics and treatment.12–14 If further workup is indicated
by the physical examination or if the patient is unexaminable, a
diagnostic cervical spine computed tomography (CT) is then
performed.12 If the CT does not identify clinically significant in-
juries that are indications for cervical spine surgery, but the physical
examination shows signs of ATCSCI (e.g., a focal neurological def-
icit), diagnostic cervical spine magnetic resonance imaging (MRI)
is recommended.15–18 Whether an MRI is useful if the CT and
physical examination findings indicate a need for surgery is contro-
versial. Currently, preoperative MRI for ATCSCI patients is

relatively common, occurring in 73% of ATCSCI surgeries at
our institution from 2010 to 2019. TheMRI more effectively de-
tects soft tissue injuries, but there are also significant costs and
serious risks associated with the MRI in trauma patients.18–20

There is a paucity of research assessing the usefulness of the
MRI for surgical planning.

We undertook this study to assess the added value of an
MRI in patients requiring surgery for ATCSCI. We had two hy-
potheses: (1) the surgical plan for ATCSCI would not change
substantially after the MRI, and (2) intersurgeon agreement
on the surgical plan would also not change substantially after
the MRI.

PATIENTS AND METHODS

We performed a vignette-based survey study, a validated
research approach to assess clinician decision making.21 The vi-
gnettes were developed from actual patient encounters that were
identified through a retrospective review of all adult trauma pa-
tients (aged 18–89 years) who presented to our American Col-
lege of Surgeons-verified level 1 trauma center from 2010 to
2019. The retrospective review identified 29 patients who pre-
sented with signs of quadriplegia and underwent a CT, MRI,
and subsequent cervical spine surgery within 48 hours, all of
whom were included in the study. We abstracted patient demo-
graphics, comorbidities, anticoagulation status, cause of injury,
time delay until arrival, subjective patient complaints, physical
examination findings, and radiology reports. This information
was anonymized and compiled into the clinical vignettes.

The vignettes were presented in two phases to three neuro-
surgeons, who had 2, 10, and 13 years of experience performing
spine surgery. In Phase 1, the clinical vignettes were presented
along with only the corresponding CTs. In Phase 2, a minimum
of 2 weeks later, the clinical vignettes were presented along with
the corresponding CTs and MRIs. The neurosurgeons were
allowed to see all digital planes of the imaging. In both phases,
after reviewing each clinical vignette and corresponding imaging,
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the surgeons completed a survey in which they determined if sur-
gery was indicated, as well as surgery timing, surgery approach,
and the targeted cervical vertebral levels (Table 1). The neurosur-
geons completed the surveys independently andwere not allowed
to discuss the study with one another.

The primary outcome of this study was change in surgical
plan.We report the frequency with which each individual surgeon
changed their plan—overall and for timing, approach, and levels
separately, each with 95% confidence intervals. We also com-
pared the frequency of changes among the three surgeons using
χ2. We used Fleiss' kappa (κ) to measure the secondary outcome
of intersurgeon agreement, using the standards for interpretation
suggested by Landis and Koch22 (Table 2). Our institutional re-
view board approved this study.

RESULTS

All 3 neurosurgeons completed all 29 vignettes with and
without the MRI, for a total of 174 surgical plans (i.e., 87 with-
out and 87 with the MRI). All three elements of the surgical
plans chosen by the surgeons in our study were substantially
changed after the MRI. The mean ± SD age of the 29 patients
was 46 ± 19 years, 90% were male, and 79% were White, with
97% sustaining blunt trauma. On arrival to the emergency

department, the patients had a heart rate of 83 ± 19 beats per min-
ute, systolic blood pressure of 119 ± 35 mmHg, a spine Abbrevi-
ated Injury Scale score of 5.0 ± 0.2, and an ISS of 34 ± 11.
The patients were in the hospital for 20 ± 20 days, in the ICU
for 12 ± 12 days, and on the ventilator for 10 ± 12 days and
had a mortality of 14%.

Surgical timing was changed in 55% (confidence interval
[CI], 44%–66%) of cases, approach in 44% (CI, 33%–55%) of
cases, and targeted vertebral levels in 63% (CI, 52%–74%) of
cases. When considering any change in the surgical plan (i.e.,
a change in timing and/or approach and/or levels), 93% (CI,
88%–98%) of surgical plans changed after theMRI.When com-
paring surgeons, the rate of changes in the surgical plan after the
MRI was not dissimilar, as shown in Figure 1. The breakdown of
changes in timing, approach, and vertebral levels after the MRI
is shown in Figure 2.

Using Fleiss' κ, Table 3 shows the secondary outcome of
intersurgeon agreement, which in our study is rated as “slight”
to “fair” for all elements of the surgical plan, both before and af-
ter the MRI. κmarginally worsened for all elements of the surgi-
cal plan when the MRI was included with the vignettes.

DISCUSSION

The purpose of the studywas to assess whether the addition
of an MRI alters surgical planning for ATCSCI. We had two hy-
potheses: (1) the surgical plan for ATCSCIwould not change sub-
stantially after the MRI, and (2) intersurgeon agreement on the
surgical plan would also not change substantially after the MRI.
Our study disproved the first hypothesis, as the surgical plan for
ATCSCI was substantially changed after theMRI. Our study proved
the second hypothesis, as intersurgeon agreement remained slight to
fair both before and after the MRI.

TABLE 2. Fleiss’ κ Interpretation

κ Statistic Strength of Agreement

<0.00 Poor

0.00–0.20 Slight

0.21–0.40 Fair

0.41–0.60 Moderate

0.61–0.80 Substantial

0.81–1.00 Almost perfect

Figure 1. A graphic representation of the change in surgical
timing, approach, and vertebral levels, as well as any change
(i.e., timing and/or approach and/or vertebral levels) after the
MRI, by surgeon. The percent represents the proportion of cases
that changed after the MRI.

TABLE 1. Neurosurgeon Survey

Survey Questions

1. Is a surgical intervention indicated? If yes, when?

a. No (not clinically indicated and/or potential benefit does not justify risk)

b. Not now, but reassess in a few weeks

c. Yes, within 8 hours

d. Yes, within 24 hours

e. Yes, but not acutely (i.e., beyond 24 hours)

2. Would/was an MRI (be) helpful for operation planning?

a. Yes

b. No

3. What surgical approach would you take?

a. Anterior alone

b. Anterior with instrumentation

c. Posterior fusion only

d. Posterior decompression only

e. Posterior decompression with fusion

f. Circumferential fusion without decompression

g. Circumferential fusion with decompression

h. Cannot determine surgical approach

4. What level of surgery should be performed (free text answer)?
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Previous studies assessing the utility of the MRI in ATCSCI
patients havemostly focused on screening for ATCSCI on arrival at
the hospital.12,13,16 Substantial evidence has accumulated from
these studies showing that an MRI is necessary for ATCSCI

screening in certain circumstances (e.g., signs of cord compression
on physical examination).7–10,23 However, there is a paucity of re-
search on the value of an MRI for surgical planning. A
vignette-based survey study performed by Grassner et al.9 in

Figure 2. A graphic representation of the breakdown of the change in timing, approach, and vertebral levels after theMRI. The percent
represents the proportion of cases that changed. Timing: Sooner means the surgeon chose to schedule the surgery for an earlier time.
Latermeans the surgeon chose to schedule the surgery for a later time. Cannot determinemeans the surgeon was unable to determine
the timing.No go to gomeans surgerywas deemedunnecessary after theCT and necessary after theMRI.Go to no gomeans surgerywas
deemed necessary after the CT and unnecessary after the MRI. Approach: Changed to circumferentialmeans the approach was changed
from anterior or posterior to circumferential. Changed to posteriormeans the approach was changed from anterior or circumferential to
posterior. Changed to anteriormeans the approach was changed from posterior or circumferential to anterior. Levels:More levelsmeans
the span of vertebral levels was expanded. Fewer levels means the span of vertebral levels was shrunken. Level shift means the span of
vertebral levels did not change but was shifted up or down.
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2019 found the MRI had a substantial impact on the surgical
plan, with a 41% change in timing, 48% change in approach,
and 57% change in levels. Our study found similar changes in
timing, approach, and levels, but we also looked at the surgical
plan as a whole and found that 93% of plans changed in some
way. The vast majority of cases in our study had clear indications
for surgery based on the clinical examination and CT; the three
neurosurgeons chose surgery for 94% of the vignettes after see-
ing the CT alone (i.e., Phase 1 of our study). While current neu-
rosurgery and radiology society guidelines somewhat vaguely
recommend an MRI in suspected ATCSCI cases, we hope this
study will add to the body of literature and further clarify the role
of the MRI for ATCSCI surgical planning.24,25 Given the effect
size seen in our study, we recommend performing both a CT
and MRI on all ATCSCI patients for whom an operation is
deemed necessary.

Despite the value of the MRI in some ATCSCI patients, it
does have risks. A cervical spine MRI takes about 30 minutes at
our institution, in addition to the delay betweenwhen theMRI is or-
dered and performed. Patients with unstable ATCSCI are at risk
during this time. While in the MRI machine, certain patient moni-
toring capabilities may be limited or inconsistent.19 Furthermore,
patients undergoing MRI have been shown to be at higher risk of
hypoxia, hypotension, intracranial hypertension, seizures, and ven-
tilator acquired pneumonia.20 Acute traumatic cervical spinal cord
injury patients with unstable injuries may also be at risk of ATCSCI
exacerbation before and during the scan, as evidenced by two pa-
tients included in our study (Fig. 3). These risks must be weighed
against the potential benefit of an MRI in each clinical scenario.
Although an MRI has risks and financial costs, our study adds
weight to the contention that the MRI plays a key role in ATCSCI
surgical planning and should, therefore, be used whenever feasible.

The low intersurgeon agreement in our study after the CT
was expected. A lack of level 1 evidence has resulted in society
guidelines that are vague and often optional regarding ATCSCI
diagnostics and surgical planning.24,25 For example, timing of
ATCSCI surgical intervention remains a controversial topic,
with older studies suggesting that early intervention is hazardous
and newer studies suggesting that it improves outcomes.8,26 As a
result, there is substantial variability between surgeons and no
clear criterion standard regarding the best diagnostic and treat-
ment approach for ATCSCI.4–11 This variability made the low
intersurgeon agreement after the CT predictable; however, we
did not expect the intersurgeon agreement to worsen after the
MRI in all areas of the surgical plan. We anticipated that increas-
ing the amount of objective information about ATCSCI cases
would lead to greater alignment among surgeons, but that was
not the case. Avignette-based survey study performed by Grauer
et al.6 in 2009 looking at cases of bilateral facet dislocation also
found low intersurgeon agreement, but intersurgeon agreement

did improve somewhat when theMRI was available for planning
(from “poor” to “slight”). One possible explanation for thewors-
ening of intersurgeon agreement after the MRI in our study is
variability in surgical training and imaging interpretation. An-
other possibility is that there was insufficient physical examina-
tion data in the clinical vignettes, as many lacked American
Spinal Injury Association scale data because of imperfect docu-
mentation in the electronic health record. Lastly, the worsening
of the intersurgeon agreement after the MRI also raises the pos-
sibility that the large effect size seen in our study was not due to
the influence of the MRI, but rather to inherent surgeon variabil-
ity or study flaws. Oneway to resolve this issuewould be to con-
duct the study again with the same neurosurgeons and vignettes
after a period of time and compare answers between the two
studies; however, given the time required for the neurosurgeons
to complete these vignettes, that is not feasible. Further research
is warranted to disentangle these effects and further clarify the
usefulness of the MRI in ATCSCI surgical planning.

Several limitations of this study can be attributed to our
approach of building the vignettes based on retrospective chart
reviews. We relied on the accuracy of the electronic health re-
cord and the trauma registry. We would have liked to capture
more physical examination data. Our study also included only
three neurosurgeons; one of the neurosurgeons that participated

TABLE 3. Intersurgeon Agreement

CT Only CTand MRI

% Agreement κ % Agreement κ

Timing 50.6% 0.22 42.5% 0.06

Approach 59.8% 0.35 69.0% 0.27

Levels 17.2% 0.13 20.7% 0.10

Figure 3. Representative images showing the risks of an MRI for
patients with an unstable ATCSCI. (A) and (B) are sagittal CT and
MRI images, respectively, of the same patient taken 6 hours apart,
the MRI after the CT. (C) and (D) are sagittal CT and MRI images,
respectively, of the same patient taken 2 hours apart, theMRI after
the CT. In both patients, the ATCSCI evolved into cord
compression between the two scans.
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in the study had performed three of the cases included in the
study in reality, but it had been over a year since those surgeries.
Our design did not include repeated evaluations of the same sce-
narios that would allow us to estimate the consistency of surgeon
operative planning; therefore, we cannot know whether the dif-
ferences between the surgeons' plans in the CT only versus CT
and MRI scenarios represent an influence of the MRI or simply
inherent inconsistency in surgeons' approach to individual cases.
There is also no established criterion standard against which to
compare the accuracy of the surgeons' operative plans.

In conclusion, surgical plans for ATCSCI changed substan-
tially when the MRI was presented in addition to the CT; however,
intersurgeon agreement regarding the surgical plans was low and
not improved by the addition of the MRI. Further research is
needed to quantify the impact of the MRI on ATCSCI surgical
planning and to account for the low intersurgeon agreement.

AUTHORSHIP

F.R.B., V.Y.W., J.P.A., J.R.O.-B., L.H.B., P.G.T., J.D.A., E.L., S.A., and C.V.R.B.
performed the literature search, study design, data collection, data analy-
sis, data interpretation, writing, and critical revision.

DISCLOSURE

The authors declare no conflicts of interest.

REFERENCES
1. SinghA, Tetreault L, Kalsi-Ryan S, Nouri A, Fehlings MG. Global prevalence

and incidence of traumatic spinal cord injury. Clin Epidemiol. 2014;6:309–331.
2. Furlan JC, Noonan V, Singh A, Fehlings MG. Assessment of impairment in

patients with acute traumatic spinal cord injury: a systematic review of the
literature. J Neurotrauma. 2011;28(8):1445–1477.

3. Sekhon LH, Fehlings MG. Epidemiology, demographics, and pathophysiol-
ogy of acute spinal cord injury. Spine. 2001;26(Suppl 24):S2–S12.

4. Albaghdadi A, Leeds IL, Florecki KL, Canner JK, Schneider EB, Sakran JV,
Haut ER. Variation in the use of MRI for cervical spine clearance: an oppor-
tunity to simultaneously improve clinical care and decrease cost. Trauma
Surg Acute Care Open. 2019;4(1):e000336.

5. Grauer JN, Vaccaro AR, Beiner JM, et al. Similarities and differences in the
treatment of spine trauma between surgical specialties and location of prac-
tice. Spine. 2004;29(6):685–696.

6. Grauer JN, Vaccaro AR, Lee JY, et al. The timing and influence of MRI on
the management of patients with cervical facet dislocations remains highly
variable: a survey of members of the Spine Trauma Study Group. J Spinal
Disord Tech. 2009;22(2):96–99.

7. Fehlings MG, Vaccaro A, Wilson JR, et al. Early versus delayed decompres-
sion for traumatic cervical spinal cord injury: results of the Surgical Timing in
Acute Spinal Cord Injury Study (STASCIS). PLoS One. 2012;7(2):e32037.

8. Mattiassich G, Gollwitzer M, Gaderer F, et al. Functional outcomes in indi-
viduals undergoing very early (<5h) and early (5–24h) surgical decompression
in traumatic cervical spinal cord injury: analysis of neurological improvement
from the Austrian Spinal Cord Injury study. J Neurotrauma. 2017;34(24):
3362–3371.

9. Grassner L, Wutte C, Klein B, et al. Early decompression (< 8h) after trau-
matic cervical spinal cord injury improves functional outcome as assessed
by spinal cord Independence measure after one year. J Neurotrauma. 2016;
33(18):1658–1666.

10. JugM, Kejzar N, Vesel M,Mawed SA, DobravecM, Herman S, Bajrović FF.
Neurological recovery after traumatic cervical spinal cord injury is superior if
surgical decompression and instrumented fusion are performed within 8 hours
versus 8 to 24 hours after injury: a single center experience. J Neurotrauma.
2015;32(18):1385–1392.

11. Tins B, Cassar-Pullicino V. Controversies in “clearing” trauma to the cervical
spine. Semin Ultrasound CT MR. 2007;28(2):94–100.

12. Ciesla DJ, Shatz DV, Moore EE, et al. Western Trauma Association critical
decisions in trauma: cervical spine clearance in trauma patients. J Trauma
Acute Care Surg. 2020;88(2):352–354.

13. Anderson PA,MuchowRD,Munoz A, TontzWL, Resnick DK. Clearance of
the asymptomatic cervical spine: a meta-analysis. J Orthop Trauma. 2010;
24(2):100–106.

14. Kirshblum SC, Burns SP, Biering-Sorensen F, et al. International standards
for neurological classification of spinal cord injury (revised 2011). J Spinal
Cord Med. 2011;34(6):535–546.

15. Inaba K, Byerly S, Bush LD, et al. Cervical spinal clearance: a prospective
Western Trauma Association Multi-institutional Trial. J Trauma Acute Care
Surg. 2016;81(6):1122–1130.

16. Pourtaheri S, Emami A, Sinha K, Faloon M, Hwang K, Shafa E, Holmes L Jr.
The role of magnetic resonance imaging in acute cervical spine fractures.
Spine J. 2014;14(11):2546–2553.

17. Tavolaro C, Ghaffar S, Zhou H, Nguyen QT, Bellabarba C, Bransford RJ. Is
routineMRI of the spine necessary in trauma patients with ankylosing spinal
disorders or is a CT scan sufficient? Spine J. 2019;19(8):1331–1339.

18. Morais DF, deMeloNeto JS,Meguins LC,Mussi SE, Lopes Ferraz Filho JR,
Tognola WA. Clinical applicability of magnetic resonance imaging in acute
spinal cord trauma. Eur Spine J. 2014;23(7):1457–1463.

19. Knight PH, Maheshwari N, Hussain J, Scholl M, Hughes M, Papadimos TJ,
GuoWA, Cipolla J, Stawicki SP, LatchanaN. Complications during intrahospital
transport of critically ill patients: focus on risk identification and prevention.
Int J Crit Illn Inj Sci. 2015;5(4):256–264.

20. Dunham CM, Brocker BP, Collier BD, Gemmel DJ. Risks associated with
magnetic resonance imaging and cervical collar in comatose, blunt trauma
patients with negative comprehensive cervical spine computed tomography
and no apparent spinal deficit. Crit Care. 2008;12(4):R89.

21. Evans S, Roberts M, Keeley J, Blossom JB, Amaro CM, Garcia AM,
Stough CO, Canter KS, Robles R, Reed GM. Vignette methodologies for
studying clinicians' decision-making: validity, utility, and application in
ICD-11 field studies. Int J Clin Health Psychol. 2015;15(2):160–170.

22. Landis JR, Koch GG. The measurement of observer agreement for categor-
ical data. Biometrics. 1977;33(1):159–174.

23. Boese CK, Lechler P. Spinal cord injury without radiologic abnormalities in
adults: a systematic review. J Trauma Acute Care Surg. 2013;75(2):320–330.

24. Expert Panel on Neurological Imaging and Musculoskeletal Imaging,
Beckmann NM, West OC, Nunez D Jr., et al. ACR Appropriateness Criteria
® Suspected Spine Trauma. J Am Coll Radiol. 2019;16(5S):S264–S285.

25. Walters BC, Hadley MN, Hurlbert RJ, et al. Guidelines for the management
of acute cervical spine and spinal cord injuries: 2013 update. Neurosurgery.
2013;60(CN_Suppl 1):82–91.

26. Marshall LF, Knowlton S, Garfin SR, Klauber MR, Eisenberg HM,
Kopaniky D, Miner ME, Tabbador K, Clifton GL. Deterioration following
spinal cord injury. A multicenter study. J Neurosurg. 1987;66(3):400–404.

Buchanan et al.
J Trauma Acute Care Surg

Volume 90, Number 1

162 © 2020 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.


