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CLINICAL REPORT
SPINE

Radiation-Induced Myelitis: Initial and Follow-Up MRI and
Clinical Features in Patients at a Single Tertiary Care Institution

during 20 Years
X M. Khan, X P. Ambady, X D. Kimbrough, X T. Shoemaker, X S. Terezakis, X J. Blakeley, X S.D. Newsome, and X I. Izbudak

ABSTRACT
SUMMARY: Myelitis is a rare complication of radiation exposure to the spinal cord and is often a diagnosis of exclusion. A retrospective
review of clinical records and serial imaging was performed to identify subjects with documented myelitis and a history of prior radiation.
Eleven patients fulfilled the inclusion criteria. All patients had longitudinally extensive cord involvement with homogeneous precontrast
T1 hyperintense signal in the adjacent vertebrae, corresponding to the radiation field. T2 signal abnormalities involving the central
two-thirds of the cord were seen in 6/11 patients (55%). The degree of cord expansion and contrast enhancement was variable but was seen
in 6 (54%) and 5 (45%) patients, respectively. On follow-up, 2 patients developed cord atrophy, while complete resolution was noted in 1.
Clinical improvement was noted in 5 patients, with symptom progression in 2 patients. Our results suggest that radiation myelitis is neither
universally progressive nor permanent, and some radiographic and clinical improvement may occur.

ABBREVIATION: RM � radiation myelitis

Radiation myelitis (RM) is a rare-but-dreaded complication of

radiation exposure to the spinal cord. This feared complica-

tion often limits volume, dose per fraction, and field of radiation

therapy.1 Most centers limit the total dose to the cord to �45 Gy

in 1.8- to 2-Gy fractions to minimize this risk.2-6 Diagnosis of

delayed RM is difficult and often a diagnosis of exclusion. More

common causes of transverse myelitis (partial and/or longitudi-

nally extensive), including demyelinating diseases (multiple scle-

rosis, neuromyelitis optica), rheumatoid diseases (lupus, Sjögren

syndrome), and infectious etiologies (viral, bacterial), as well as

primary and metastatic tumors, should be considered. Occasion-

ally, paraneoplastic syndromes can also present with myelitis.7

Although very rare, ruling out recurrent or metastatic tumors is a

major concern in the context of a prior history of malignan-

cies.8-10 However, it is important to keep RM in the differential

diagnosis, especially when patients have a history of prior radia-

tion therapy. Prompt diagnosis of RM is difficult because symp-

toms can vary, and onset (latent period) can range from a few

months to several years following radiation exposure.11,12

Contrast-enhanced MR imaging is frequently used as a diagnostic

tool to help develop a differential diagnosis. Frequently described

MR imaging characteristics of RM include spinal cord expansion,

atrophy, hyperintense signal changes on T2-weighted images, and

contrast enhancement.13-19 However, these imaging findings are

nonspecific and can vary depending on the timing of MR imaging

with respect to radiation exposure.14,19 This study aims to describe

the clinical features and MR imaging characteristics of delayed radi-

ation-induced myelitis at our institution in past 2 decades.

Case Series
The institutional review board at Johns Hopkins Hospital ap-

proved this retrospective study and waived patient informed con-

sent. A radiology departmental data base of MR imaging spine

studies conducted between 1993 and 2013 was searched using the

keywords “myelitis” and “radiation.” A neuro-oncologist (P.A.)

and a neuroimmunologist (D.K.), both in their second year of their

respective fellowships, reviewed clinical records and identified pa-

tients with a history of radiation therapy and neurologic symptoms

localized to the spinal cord as the reason for spine imaging. Two

neuroradiologists (I.I. and M.K.) with 10 years of experience inde-

pendently reviewed all relevant MR imaging findings.

The MR imaging examinations were performed with either

1.5T or 3T magnets from different manufacturers: 1.5 Intera
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(Philips Healthcare, Best, the Netherlands), 1.5T Signa (GE

Healthcare, Milwaukee, Wisconsin), Aera 1.5T, and Skyra 3T

(Siemens, Erlangen, Germany), with routine spine MR imaging

including sagittal T1-weighted and sagittal STIR imaging. Axial

and sagittal T1-weighted images after intravenous gadolinium

contrast administration (0.1 mL/kg) were also acquired. The scan

parameters were almost identical be-

tween different 1.5 T and 3T scanners.

The inclusion criterion for the study

was only patients with cord signal

changes in the field of radiation with

pertinent neurologic symptoms attrib-

uted to the involved spinal segments.

There was no restriction to the age at

presentation or duration since radiation

exposure occurred. Exclusion criteria

were patients with a documented clini-

cal diagnosis of neurologic symptom-

atology such as primary or metastatic

spinal tumors, patients having under-

gone radiation for spinal cord tumors,

multiple sclerosis, neuromyelitis optica,

rheumatoid diseases, infectious etiolo-

gies, and/or vitamin B12/copper defi-

ciency (Fig 1).

Eleven patients fulfilled the criteria

for final analysis. One patient included only in the imaging review

was referred to our institution for a second opinion, and only a

single brief clinical note was available, with symptom onset and

clinical follow-up not available for this patient. Therefore, we did

not include this patient in the analysis of clinical symptoms (Table

1). Six males and 5 females (mean age, 33 years; range, 11– 60

years) were identified (Table 2). CSF analysis findings were non-

specific, and cytology was negative for malignancies in all.

All 11 patients received radiation therapy for malignancies not

directly involving the spine, with segments of the spinal cord de-

veloping myelitis included within the radiation field. Details of

individual cases are summarized in Table 3. Six (55%) patients

had prior chemotherapy. The median time from radiation ther-

apy to symptom onset (latent period) was 17 months (range,

2–194 months). We noted a further median delay of 6 months

(range, 0 –14 months) from symptom onset to confirmation of

clinical diagnosis. Sixty percent of patients reported lower leg par-

esthesia, 70% reported lower extremity motor weakness, and 50%

reported back pain with radiculopathy at presentation. Four pa-

tients reported urinary and 2 reported bowel incontinence at pre-

sentation. Steroids were the most frequent therapy given at pre-

sentation. Among 7 patients with clinical follow-up data (mean

follow-up, 22 months; range, 4 –162 months), 5 reported some

improvement in clinical symptoms, while 2 were noted to have

progressive symptoms (wheelchair-bound).

The mean duration from symptom onset to the first MR im-

aging was around 6 months (range, 0 – 41 months). Imaging find-

ings summarized in Table 4 revealed that all 11 patients had at

least 1 MR imaging that demonstrated cervical and/or thoracic

cord lesions in a longitudinally extensive pattern (Fig 2), with T1

hyperintensity in the adjacent vertebrae included in the field of

radiation (Fig 1A). T2 signal abnormalities predominantly in-

volved the central cord on axial images. Involvement of the cen-

tral two-thirds of the axial cord was noted in 4, the central and

posterior cord was involved in 1, and the entire circumference of

the axial cord was involved in 5 patients at their initial MR imag-

ing (Fig 3). Cord expansion was seen in 6 patients, with promi-

FIG 1. Study schema describes the method used to identify the patients in this series. It also
highlights the rarity of the occurrence of radiation myelitis.

Table 1: Clinical course of myelopathy
Symptoms at presentationa Paresthesia lower limbs: 6/10 (60%)

Pain (back and legs): 5/10 (50%)
Lower extremity motor weakness:

7/10 (70%)
Urinary incontinence: 4/10 (40%)
Bowel incontinence: 2/10 (20%)

Treatment received Steroids: 9
IvIg: 1
Hyperbaric oxygen: 2
Plasmapheresis: 2
Bevacizumab (Avastin): 1

Mean duration of clinical
follow-up (mo)

22 (range: 4–162)

Clinical course on
follow-up (available in 7
patients)

Improved with some sequelae: 5
Progressive: 2
Resolved: 0

Note:—IvIg indicates intravenous immunoglobulin.
a Detailed clinical examination was not available for 1 patient. Hence, only 10 patients
were included for evaluation of the clinical course.

Table 2: Demographics of 11 subjects included in the study
Attributes Median (Range)

Sex 6 males, 5 females
Median age (yr) 33 (11–60)
Primary malignancy (No. of

patients)
1) Recurrent Hodgkin lymphoma: 5
2) Hodgkin lymphoma: 1
3) Gastric carcinoma: 1
4) Acute lymphocytic lymphoma: 1
5) Brain stem glioma: 1
6) Medulloblastoma: 1
7) Recurrent multiple myeloma: 1

Median time to symptom
onset from RT (mo)

17 (2–194)

Median delay in diagnosis
from symptom onset (mo)

6 (0–14)

Note:—RT indicates radiation therapy.
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nent expansion in 3 (as evidenced by a completely effaced thecal

sac circumferentially on axial T2-weighted images), and mild ex-

pansion in 3 patients. Contrast enhancement was variable and was

seen in 45% of cases. Follow-up MR imaging (Table 5) was avail-

able for 8 (73%) patients (median, 14.5 months; range, 4 – 69

months). On follow-up MRIs, cord atrophy was noted in only 2 of

8 patients (25%). Persistent T2 abnormalities in the cord were

noted in 4 of 8 (50%), while complete resolution of MR imaging

findings was seen in 1 of 8 (12.5%). Hemorrhagic changes were

noted in 1 of 8 (12.5%), with syringohydromyelia also noted in 1

patient (12.5%).

DISCUSSION
Our report is relevant considering the rarity of RM (only 11 cases

during 20 years at a tertiary care institution). Our report rein-

forces the long latent period and variable clinical and imaging

findings in RM.11,13,17-21 Our study also reaffirms that the longi-

tudinally extensive cord signal pattern corresponding to the radi-

ation field and the additional demonstration of T1-weighted hy-

perintense marrow signal changes noted in vertebrae included in

the radiation field were useful imaging findings in incorporating

RM in the differential diagnosis. These imaging findings may

draw the investigator’s attention to the tissue alterations in the

field of radiation, especially when there is a long latency before the

development of symptoms or when radiation fields are not readily

available and may give us helpful hints about the etiology of my-

elitis.22,23 Central aspect of spinal cord seemed to be predomi-

nantly involved because it contains spinal gray matter with my-

elinated tracts at the periphery and suggests a possible vascular

etiology due to delayed regional vasculitis secondary to radiation

rather than demyelination.24 Our study, like most prior studies,

suggests that MR imaging findings including cord expansion and

contrast enhancement are seen initially at presentation and tend

to resolve on follow-up. In our cohort, cord expansion was seen in

55% of patients, while no cord expansion was seen in 27% at

initial presentation, with contrast enhancement being variable in

our cohort, indicating temporal variability in the blood-cord bar-

rier permeability. Hemorrhagic changes in the cord were associ-

ated with the most severe case of RM.

Prior reports have suggested that RM is a progressive and per-

manent disease.11,25 However, 45% of our patients reported some

improvement in their neurologic symptoms on follow-up. The

mechanism of neurologic recovery is unclear but may be due to

Table 3: Patient demographics and oncology treatment history

Patient
Age
(yr) Cancer Type

Prior
Chemotherapy

Prior
Chemotherapy

Regimen Adjuvant Chemotherapy
1 33 Recurrent Hodgkin lymphoma Yes ABVD ICE followed by

cyclophosphamide (Cytoxan) and busulfan
Autologous bone marrow transplant

2 32 Recurrent Hodgkin lymphoma Yes CHOP/ABVD Ara-C, vincristine, cisplatin
Danazol

3 11 Brain stem medulloblastoma No – Vincristine, VP-16, carboplatin
CCNU, cisplatin

4 60 Recurrent gastric adenocarcinoma (stage IV) No – 5-FU, leucovorin
5 42 Refractory acute lymphocytic leukemia Yes Hyper-CVAD Intrathecal cytarabine

Methotrexate Autologous bone marrow transplant
6-Mercaptopurine

6 41 Hodgkin lymphoma No – No
7 29 Brain stem glioma No – TMZ
8 28 Recurrent Hodgkin lymphoma Yes ABVD ICE followed by

cyclophosphamide and busulfan
Autologous bone marrow transplant

9 33 Recurrent Hodgkin lymphoma Yes ABVD ICE followed by
cyclophosphamide and busulfan
Brentuximab vedotin
Autologous bone marrow transplant

10 37 Recurrent Hodgkin lymphoma Yes ABVD ICE followed by
cyclophosphamide and busulfan
Autologous bone marrow transplant

Note:—ABVD indicates doxorubicin, bleomycin, vinblastine, dacarbazine; CHOP, cyclophosphamide, doxorubicin hydrochloride, vincristine, prednisone; Hyper-CVAD, cyclo-
phosphamide, vincristine, doxorubicin, and dexamethasone; TMZ, temozolomide; CCNU, lomustine; ICE, ifosfamide, carboplatin, etoposide chemotherapy protocol; Vp-16,
etoposide phosphate.

Table 4: Spine MRI findings at initial presentation of myelopathy
Mean time from symptom

onset to first MRI (mo)
6 (Range, 0–41)

Level of longitudinally extensive
myelitis (No. of patients) (%)

Cervical: 3 (27%)
Thoracic: 5 (45%)
Cervical and thoracic: 2 (18%)
Entire spine: 1 (9%)

Level of vertebral T1
hyperintensities
(No. of patients) (%)

Cervical: 2 (18%)
Cervical and thoracic: 3 (27%)
Thoracic: 1 (9%)
Thoracic and lumbar: 1 (9%)
Entire spine: 2 (18%)
No changes: 2 (18%)

Location of axial T2 changes
(No. of patients) (%)

Central (�2/3): 4 (36%)
Central and posterior: 1 (9%)
Entire cord: 5 (45%)
Indeterminate: 1 (9%)

Cord expansion (No. of
patients) (%)

Present: 6 (54%)
Absent: 3 (27%)
Indeterminate: 2 (18%)

Contrast enhancement (No.
of patients) (%)

Enhancement present: 5 (45%)
No enhancement: 5 (45%)
Contrast not given: 1 (9%)
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resolution of cord edema and inflammation, which may manifest

as cord expansion in the early phase. Other possible explanations

for clinical improvement may include remyelination and revas-

cularization associated with improvement in the MR imaging ab-

normalities as described in this report. Most patients in our co-

hort received steroids at presentation, while a smaller number

received bevacizumab, immunoglobulin, plasmapheresis, or hy-

perbaric oxygen in addition to steroids. It is unclear whether the

radiologic improvement in our series was due to these therapies or

the natural history of this condition. Literature review suggests

that some cases of RM may be steroid-responsive, while animal

studies and case reports have demonstrated an anecdotal benefit

with therapies such as hyperbaric oxygen and bevacizumab when

used in the acute phase.25-27

The most important and concerning cause of myelopathy in a

patient with cancer is still disease progression.28 RM is a diagnosis

of exclusion, and contrast-enhanced MR imaging is frequently

used to help aide in this diagnosis and differentiate this entity

from tumors or infections. The pathophysiology of radiation

damage to the central nervous system is not well-defined, but

oligodendrocytes and endothelial cells are considered major tar-

gets.28-32 It is believed that endothelial cells are sensitive to radi-

ation, but the effect has a longer latency in contrast to the glia,

which is less sensitive but has a shorter latency.20 Thus, early tran-

sient changes can be presumed to be due to demyelination, while

more permanent changes are attributed to small-vessel ischemia

with the extent of involvement dictating the severity and timing of

symptoms.24 The resulting evolving changes in the microvascula-

ture and blood-cord barrier permeability have been historically

held responsible for the temporal variability of presentation and

inconsistent enhancement with contrast agents.25

Another striking finding of this study is the high incidence of

RM in patients with recurrent malignancies or patients who re-

ceive chemotherapy prior and/or concurrent with radiation. A

cumulative radiation dose below 45 Gy in daily 1.8- to 2-Gy frac-

tions is a widely accepted dose constraint for the spinal cord,2-6

and these dose constraints have certainly limited RM to a rare

FIG 2. Longitudinally extensive myelitis. A, The cervical or thoracic
cord or both were involved in all patients in a longitudinally extensive
pattern. B, Maximum myelopathic changes (yellow arrows) corre-
spond to the central field of radiation identified by apparent fatty
vertebral bone marrow on T1-weighted images (yellow brackets).

FIG 3. Central cord involvement. The central two-thirds of the cord
on axial T2-weighted images was involved in 9 patients, and 1 patient
presented with a small focal area of central and dorsal cord
involvement.

Table 5: Findings on follow-up spine MRI
Radiographic follow-up

available
Yes: 8
No: 3

Median follow-up (mo) 14.5 (4–69)
Cord atrophy (No. of

patients) (%)
Present: 2 (25%)
Absent: 6 (75%)

T2 findings (No. of
patients) (%)

Decreased T2 abnormalities: 4 (50%)
Resolved: 1 (12.5%)
Hemorrhagic changes: 1 (12.5%)
Syringohydromyelia: 1 (12.5%)
Persistent T2 abnormalities: 4 (50%)
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complication. However, there is renewed interest in better under-

standing the clinical features, imaging findings, and underlying

pathophysiology due to the re-emergence of RM with the increas-

ing role of stereotactic radiosurgery and re-irradiation.25 Our pa-

tients developed radiation myelitis even though they received a

cumulative radiation dose well within the accepted tolerance lim-

its for the spinal cord. Prior studies have indicated that tissue

tolerance to radiation may be reduced with premedication with

radiosensitizing chemotherapy.33-35 Most patients in our cohort

were young (median age, 33 years), and this age may suggest that

younger patients are at higher risk of developing RM, given the

more intensive systemic therapy they generally receive.

This study suggests that there was a median delay of around 6

months before a firm diagnosis was made, highlighting the impor-

tance of time to correct diagnosis, with the start of and type of inter-

vention possibly playing an important role in outcome. Prompt di-

agnosis may help avoid more invasive tests like biopsies.

Our study is unique because follow-up imaging and clinical

history were available in most of our patients, and on follow-up,

cord atrophy was seen in only 25% of our cases, which suggests

that the timing of MR imaging after radiation may dictate the

imaging findings. One of the interesting observations in this study

is resolution or a decrease in T2 signal changes (Fig 4), affecting

12.5% and 50%, respectively, on follow-up, especially because

RM is thought to be irreversible and permanent. Although formal

statistical analysis was not possible due to the rarity of occurrence

and small sample size, our series suggests that clinical improve-

ment may correlate well with imaging findings on longitudinal

follow-up. Hemorrhagic changes, cord expansion, and contrast

enhancement were variable and were noted in patients who were

scanned early during the disease process, and tended to resolve on

follow-up. This finding has not been well-reported, and our cor-

relation with clinical history suggests that the extent of hemor-

rhagic changes may dictate the severity of neurologic symptoms at

presentation and disability at follow-up.

Limitation
We acknowledge that it is difficult to draw direct correlates be-

tween imaging findings and clinical outcomes because of the clin-

ical data available being retrospective and issues related to recall

bias due to the long latent period from symptom onset to diagno-

sis. Furthermore, patients were evaluated by a variety of providers

(internists, medical oncologists, radiation oncologists, and neu-

rologists) and the level of documentation varied between different

specialties and clinical expertise of providers. Further studies

should be performed to corroborate the findings of our study,

including multicenter involvement to increase the sample size;

however, the long-term follow-up and detailed clinical and radio-

logic data of this study are very informative.
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