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ABSTRACT 

Objective 

To determine if MRI gadolinium enhancement patterns in myelopathies with longitudinally-

extensive T2-lesions can be reliably distinguished and assist in diagnosis.  

Methods 

We retrospectively identified 74 Mayo Clinic patients (1/1/1996–12/31/2019) fulfilling the 

following criteria: 1) Clinical myelopathy; 2) MRI spine available; 3) Longitudinally-extensive 

T2-hyperintensity (≥3 vertebral segments); and 4) Characteristic gadolinium enhancement 

pattern associated with a specific myelopathy etiology. Thirty-nine cases with alternative 

myelopathy etiologies, without previously described enhancement patterns, were included as 

controls. Two independent readers, educated on enhancement patterns, reviewed T2-weighted 

and post-gadolinium T1-weighted images and selected the diagnosis based on this knowledge. 

These were compared to the true diagnoses and agreement was measured with Kappa coefficient. 

Results 

Among all cases and controls (n=113), there was excellent agreement for diagnosis using post-

gadolinium images (Kappa, 0.76) but poor agreement with T2-weighted characteristics alone 

(Kappa, 0.25). A correct diagnosis was more likely when assessing post-gadolinium image 

characteristics than with T2-weighted images alone (Rater 1: 100/113 [88%] vs 61/113 [54%] 

correct, p<0.0001; Rater 2: 95/113 [84%] vs 68/113 [60%] correct, p<0.0001). Of the 74 with 

characteristic enhancement patterns, 55 (74%) were assigned an alternative incorrect or non-

specific diagnosis when originally evaluated in clinical practice, 12 (16%) received 

immunotherapy for non-inflammatory myelopathies, and 2 (3%) underwent unnecessary spinal 

cord biopsy. 

 

 

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.  

 



 

Conclusions 

Misdiagnosis of myelopathies is common. The gadolinium enhancement patterns characteristic 

of specific diagnoses can be identified with excellent agreement between raters educated on this 

topic. This study highlights the potential diagnostic utility of enhancement patterns in 

myelopathies with longitudinally-extensive T2-lesions.  
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Introduction 
 
Rapidly identifying the etiology of myelopathy is crucial as severe neurologic deficits may ensue 

when diagnosis and disease-specific treatment are delayed. Prior studies have shown that 

myelopathy diagnosis can be challenging, and in practice the term idiopathic transverse myelitis 

(ITM) is often proposed as a diagnosis inappropriately.1 In one study of patients referred with a 

presumptive diagnosis of ITM, only 54 percent had a confirmed inflammatory etiology.2 

Previously, we reported that 70 percent of patients referred with a diagnosis of ITM were 

diagnosed with an alternative, more specific myelopathy diagnosis. Presumptive diagnosis of 

ITM may lead to premature termination of diagnostic evaluations and inappropriate treatment 

decisions that drastically affect patient outcomes.1 

 

The pattern of gadolinium enhancement accompanying longitudinally-extensive T2-

hyperintensities can be a critical clue to diagnosis and guide further investigations to confirm the 

diagnosis. Several gadolinium enhancement patterns have been proposed to strongly suggest a 

specific etiology including: linear craniocaudal strip of enhancement in spinal cord infarction 

(SCI);3 tract-specific enhancement in paraneoplastic myelopathy;4 “pancakelike” transverse band 

of enhancement in spondylotic myelopathy;5 dorsal subpial enhancement6, 7 and axial “trident” 

sign8 in sarcoid myelopathy; ring/partial ring enhancement in neuromyelitis optica spectrum 

disorders (NMOSD);9 “missing-piece” sign in spinal dural arteriovenous fistula (DAVF);10 and 

“rim” and/or “flame” signs in intramedullary spinal cord metastases.11 Whether these can be 

reliably identified or distinguished has not yet been established. In this study, we tested whether 

such specific gadolinium enhancement patterns could be reliably distinguished and assist in 

determining the diagnosis of myelopathy beyond the T2-weighted images alone. 

 

Methods 
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Standard protocol approvals, registrations, and patient consents 

All patients in our study consented to the use of their medical records for research purposes. The 

study was approved by the institutional review board of Mayo Clinic, Rochester, Minnesota 

(IRB 19-004180). 

 

Patients 

Patients for this study were retrospectively identified from prior Mayo Clinic published studies 

analyzing these gadolinium enhancement patterns including spinal cord infarct (n=8),3 

paraneoplastic myelopathy (n=3),4 spondylotic myelopathy (n=8),5 sarcoid myelopathy (n=14),6, 

8 aquaporin-4-IgG (AQP4-IgG) positive NMOSD (n=7),9 DAVF (n=3),10 intramedullary 

metastasis (n=10),11 and from our database of non-traumatic myelopathy patients (n=21) for a 

total of 74 patients over a time range of 1/1/1996 to 12/31/2019. For our gadolinium 

enhancement pattern group we included these 74 patients fulfilling the following criteria: 1) 

Clinical myelopathy; 2) MRI spine with and without gadolinium from time of clinical 

presentation available for reanalysis; 3) Longitudinally-extensive T2-hyperintensity in the spinal 

cord defined as a parenchymal T2-hyperintensity extending 3 or more vertebral segments on 

sagittal sequences; and 4) A classic gadolinium enhancement pattern associated with a particular 

myelopathy etiology as described in prior publications (Table 1). Images were reviewed by R.M. 

and E.P.F. and consensus was reached if a characteristic enhancement pattern was present and 

those deemed to have moderate or poor quality imaging that prevented a characteristic 

enhancement pattern being visible were excluded. Also, patients not fulfilling the definitions for 

each diagnosis below were excluded. Hyperintense T1 signal post-gadolinium in all cases was 

true enhancement (i.e., not inherent pre-contrast T1 hyperintensity as can be seen with blood 

products for example). The Mayo Clinic electronic medical records of all patients, including 

detailed history and examination findings, laboratory values, and imaging findings were 
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independently reviewed by two investigators for study inclusion (R.M., E.P.F.) and R.M. 

abstracted clinical data. The initial diagnoses assigned to patients in clinical practice after 

imaging was available were recorded as were final clinical diagnoses by criteria described below. 

In cases where the initial diagnosis differed from the final diagnosis, additional details regarding 

medical treatments prescribed to patients and/or surgical procedures performed were also 

recorded.  

 

Clinical diagnosis definitions in patients with enhancement patterns 

The final clinical diagnosis was defined for each disorder based on published criteria or based on 

the description from prior studies as follows: (1) SCI by its published diagnostic criteria;3 (2) 

paraneoplastic myelopathy by clinical diagnosis and as an additional requirement an antibody 

strongly associated with cancer (>80% positive predictive value) or a concurrent cancer in 

accordance with its definition from a prior study;4 (3) spondylotic myelopathy with enhancement 

by both clinical diagnosis and surgical decompression to have been performed as previously 

described;5 (4) probable or definite neurosarcoidosis (pathologically confirmed systemically or 

of the nervous system) by the consensus diagnostic criteria;12 (5) Aquaporin-4-IgG seropositive 

NMOSD by the international consensus diagnostic criteria;13 (6) DAVF by identification of a 

fistula on spinal cord angiography;14 and (7) intramedullary metastases by the clinical diagnosis 

and/or pathologic confirmation within the cord as previously described.11 Each of the included 

74 patients with characteristic enhancement patterns may not necessarily have completed all of 

the comprehensive diagnostic workup discussed above, but did at minimum undergo the 

appropriate diagnostic testing (e.g., spinal cord angiography for DAVF) for confirmation of the 

final clinical diagnosis assigned. 

 

Diagnoses in controls 
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We selected 39 patients with other confirmed myelopathy diagnoses and a sagittal T2 

longitudinally-extensive hyperintense lesion (≥3 vertebral segments) with accompanying 

gadolinium enhancement from our myelopathy database of patients utilized in prior studies.5, 15, 

16 The  alternative confirmed diagnoses included: primary spinal cord tumor, 30 (ependymoma, 

13; primary intramedullary spinal cord lymphoma, 7; hemangioblastoma, 5; astrocytoma, 2; 

ganglioglioma, 1; primitive neuroectodermal tumor, 1; glioma not otherwise specified, 1); MOG 

(myelin oligodendrocyte glycoprotein)-IgG-associated myelitis, 8; and spinal cavernous 

malformation, 1.  

 

Study design and radiology review 

Two readers, a board certified neurologist (A.S.L.C.) and neuroradiologist (T.J.P.) not previously 

involved in establishing any of the described enhancement patterns, were educated on the 

described gadolinium enhancement patterns summarized in Table 1 and shown an example of 

each similar to those outlined in Figures 1 and 2; the training set did not include cases used in the 

study set. Representative MRIs were reviewed directly on Quick Query Radiographs and 

Photographs Electronic Analysis and Display Station (QREADS) or Visage Picture Archiving 

and Communication System (PACS) neuroimaging programs. Sagittal T2-weighted, axial T2-

weighted, post-gadolinium sagittal T1-weighted, and post-gadolinium axial T1-weighted 

imaging sequences were collected for blinded assessment; both studies from Mayo Clinic and 

from other institutions were included in the assessments.   

 

Blinded to clinical details including diagnosis and imaging sequences other than MRI of the 

spine, both readers initially reviewed the T2-weighted sequences for each case and 

independently selected the most likely diagnosis from those available in Table 1 based on T2-

abnormalities (e.g., adjacent spinal cord flow-voids in DAVF). Subsequently, they independently 
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reviewed the post-gadolinium T1-weighted sequences and selected the most likely diagnosis 

from the same list. If a characteristic pattern suggestive of a specific myelopathy diagnosis could 

not be identified, the readers were instructed to select “other” as the most likely diagnosis. The 

selected diagnoses were compared with the established diagnoses.   

 

Statistical analysis 

Summary statistics were reported as percentage correct. Inter-reader agreement was assessed 

using Cohen’s Kappa (κ) test, and McNemar’s test was used to compare the diagnostic accuracy 

(percentage correct) of each reader with the availability of T2-weighted imaging sequences alone 

versus with the additional availability of post-gadolinium T1-weighted imaging sequences (JMP 

software 14.0; SAS Institute, Cary, NC). Terminology suggested by Fleiss17 was used to 

associate descriptive terms to numerical values of the Kappa statistic. We defined Kappa (κ) 

values of:  <0.4 as poor agreement; 0.4-0.75 as fair to good agreement; and >0.75 as excellent 

agreement. 

 

Data Availability 

Anonymized data used for this study are available from the corresponding authors on reasonable 

request. 

 

Results 

The demographics and distribution of the 74 patients with confirmed gadolinium enhancement 

patterns are summarized in Table 2. Among all cases and controls (n=113), there was excellent 

agreement 94/113 (83%) between raters using post-gadolinium images (Kappa, 0.76) but poor 

agreement 71/113 (63%) utilizing the T2-weighted pattern alone (Kappa, 0.25). When 

considering T2 images alone, both reviewers made incorrect diagnoses 24% (27/113) of the time, 
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whereas when considering post-gadolinium images, this only occurred 5% (6/113) of the time 

(p=<0.001). Representative neuroimaging examples highlighting the utility of the gadolinium 

enhancement pattern for each myelopathy diagnosis, including two examples of control cases 

(MOG-IgG associated myelitis, ependymoma), are illustrated in Figures 1 and 2.  

 

Each rater assigned the correct diagnosis based on the gadolinium enhancement pattern more 

frequently than based on T2-image characteristics alone (Rater 1, 100/113 [88%] vs 61/113 

[54%] correct, p<0.0001; Rater 2, 95/113 [84%] vs 68/113 [60%] correct, p<0.0001). Accuracy 

of diagnosis by gadolinium enhancement pattern and T2-weighted images for each myelopathy 

diagnosis by each of the two readers is summarized in Table 3. Of note, sarcoid myelopathy and 

spondylotic myelopathy were identified with very high accuracy using post-gadolinium images 

by each of the two raters (Rater 1, 22/23 [96%] accurate for sarcoid myelopathy, 13/13 [100%] 

accurate for spondylotic myelopathy; Rater 2, 20/23 [87%] accurate for sarcoid myelopathy, 

12/13 [92%] accurate for spondylotic myelopathy). 

 

Among the 13 cases incorrectly identified by Rater 1 using post-gadolinium images, aquaporin-

4-IgG seropositive NMOSD was the least reliably identified in this study with 5 cases 

misidentified as “other.” Similarly with Rater 2, of the 18 cases incorrectly identified using post-

gadolinium images, NMOSD again was the least reliably identified with 5 cases misidentified as 

“other” and 1 misidentified as intramedullary metastasis. Table 4 summarizes all of the 

incorrectly assigned diagnoses by each of the two readers after reviewing post-gadolinium 

images. 

 

Of the 74 patients with characteristic gadolinium enhancement patterns, 55 (74%) were assigned 

an alternate, incorrect, or non-specific diagnosis when originally evaluated in clinical practice 
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prior to having their final diagnosis confirmed (Table 5) despite the availability of post-

gadolinium sequences at that time. Twelve patients (16%) had received immunotherapy for non-

inflammatory myelopathies including: IV corticosteroids (11), plasma exchange (3), and IV 

immune-globulin (1). Two patients (3%) with spondylotic myelopathy underwent spinal cord 

biopsy revealing nonspecific inflammatory changes.  

 

Discussion 

This study showed that gadolinium enhancement patterns can be identified with excellent 

agreement between two raters, increasing the diagnostic accuracy beyond the corresponding T2-

weighted imaging sequences alone. While our study is limited by the highly selected group of 

patients we included, our findings suggest that improved knowledge on gadolinium enhancement 

patterns may help reduce misdiagnosis of myelopathies with longitudinally extensive T2-lesions.  

 

This study highlights the importance of obtaining post-gadolinium images in patients with 

myelopathy accompanied by a longitudinally-extensive T2-hyperintense lesion. Following 

education, these characteristic gadolinium enhancement patterns associated with specific 

myelopathies were readily and reliably identified by a neurologist and neuroradiologist. This is 

important because 74% of patients in this study were misdiagnosed initially, and in our 

experience the gadolinium enhancement pattern is particularly useful in guiding the clinician 

towards the correct diagnosis. The risks of misdiagnosis in myelopathy are not trivial. For 

example, treating a spinal cord infarct with IV immune-globulin, which is prothrombotic, or with 

plasma exchange, which can result in hypotension, could extend the infarct.3 Furthermore, 

treatment with corticosteroids in patients with DAVF has the potential for irreversible 

neurological impairment from increased venous hypertension.18 Spondylotic myelopathy with 

enhancement is misdiagnosed in up to 70% of cases as neoplastic, subjecting patients to risk of 
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morbidity from potential spinal cord biopsy, or inflammatory myelopathies, placing patients at 

risk of long term immunosuppression; furthermore, delay in surgical decompression risks 

accumulation of irreversible disability.5 Recognition of tract specific gadolinium enhancement in 

paraneoplastic myelopathy facilitates decisions to search for an otherwise occult malignancy 

responsible for the neurologic syndrome that often precedes cancer detection; paraneoplastic 

antibodies also assist but are not always detected.4 Recognition of the enhancement pattern may 

direct investigations to a specific diagnosis rather than a wider range of investigations and may 

thereby be a cost reduction strategy. Accurate diagnosis may reduce the prescription of costly 

ineffective medications where they are not appropriate (e.g., rituximab for spinal cord infarct). 

 

Evaluation of neuroimaging alone is insufficient for diagnosis, though integrating neuroimaging 

with clinical and laboratory features is particularly powerful. The time to nadir is particularly 

important in myelopathy evaluation, and the presence of a hyperacute myelopathy along with the 

linear craniocaudal strip/owl eye enhancement pattern can help increase the confidence for a 

spinal cord infarct. Progression of the myelopathy beyond 21 days argues against ITM as the 

cause and should raise suspicion for an alternative cause. In this situation identification of one of 

the enhancement patterns can be very useful in suggesting the diagnosis. Laboratory studies such 

as serum antibody biomarkers (e.g., AQP4-IgG and MOG-IgG) and cerebrospinal fluid analysis 

provide powerful clues in evaluation of longitudinally-extensive T2-hyperintense cord lesions 

and should be used in conjunction with the gadolinium enhancement pattern. However, 

sometimes the enhancement pattern can be more specific than the serology.19 

 

In this study we assessed multiple enhancement patterns occurring at varying frequencies. Some 

patterns were more reliably detected than others. The dorsal subpial (Figure 1D.c) and axial 

“trident” (Figure 1E.d) enhancement patterns of sarcoid myelopathy and “pancakelike” 

 

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.  

 



transverse band  of enhancement on sagittal sequences (Figure 1C.c) with sparing of axial gray 

matter (Figure 1C.d) of spondylotic myelopathy are particularly high yield patterns for clinicians 

to recognize. These were very reliably identified in this study, distinguished from other 

myelopathy etiologies very well in prior studies,5, 6 and are frequently encountered in our clinics. 

Ring/partial ring enhancement in NMOSD was less reliably detected and was noted in some 

controls (e.g., neoplasms) suggesting overlap may occur.  

 

Our study design combining small numbers of multiple myelopathic diagnoses with hallmark 

enhancement patterns precluded a reliable analysis of the specificity of each enhancement 

pattern. However, sensitivity and specificity of several of these patterns have been reported in 

other studies. The “rim and flame” sign each individually had a specificity of 97% and when 

both were present concurrently the specificity was 100% versus primary spinal cord tumors.11 

The “pancakelike” transverse-band pattern of enhancement in spondylotic myelopathy was not 

found among 136 patients with alternative myelopathies.5 Ring/partial ring enhancement was 

found in AQP4-IgG positive NMOSD myelitis and MS myelitis at similar frequency but not 

found among 66 alternative myelopathy diagnoses.9 Linear dorsal subpial enhancement was 

significantly more common in sarcoid myelopathy than in AQP4-IgG positive NMOSD 

myelitis.6 The “missing-piece” sign in spinal DAVF was not found among 144 patients with 

alternative myelopathies.10 The tract-specific enhancement of paraneoplastic myelopathy, 

“trident” enhancement pattern of sarcoid myelopathy, and linear craniocaudal strip of 

enhancement in spinal cord infarct have been reported or illustrated independently in other 

publications from other investigators, although the frequency among control myelopathies has 

not been as well studied.20-22 While the T2-patterns were overall less useful in determining the 

cause (Figures 1 and 2), they remain useful for some etiologies (Table 3), such as: DAVF where 

the presence of flow voids dorsal to the cord accompanying a thoracic longitudinally-extensive 
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T2-signal abnormality is very suggestive (Figure 2C.a), SCI in which owl/snake eye T2-

appearance can assist (diffusion weighted imaging is also useful in this scenario), and 

spondylotic myelopathy where the degree of narrowing and spondylotic changes on T2-weighted 

sequences can be useful. However, MRI patterns detectable on T2-weighted and post-gadolinium 

T1-weighted sequences are not always present simultaneously and patients with specific 

gadolinium enhancement patterns often do not have accompanying specific abnormalities on T2-

weighted images. The enhancement patterns should be considered a helpful guide towards 

diagnosis rather than pathognomonic and should not replace clinical judgement.  

 

Our study focused on longitudinally extensive T2-hyperintense lesions with enhancement as this 

is when the pattern is most useful, although some of the described patterns may still be useful 

when accompanied by lesions spanning less than 3 vertebral segments. Also, imaging timing 

could not be standardized in this retrospective study and can impact the presence or absence of a 

T2-lesion and its length.3, 23-26 Other gadolinium enhancement patterns (e.g., ventral subpial 

enhancement in a braid-like pattern in sarcoid myelopathy)21, 27 or unenhanced T2-patterns (e.g., 

bright spotty lesions with AQP4-IgG seropositive NMOSD, cap sign in ependymoma)28, 29 have 

also been associated with myelopathies, but assessment of such cases was not undertaken in this 

study.  

 

This study has a number of limitations. The retrospective design is a limitation but prospective 

studies of all myelopathies would be difficult given that some of these diagnoses are rare and 

were collected over several decades. We selected cases based on their myelopathy enhancement 

pattern and thus it is not surprising that the post-gadolinium sequences proved more useful than 

the T2-images. It should not be assumed that post-gadolinium images are universally more 

useful, but rather, when present, the specific patterns we report may significantly improve the 
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diagnostic accuracy beyond T2-weighted images alone. Raters assessed T2-weighted images first 

and therefore had more information available when reviewing T1-weighted post-gadolinium 

images, but this closely resembles the order these are assessed in clinical practice. Our cases 

were highly selected, with a focus on those with high quality imaging; it is uncertain whether the 

results would be equivalent were cases with lower quality imaging included. Nonetheless, 74% 

of patients in this study were initially assigned alternative non-specific or incorrect diagnoses 

despite high quality images, suggesting recognition of these gadolinium enhancement patterns is 

suboptimal.  

 

In summary, this study suggests that certain well described gadolinium enhancement patterns 

that assist with diagnosis of myelopathies associated with longitudinally extensive T2-lesions 

can be reliably identified by two blinded raters educated on the topic. Prospective studies are 

needed as are further studies of the sensitivity and specificity of the patterns we described. 

Clinicians should learn to recognize gadolinium enhancement patterns in myelopathies with 

longitudinally extensive T2-hyperintense lesions which will focus investigations, decrease cost, 

and reduce morbidity by allowing earlier diagnosis and disease-specific treatment.  
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Figure 1. T2-weighted and post-gadolinium T1-weighted MRI patterns in various 

myelopathy diagnoses (Part 1).  

A T2-hyperintense lesion (arrows) on sagittal MRI (A.a) displaying anterior predominant gray 

matter involvement (arrows) on cross section (A.b) with a typical craniocaudal linear strip 

(arrow) of enhancement (A.c) and more defined owl eye enhancement pattern (A.d, arrows) seen 

in anterior spinal artery infarct. A T2-hyperintense lesion (arrows) on sagittal MRI (B.a) 

spanning the entire cross-sectional area (arrow) of the spinal cord (B.b) with linear enhancement 

(B.c, arrow) in a pattern following the lateral columns (B.d, arrows) seen in paraneoplastic 

myelopathy. A compressive myelopathy highlighting an area of T2 hyperintensity (C.a-C.b, 

arrows) with an associated transverse band of “pancakelike” enhancement (arrows) just below 

the maximal area of stenosis (C.c) with sparing of the axial gray matter (C.d, arrows) seen in 

spondylotic myelopathy. Longitudinally extensive T2-hyperintense lesions (D.a, D.b, E.a, E.b, 

arrows) with extensive dorsal subpial enhancement (arrows) alone (D.c, D.d) or in combination 
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(E.c, E.d) with central canal enhancement (arrowheads) forming the shape of a “trident” (E.d) 

seen in patients with sarcoid myelopathy.   
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Figure 2. T2-weighted and post-gadolinium T1-weighted MRI patterns in various 

myelopathy diagnoses (Part 2).  

A longitudinally extensive T2-hyperintense transverse myelitis (A.a-A.b, arrows) with associated 

elongated ring/partial ring enhancement (A.c-A.d, arrows) seen in AQP4-IgG NMOSD. A 

longitudinally extensive T2-hyperintense lesion (B.a-B.b, arrows) with an associated rim 

(arrows) and flame (arrowheads) pattern of enhancement surrounding a less enhancing center 

(B.c-B.d) seen in spinal cord intramedullary metastasis. Diffuse T2 hyperintensity (C.a-C.b, 

arrows) with apparent flow voids predominantly along the dorsal cord surface (C.a) and a 

“missing-piece” of enhancement (C.c, arrow) in spinal dural arteriovenous fistula. Nonspecific 

T2 hyperintensity (D.a-D.b, arrows) and faint nonspecific contrast enhancement (D.c-D.d, 

arrows) seen in a patient with MOG-IgG associated myelitis. A T2-hyperintense expansile lesion 

(arrows) with mass effect (arrowhead) (E.a-E.b) and no clear pattern of associated contrast 

enhancement (E.c-E.d, arrows) seen in a patient with spinal cord ependymoma. Figure 2A 

reprinted with permission from Sechi E, Flanagan EP. NMOSD and anti-MOG disease, 

Neuroimmunology Book Chapter, in press. Figure 2C modified with permission from Zalewski 

NL, Rabinstein AA, Brinjikji W, et al. Unique Gadolinium Enhancement Pattern in Spinal Dural 

Arteriovenous Fistulas. JAMA Neurol 2018;75:1542-1545. 
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Table 1. Definitions of MRI enhancement patterns on sagittal and axial sequences 

Diagnosis Sagittal MRI enhancement 

pattern 

Axial MRI enhancement 

pattern 

Caveats 

Anterior spinal 

artery infarct  

Linear craniocaudal strip of 

enhancement along region 

of anterior cord 

Involvement of the anterior 

horn cells (owl eye/snake 

eye) 

If linear strip on sagittal but axial 

suggests lateral column 

involvement, consider 

paraneoplastic myelopathy 

Paraneoplastic 

myelopathy 

Linear enhancement Confined to lateral 

columns 

If linear enhancement involves 

anterior horn cells on axial, favor 

anterior spinal artery infarct 

Spondylotic 

myelopathy with 

enhancement 

“Pancakelike” (flat or 

transverse band) with the 

width ≥ height, and typically 

at or just below the level of 

maximal stenosis 

 

Circumferential white 

matter enhancement 

sparing gray matter 

Thickness can vary but typically 

the height does not exceed width 

Sarcoid 

myelopathy 

Dorsal subpial enhancement 

extending ≥2 vertebral 

segments in a linear pattern 

sometimes with central 

canal involvement 

Extends inwards from 

dorsal cord sometimes 

accompanied by central 

canal enhancement 

forming a three-pronged 

‘trident’ appearance  

The enhancement must extend 2 

or more vertebral segments 

Aquaporin-4-IgG 

seropositive 

NMOSD 

Ring/partial ring of 

enhancement 

Ring/partial ring of 

enhancement 

Rings may be elongated or have 

shaggy borders 

Must have no enhancement in 

center to distinguish from rim 

around less enhancing center of 

intramedullary metastases 
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Abbreviations: NMOSD = neuromyelitis optica spectrum disorders.  

Dural 

arteriovenous 

fistula 

One or more “missing-

pieces” of enhancement in 

an otherwise homogeneous 

segment of enhancement 

Less useful None 

Intramedullary 

metastases 

Rim/partial rim of 

enhancement around a less 

enhancing center with a 

flame at the top or the 

bottom of the lesion 

Less useful – may see 

rim/partial rim only  

 

Center of enhancing region 

should have enhancement – 

absence of enhancement in the 

center without a flame could be a 

cystic/necrotic metastasis, but 

these are not common and ring 

enhancement of NMOSD should 

be considered, especially if 

elongated 

Other (controls) Does not fit a specific 

pattern  

Does not fit a specific 

pattern 
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 Table 2. Demographics and distribution of specific myelopathy diagnoses 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations: 
NMOSD = 
neuromyelitis 

optica spectrum disorders.  

Demographics Values  

    Female  40 (54%) 

    Age at onset, y 54 (14-88) 

Myelopathy diagnosis  

    Spinal cord infarct 8 (11%)  

    Paraneoplastic myelopathy  5 (7%) 

    Spondylotic myelopathy 13 (17.5%)  

    Sarcoid myelopathy  23 (31%) 

    AQP4-IgG positive NMOSD  12 (16%) 

    Dural arteriovenous fistula  3 (4%) 

    Intramedullary metastasis  10 (13.5%) 

Values are n (%) or median (range).  
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Table 3. Comparison of diagnostic accuracy (percentage correctly identifying the pattern) between readers 

aReaders assigned 1 diagnosis based on pattern per case. In some situations readers assigned the specific diagnosis in 
more patients than had the specific pattern, allowing the original diagnosis to be identified correctly in all original 
cases but resulting in one or more alternative diagnoses being labeled as having the original pattern despite having 
an alternative diagnosis. 
b It is important to note that since the readers were instructed to select “other” as the most likely diagnosis when a 
characteristic pattern could not be identified, the diagnostic accuracy or percentage identified correctly within the 

Diagnosis Reader #1 

By Gadolinium 
Enhancement 

Patterna 

Reader #1 

By T2-weighted 
Imagesa 

Reader #1      

% identified 
with post gad 
beyond T2-

weighted 
images  

Reader #2 

By 
Gadolinium 

Enhancement 
Patterna 

Reader #2 

By T2-
weighted 
Imagesa 

Reader #2      

% 
identified 
with post 

gad beyond 
T2-

weighted 
images 

Spinal cord infarct 7 of 8 (88%) 4 of 8 (50%) +38% 6 of 8 (75%) 6 of 8 (75%) 0% 

Paraneoplastic 

myelopathy 

4 of 5 (80%) 2 of 5 (40%) +40% 5 of 5 (100%) 3 of 5 (60%) +40% 

Spondylotic 

myelopathy  

13 of 13 (100%)  10 of 13 (77%) +23% 12 of 13 (92%) 10 of 13 (77%) +15% 

Sarcoid 

myelopathy  

22 of 23 (96%) 3 of 23 (13%) +83% 20 of 23 (87%) 7 of 23 (30%) +57% 

AQP4-IgG positive 

NMOSD 

7 of 12 (58%) 0 of 12 (0%) +58% 6 of 12 (50%) 6 of 12 (50%) 0% 

Dural 

arteriovenous 

fistula  

3 of 3 (100%)  2 of 3 (67%) +33% 3 of 3 (100%) 3 of 3 (100%) 0% 

Intramedullary 

metastasis  

9 of 10 (90%) 6 of 10 (60%) +30% 9 of 10 (90%) 4 of 10 (40%) +50% 

Otherb (controls) 35 of 39 (90%)  34 of 39 (87%) +3% 34 of 39 (87%) 29 of 39 (74%) +13% 

Overall total 

correct 

100 of 113 

(88%) 

61 of 113 (54%) +34% 95 of 113 

(84%) 

68 of 113 

(60%) 

+24% 
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other (controls) category was relatively high in comparison with the other groups. As this measure of diagnostic 
accuracy was relatively consistent between both readers using T2-weighted imaging characteristics alone and 
subsequently with the availability of post-gadolinium images, these numbers likely represent a consequence of the 
study design instead of a marker of diagnostic specificity.  
Abbreviations: NMOSD = neuromyelitis optica spectrum disorders.  
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Table 4. Incorrectly assigned diagnoses by gadolinium enhancement pattern among readers 

Abbreviations: N/A, not applicable; NMOSD = neuromyelitis optica spectrum disorders. 
 
 
 
 
 
 
 
 
 

 

Final Confirmed Diagnosis Reader #1 

Incorrectly Assigned 

Diagnoses (n) 

Reader #2 

Incorrectly Assigned 

Diagnoses (n) 

Spinal cord infarct Spondylosis (1) Dural arteriovenous fistula (1) 

  Other (1) 

Paraneoplastic myelopathy Other (1) N/A 

Spondylotic myelopathy N/A Other (1) 

Sarcoid myelopathy Paraneoplastic myelopathy (1) Other (1) 

  Spinal cord infarct (1) 

  Spondylotic myelopathy (1) 

AQP4-IgG positive NMOSD Other (5) Intramedullary metastasis (1) 

  Other (5) 

Dural arteriovenous fistula N/A N/A 

Intramedullary metastasis Other (1) Other (1) 

Other (controls) Dural arteriovenous fistula (1) Dural arteriovenous fistula (1) 

 Intramedullary metastasis (1) Intramedullary metastasis (1) 

 NMOSD (1) NMOSD (2) 

 Sarcoid myelopathy (1) Sarcoid myelopathy (1) 
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Table 5. Original alternative, incorrect, or non-specific diagnosis in clinical practice (n = 55) among 
patients with characteristic gadolinium enhancement patterns (n = 74). 
Abbreviations: ITM = idiopathic transverse myelitis; NMOSD = neuromyelitis optica spectrum disorders. 

Final Confirmed Diagnosis Number of 
Patients 

Original Incorrect or Non-
specific Diagnosis 

Number of 
Patients 

Spinal cord infarct 4 ITM 4 

Paraneoplastic myelopathy 4 ITM 2 

  Sarcoid myelopathy 1 

  Unspecified demyelinating 
disease 

1 

Spondylotic myelopathy 10 ITM 7 

  Primary spinal cord tumor 2 

  Multiple sclerosis 1 

Sarcoid myelopathy 22 ITM 18 

  NMOSD 2 

  Multiple sclerosis 1 

  Unspecified demyelinating 
disease 

1 

AQP4-IgG positive NMOSD 10 ITM 8 

  Multiple sclerosis 1 

  Spinal cord infarct 1 

Dural arteriovenous fistula 3 Lumbar spinal stenosis 2 

  Spinal cord infarct 1 

Intramedullary metastasis 2 Acute inflammatory 
demyelinating 
polyradiculoneuropathy 

1 

  ITM 1 
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