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ORIGINAL RESEARCH
SPINE

Major Radiologic and Clinical Outcomes of Total Spine MRI
Performed in the Emergency Department at a Major

Academic Medical Center
C.W.C. Huang, A. Ali, Y.-M. Chang, A.F. Bezuidenhout, D.B. Hackney, J.A. Edlow, and R.A. Bhadelia

ABSTRACT

BACKGROUND AND PURPOSE: Total spine MRIs are requested by the emergency department when focused imaging can not be
ordered on the basis of history or clinical findings. However, their efficacy is not known. We assessed the following: 1) major radio-
logic and clinical outcomes of total spine MR imaging performed by the emergency department, and 2) whether the presence of a
high-risk clinical profile and/or neurologic findings impacts the clinical outcomes.

MATERIALS AND METHODS: Total spine MRIs requested by the emergency department during a 28-month period were evaluated
for major radiologic (cord compression, cauda equina compression, and other significant findings) and major clinical outcomes (hospital
admission during the visit followed by an operation, radiation therapy, or intravenous antibiotics or steroids). Associations between a
high-risk clinical profile (cancer, infection, coagulopathy) and/or the presence of neurologic findings and outcomes were assessed.

RESULTS: After we excluded trauma or nondiagnostic studies, 321/2047 (15.7%) MRIs ordered during study period were total spine
MR imaging; 117/321 (36.4%) had major radiologic and 60/321 (18.6%) had major clinical outcomes (34/60 in,24 hours); and 58/117
(49.6%) with major radiologic outcome were treated compared with 2/205 (1.0%) without (OR ¼ 99, P, .001). The presence of
both a high-risk clinical profile and neurologic findings concurrently in a patient (142/321) increased the likelihood of major clinical
outcomes during the same visit (OR¼ 3.1, P, .001) and in ,24-hours (OR¼ 2.6, P¼ .01) compared with those with either a high-risk
clinical profile or neurologic findings alone (179/321).

CONCLUSIONS: Total spine MR imaging ordered by our emergency department has a high radiologic and significant clinical yield.
When a high-risk clinical profile and neurologic findings are both present in a patient, they should be prioritized for emergent total
spine MR imaging, given the increased likelihood of clinical impact.

ABBREVIATIONS: CEC ¼ cauda equina compression; ED ¼ emergency department; HRCP ¼ high-risk clinical profile; SCC spinal cord compression; TS ¼
total spine

Twenty-four-hour availability of MR imaging in the United
States has significantly increased its use in spine imag-

ing.1-6 Although this may be beneficial in many instances,
overuse of imaging has become a concern of both hospital
administrators and health care policy makers.1,7 This concern
is based on previous studies that have shown that emergent
MR imaging of the spine rarely results in an immediate clini-
cal intervention.1 Furthermore, it has also been shown that

MR imaging of the lumbar spine does not improve overall
clinical outcome compared with standard clinical care in
patients without “red flags” indicating underlying conditions
such as cancer, infection, or cauda equina syndrome.8

Because clinical symptoms and physical examination are often
inconsistent and inadequate in identifying and localizing spinal pa-
thology in patients presenting with neck or back pain and neuro-
logic deficits,4,9-11 MR imaging is frequently ordered for patients in
the emergency department (ED). Despite increasing regulatory
scrutiny from governmental and private insurers, over-reliance on
expensive imaging studies in this clinical scenario is often justified
because delayed diagnosis and treatment of spinal cord or cauda
equina compression (CEC) may result in permanent morbidity or
even mortality.10-13

While most major radiology departments with 24/7 MR imag-
ing service are able to accommodate unscheduled emergent single-
segment spine MR imaging ordered by the ED, an unscheduled
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total spine (TS) MR imaging can disrupt the normal workflow due
to longer scan and interpretation times compared with a single-
level study and would likely reduce its use.14 It is generally under-
stood that TS-MR imaging is ordered by the ED when patients
have a high-risk clinical profile (HRCP) such as a history of cancer
and clinical suspicion of infection or coagulopathy and when dis-
tinction between spinal cord and cauda equina compression could
not be made clinically.11,14 Except for a single study showing
extremely low radiologic and clinical outcomes of TS-MR imaging
for spinal cord compression,14 there are insufficient data about the
clinical impact of emergent TS-MR imaging examinations ordered
by the ED to assess the appropriateness of these studies or imple-
ment change in use. Therefore, our purpose was to assess the
major radiologic and clinical outcomes of TS-MR imaging per-
formed by the ED and whether HRCP and/or neurologic findings
impact the clinical outcome.

MATERIALS AND METHODS
Patient Population
The patient population was drawn from a major academic med-
ical center (Beth Israel Deaconess Medical Center, Boston,
Massachusetts) serving a large metropolitan city and surround-
ing area, with 704 hospital beds. The hospital is a level 1 trauma
and comprehensive cancer, stroke, neurosurgical, and spine
center with approximately 56,000 ED visits per year.

Institutional review board approval was obtained for this ret-
rospective study of adult (18 years of age or older) patients with a
waiver of informed consent. This study was based on imaging
data collected for a quality-assurance project designed to assess
use of emergent spinal MRIs obtained by the ED at our institu-
tion between March 1, 2016, and June 30, 2018. The inclusion cri-
terion was a TS-MR imaging examination ordered by the ED.
Exclusion criteria were a history of major trauma or a nondiag-
nostic examination. Repeat examinations performed on the same
day for either additional contrast-enhanced images or a nondiag-
nostic, inconclusive, or incomplete initial study were considered
1 examination.

During the study period, 384 consecutive TS-MR imaging
examinations were performed of 2047 spine MRIs ordered from
the ED. We excluded 63/384 TS-MRIs: 46/384 for a history of
major trauma and 17/384 for examinations being nondiagnostic ei-
ther due to severe motion artifacts or pain or claustrophobia (that
were not repeated later). Examinations performed for major trauma
were excluded because most of those studies were performed for
evaluation of abnormalities seen on an initial CT examination or
due to severe neurologic findings and thus would have a bias for an
increased pretest probability of major clinical outcomes. Thus, 321
TS-MR imaging examinations were included in the study.

MR Imaging
The MR imaging examinations were performed on either a 1.5T or
3T Signa HDx scanner (GE Healthcare) or a 1.5T Magnetom
Espree scanner (Siemens). All MR imaging was performed with a
standard protocol, including sagittal T1-weighted, T2-weighted, and
inversion recovery and axial T2 images through the entire spine.
The sagittal images (3-mm thickness; FOV¼ 34 cm; matrix¼ 384–
512�256) covered the entire spine in 2 acquisitions (posterior fossa

to T6–7 and T5–6 to S2–3 levels) and axial contiguous images (5-
mm thickness; FOV¼ 20 cm; matrix¼ 256� 256) in 4 acquisitions
(cervical, upper thoracic, lower thoracic, and lumbar). If gadolinium
was administered, then T1-weighted sagittal and axial postcontrast
images were also obtained (230/321 patients undergoing TS-MR
imaging received gadolinium). Pregadolinium T1-weighted axial
images through the spine were not obtained, to limit the imaging
time, which was 45–50minutes without and 65–70minutes with
gadolinium for a TS-MR imaging examination.

Radiologic Outcomes
TS-MR imaging was considered to have a major radiologic out-
come with$1 of the following findings:

• Spinal cord compression (SCC): severe spinal canal narrowing
with compression of the spinal cord and a lack of surrounding
CSF (Fig 1).15

• Cauda equina compression: severe narrowing of the lumbar
spinal canal on axial images and lack of CSF within the thecal
sac (Fig 2).16

• Other significant findings: findings without spinal cord or
cauda equina compression that may affect clinical manage-
ment (Fig 3), such as an intramedullary spinal cord lesion
(other than myelomalacia), spinal and extraspinal manifesta-
tions of infection (discitis/osteomyelitis and abscess), bone or
soft-tissue abnormalities (fracture, hematoma, lymphadenop-
athy, mass), or vascular abnormalities.

Degenerative spinal stenosis or disc herniation without SCC
or CEC and the presence of neural foraminal narrowing were not
considered major radiologic outcomes for TS-MR imaging.

Clinical Outcomes
TS-MR imaging was considered to have a major clinical outcome
if the patient was admitted and treated with an operation, radia-
tion, intravenous antibiotics, or steroid therapy or image-guided
abscess drainage during the same visit on the basis of the radio-
logic findings. If a patient received empiric IV antibiotics or ste-
roid therapy while in the ED but these treatments were not
performed on the inpatient service, it was not considered a major
clinical outcome. The clinical outcomes were further refined to
identify those who received treatment within the first 24 hours of
arrival to the ED.

History and Neurologic Findings
Electronic medical records of patients including ED and specialist
consultation notes (if available) were reviewed and stratified as
having the presence or absence of HRCP and neurologic findings
accordingly.

Patients were considered to have a HRCP when a history of
cancer, predisposing factors, or evidence for infection (back pain
with fever, intravenous drug use, bacteremia, or laboratory
markers of infection), coagulopathy, prior spinal intervention, or
demyelinating disease was noted in their history.

Patients were considered to have positive neurologic findings
if there was $1 of the following present: bilateral extremity pain
or weakness, sensory deficits, abnormal reflexes, urinary or stool
incontinence, decreased anal tone, and/or saddle anesthesia.
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Data Analysis
The presence and absence of radiologic
and clinical outcomes were recorded.
Patients who had major radiologic out-
come at .1 spinal segment (cervical,
thoracic, or lumbar spine) were consid-
ered to have multisegment disease. The
radiologic outcomes among SCC, CEC,
or other significant findings that were
treated or considered most clinically
symptomatic (from medical records
review) were included in the analysis.

Odds ratios were determined to
assess the strength of association
between the following:

• Major clinical outcomes between
patients with and without major
radiologic outcomes.

• Major clinical outcomes between
patients who had both HRCP and
neurologic findings and those who
had either HRCP or neurologic
findings alone.

A radiologic or clinical outcome$5%
was considered a significant outcome. An
on-line calculator (https://www.medcalc.
org/calc/odds_ratio.php) was used to
determine OR, 95% CI, and significance.
P, .05 was considered significant.

RESULTS
After exclusions for trauma or nondiag-
nostic studies, 321/2047 (15.7%) MR
imaging examinations ordered during
the study period by the ED were TS-
MR imaging. The mean age of 321
patients was 52 6 17 years; 171/321
(53%) were women (52 6 17 years)
and 150/321 (47%) were men (516 17
years).

Radiologic Outcomes
Table 1 shows radiologic outcomes
of 321 TS-MR imaging examinations;
117/321 (36%) had a major radiologic
outcome, and 204/321 (64%) had no
major radiologic outcome. Forty-eight
of 117 (41%) patients with radiologic
outcomes had major findings at multi-
ple spinal segments, and 69/117 (59%)
had major findings at single spinal
segment.

SCC or CEC was noted in 72/321
(22.4%) TS-MR imaging examina-
tions. The most common cause for
SCC or CEC was degenerative disease

FIG 3. A 41-year-old man with a history of intravenous drug use presenting with fever, severe dif-
fuse back pain, and right lower quadrant abdominal pain. The lower portion of total spine MR
imaging with T1-weighted postcontrast sagittal (A) and axial (B) images shows discitis and osteo-
myelitis, with epidural and right paraspinal phlegmon.

FIG 2. An 83-year-old man presenting with lower back pain, leg numbness, leg weakness, and uri-
nary retention. T2-weighted sagittal (A) and axial (B) images from total spine MR imaging show a
herniated L4–L5 intervertebral disc causing severe spinal canal stenosis with a lack of CSF within
the thecal sac, suggesting cauda equina compression.

FIG 1. A 67-year-old woman with a history of breast cancer presented with bilateral lower ex-
tremity and right upper extremity weakness. The upper portion of total spine MR imaging with
T2-weighted sagittal (A) and axial (B) images shows severe compression of the spinal cord at the
T4 level with no CSF visualized within the spinal canal at that level.
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(57%), followed by neoplasm (22%) and infection (14%). Other
significant findings were noted in 45/321 (14%) TS-MR imaging
examinations. The most common cause of other significant
findings was neoplasm (42%), followed by infection (18%), spi-
nal cord lesion (15%), and extraspinal findings (15%).

Clinical Outcomes
Table 1 shows major clinical outcomes of 321 TS-MR imaging
examinations; 60/321 (19%) had major clinical outcome, and 34/
321 (11%) were treated within 24 hours of arrival in the ED.
Patients with a major radiologic outcome were more likely to have
a major clinical outcome (58/117) compared with those without a
major radiologic outcome (2/204, OR¼ 99; 95% CI, 23.5–419; P,

.001). The patients with a major radiologic outcome were also
more likely to have a, 24-hour clinical outcome compared with
those without one (OR¼ 80; 95% CI, 10.7–593; P, .001).

Of the 16/72 patients with SCC/CEC due to tumor, 12/16
(75%) had a major clinical outcome, 9/12 patients underwent an
operation (4 in,24 hours), and 3/12 underwent radiation (1
in,24 hours). Of the 41 patients with SCC/CEC due to degener-
ative disease, 12/41 (29%) had major clinical outcome (3 in,24
hours), and they underwent an operation. Of the 19 patients with
other significant findings (without SCC/CEC) for neoplasm, 2/19
underwent an operation (1 in,24-hours) and 6/19 underwent
radiation therapy within the same visit.

All 18/18 patients with major radiologic findings for infection
(SCC/CEC or other significant findings) had a major clinical

outcome. All received IV antibiotic treatment. Seven underwent
an operation (6 in,24 hours), and 2 had image-guided drainage
of an associated abscess.

Two of 204 patients without a major radiologic finding under-
went an operation. One patient underwent anterior cervical
fusion for cervical radiculopathy with severe foraminal narrowing
at the C5–C6 level with moderate spinal stenosis without cord
compression or cord signal abnormality. The second patient
underwent revision laminectomy with far lateral decompression
and spinal fusion at the L3–L4 levels for radiculopathy.

Impact of HRCP and/or Neurologic Findings on Clinical
Outcomes
Table 2 shows the impact of HRCP and neurologic findings on
major clinical outcomes.

One hundred forty-two of 321 (44%) patients presented with
both HRCP and neurologic findings compared with 179/321
(56%) patients who had either HRCP or neurologic findings
alone (80/179 with HRCP alone and 99/179 with neurologic find-
ings alone). There were no patients without HRCP or neurologic
findings who underwent TS-MR imaging.

The likelihood of a major clinical outcome during an ED visit
(admission followed by an operation, radiation, intravenous antibi-
otics or steroids therapy, or image-guided abscess drainage) was
significantly higher in patients with both HRCP and neurologic
findings than in those with either HRCP or neurologic findings
alone (OR¼ 3.1; 95% CI , 1.7–5.6; P, .001). Finally, the likelihood

Table 1: Radiologic and clinical outcomes of TS-MR imaginga

Radiologic Outcomes of TS-MR Imaging (N= 321) Major Clinical Outcome in Patients, (n ¼ 60/321) (18.6%)
with Major Radiologic Outcome 117/321 (36.4%) During Visit 58/117 (49.6%)b <24 Hours 33/117 (28.2%)c

SCC or CEC 72 36 20
Degenerative disease 41 12 3
Neoplasm 16 12 5
Infection 10 10 10
Hematoma 2 2 2
Iatrogenic 1 0 0
Traumatic findings 2 0 0

Other significant findings 45 22 13
Neoplasm 19 8 1
Infection 8 8 8
Iatrogenic 1 1 1
Spinal cord lesion 7 3 3
Traumatic findings 3 0 0
Extraspinal findingsd 7 2 0

Without major radiologic outcome 204/321 (63.6%) 2/204 (1.0%)b 1/204 (0.5%)c

Note:—Bold indicates total of subsequent raws respectively.
a Clinical Outcome: hospital admission followed by an operation, radiation, IV therapy (antibiotics or steroids), or abscess drainage during same visit as well as in,24
hours and .24 hours after arrival to ED.
bOdds Ratio¼ 99 (95% CI, 23.5–419; P value , .001) between patients with and without major radiologic outcomes.
c Odds Ratio¼ 80 (95% CI, 10.7–593; P value, .001) between patients with and without major radiologic outcomes.
d Psoas muscle abscess and lymphoma.

Table 2: Impact of HRCP and neurologic findings on major clinical outcomesa

Variable
No. of Patients

(N = 321) During Visit
Odds Ratio
(95% CI) P Value <24 Hours

Odds Ratio
(95% CI) P Value

HRCP 1 NF 142/321 (44%) 40/142 (28%) 3.1 (1.7–5.6) ,.001 22/142 (15%) 2.6 (1.2–5.4) .01
HRCP or NF alone 179/321 (56%) 20/179 (11%) 12/179 (7%)

Note:—NF indicates neurologic findings.
aMajor clinical outcomes of patients who had both HRCP 1 NF were compared with patients who had either HRCP or NF alone.
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of,24-hour clinical outcome after an ED visit was also increased
in those with both HRCP and neurologic findings compared with
those with either HRCP or neurologic findings alone (OR¼ 2.6;
95% CI , 1.2–5.4; P¼ .01).

DISCUSSION
Our results suggest that TS-MR imaging performed by the ED at
a tertiary care academic medical center has a high radiologic
yield, with major findings seen in 1 of 3 patients despite using
stringent criteria for a radiologic outcome with positive findings.
Furthermore, although major clinical outcomes of these studies
were lower than radiologic outcomes, they were not insignificant.
Nearly 1 of 6 patients imaged were treated during the same hospi-
tal visit, and nearly 1 of 10 imaged was treated within the first 24
hours of arrival in the ED. We also observed that the clinical yield
of TS-MR imaging was much higher in patients who had both
HRCP and neurologic findings simultaneously than in either of
them alone. Moreover, those with SCC/CEC due to tumor/infec-
tion were more likely to be treated than those with degenerative
disease. Finally, an interesting additional finding of the study was
that the use of strict radiologic criteria improves the clinical
impact of radiologic observation, with nearly half of the patients
with positive radiologic outcomes receiving treatment during the
hospital visit. On the basis of these results, we recommend that
for interpretation of TS-MR imaging studies, strict diagnostic cri-
teria be used to improve their clinical impact.17,18

American College of Radiology recommendations suggest that
performing emergent MR imaging of the spine is appropriate in the
setting of back pain associated with red flags such as cancer, infec-
tion, coagulopathy, or cauda equina syndrome.5 Similarly, many
previous studies have also used signs and symptoms in the patient’s
history and clinical examination in combination as red flags.6,8 In
this study, we took a slightly different approach and used a patient’s
high-risk clinical profile (such as history of cancer, predisposing fac-
tors, or evidence of infection and coagulopathy) and neurologic
findings (neurologic signs and symptoms such as bilateral extremity
pain or weakness, sensory deficits, abnormal reflexes, urinary or
stool incontinence, decreased anal tone, and/or saddle anesthesia)
as separate variables to assess their impact on clinical outcomes of
TS-MR imaging ordered by the ED. We were able to quantitatively
demonstrate that the simultaneous presence of both HRCP and
neurologic findings in a patient significantly increased the likeli-
hood of positive clinical outcomes compared with those who had
HRCP or neurologic findings alone. Our results thus provide a
practical guideline: A patient who has both HRCP and neurologic
findings should be prioritized in the ED setting for an emergent
TS-MR imaging.

Previous studies evaluating the radiologic and clinical outcomes
of spine MR imaging have generally focused on a single-segment
spine study such as cervical or lumbar spine MR imaging.1,19 Black
et al1 looked at the radiologic and clinical outcomes of 179 emer-
gent spine MRIs during a 13-year period. There were 77 cervical, 87
thoracic, and 101 lumbar spine MR imaging studies, in combina-
tion or in isolation, without providing a specific number for TS-MR
imaging. A significant radiologic finding was seen in 104/179
(58%), and 66/179 (36.8%) were treated within 48 hours.1 Another
study by Gardner et al19 looking only at the lumbar spine for

patients with cauda equina syndrome found that 33% of patients
with suspected cauda equina syndrome had positive radiologic find-
ings but only 7% received treatment. Both of these studies used dif-
ferent radiologic outcome criteria and different patient populations
such as those with mixed single- and multiple-segment MR imag-
ing scans as in the study by Black et al and lumbar spine studies in
case of Gardner et al compared with all TS-MR imaging in our
study, making it difficult to compare the results. Nevertheless, our
results are similar to those previous studies when accounting for
these differences.

However, our results are quite dissimilar to those by Potigailo et
al,14 who found a very low 1.4% radiologic outcome of total spine
MR imaging performed by the ED for acute spinal cord compres-
sion, which increased to 4.4.% after an institutional change in policy
of ordering spine MR imaging for spinal cord compression. Unlike
their study, in our study, 22.4% (72/321) of TS-MR imaging was
positive for spinal cord or cauda equina compression despite using
a rather restrictive definition for both the entities. The reason for
the high radiologic outcomes in our study appears to be that our
ED ordered TS-MR imaging only when spine-related symptoms
were associated with a high-risk clinical profile or neurologic find-
ings, and none of the studies were ordered for vague symptoms.

An emergent TS-MR imaging is challenging to a radiology
department both for performance and interpretative purposes
and from the health care policy perspective due to its added cost.
A TS-MR imaging takes between 60 and 75minutes of MR imag-
ing scan time (total MR imaging table time) compared with 25–
35minutes for a single-segment spine MR imaging or brain MR
imaging. Furthermore, most of these studies ordered from the
ED are emergent and need to be performed immediately to avoid
delays in diagnosis and treatment. Because MR imaging scanners
at most major academic hospitals are in constant use, a TS-MR
imaging is difficult to accommodate, given the time required.
There is also a concern about their interpretations around the
clock because large numbers of images have to be reviewed, with
decreased spatial resolution given the larger FOV per a given ma-
trix size, and these may increase the potential for interpretation
errors. Additionally, the cost of obtaining a TS-MR imaging is
more than twice that of a single-segment spine MR imaging. In
light of the aforementioned, it is important to find ways to opti-
mize the use of TS-MR imaging by developing guidelines for its
use, which are currently lacking.

Our data are hypothesis-generating. They have provided a road-
map for a prospective study in collaboration with the ED that may
help in reducing the use of TS-MR imaging. First, how successful
ED physicians are in restricting the TS-MR imaging orders to a sin-
gle level using their clinical judgment even in the presence of equiv-
ocal findings should be assessed. A prospective study would allow a
physician to record the most likely pathologic level while ordering a
TS-MR imaging (when they are unable to restrict it to a single level)
so that their localizing accuracy can be subsequently assessed. Such
a study we believe would be much superior to a retrospective
attempt of comparing results of TS-MR imaging and single-level
MR imaging and can be done without putting patients at risk of
missing a clinically important finding such spinal cord or cauda
equina compression. Second, while a history of cancer may not
have a quick laboratory test to exclude its presence, infection can be
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detected with a rapid laboratory test such as C-reactive protein.
Thus, a prospective study should use estimation of an objective lab-
oratory finding such as C-reactive protein (as opposed to clinical
suspicion of infection) to provide an independent proof of the pres-
ence of infection before an MR imaging is performed.20–22 While a
high C-reactive protein level does not always indicate that a spinal
infection is present because it is nonspecific and could be positive
for infection anywhere in the body, a low level may eliminate the
need for an emergent TS-MR imaging study.

There are a few limitations to our study. First, our hospital
is a tertiary care center with 24-hour MR imaging availability.
Therefore, many patients may have been referred here specifically
for further treatment for a process noted on other imaging techni-
ques at an outside institution. This situation may increase the num-
ber of positive outcomes. However, as noted previously, this effect
was likely minimal because our results are comparable with those
of previous studies. Second, our study was a retrospective one, and
the clinical information about risk profile and neurologic findings
was obtained from the electronic records, which could be missing
some important observations made by the clinicians. While TS-MR
imaging constituted a small percentage (one-sixth) of all emergent
spine MR imaging ordered by the ED during the study period, we
were unable to consistently determine from the medical records
why a particular patient underwent TS-MR imaging in place of a
focused MR imaging study. Likewise, we were not always able to
determine the exact time of onset of the patient’s symptoms that
brought them to the ED and whether their symptoms were a recent
exacerbation of chronic symptoms. Therefore, a prospective study
is required before an attempt is made to decrease/optimize TS-MR
imaging use based on this information. Third, in several cases, doc-
umentation of the timing of treatment was unclear and may have
affected our results for therapy under 24hours. Last, it was not pos-
sible to assess long-term outcomes of patients after they underwent
TS-MR imaging because many patients likely received follow-up
assessment elsewhere.

CONCLUSIONS
We observed a high radiologic yield for TS-MR imaging per-
formed by the ED with clinical outcomes lower but not insignifi-
cant. The presence of both a high-risk clinical profile and
neurologic findings in a patient increases the likelihood of posi-
tive clinical outcomes. We propose that a patient who simultane-
ously has both a high-risk clinical profile and neurologic findings
should be prioritized for emergent TS-MR imaging, given the sig-
nificantly increased likelihood of a clinical outcome.
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Institutes of Health–National Institute of Arthritis and Musculoskeletal and Skin
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