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Objective To compare the motor recovery following transverse myelitis in pediatric patients with and without
spinal cord atrophy.

Method From January 1995 through December 2009, twenty children (8 boys and 12 girls with an onset at 5.7+3.8
years) that were diagnosed with transverse myelitis at a Children’s Hospital in Korea, and undertaken an initial
and follow-up spine magnetic resonance image (MRI) were included. Medical records and spine MRI scans were
reviewed retrospectively. An initial MRI was taken 5.1+8.7 days after the onset. The interval between an initial and
follow-up MRIs was 33.4+23.0 days. The motor recovery differences between subjects with and without spinal cord
atrophy on follow-up MRIs were determined. Motor recovery was defined as the elevation of one or more grades
of manual muscle tests of the Medical Research Council.

Results Eight patients had developed spinal cord atrophies and 12 patients had not. Of the 8 patients with
spinal cord atrophy, 7 showed no motor improvement. Among the 12 patients without atrophy, 11 had motor
improvement. Spinal cord atrophy on follow-up MRIs were related to the risk of no motor improvement (odds
ratio=77.0, 95% confidence interval [4.114-1441.049], p-value=0.001).

Conclusion Children with transverse myelitis who had developed spinal cord atrophy on follow-up MRIs had poor
motor recovery than those who had not. The appearance of spinal cord atrophy on follow-up MRI could be an
indicator of poor prognosis in pediatric transverse myelitis.
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Acute transverse myelitis (ATM), an inflammatory de-
myelinating myelopathy, usually presents with lower
limb weakness, back pain, and sphincter disturbances in
childhood.' The incidence of ATM is between 1 to 8 per
million populations in one year.”* Magnetic resonance
imaging (MRI) shows local enlargement and increased
signal intensity of the spinal cord in a T2-weighted im-
age in ATM patients. The outcome of ATM has been
studied and reported as variable in small populations
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Searched for pediatric patients whose diagnosis was registered as
‘transverse myelitis' in medical record from January 1997 to
January 2009

v

Searched patients (n=42)

Excluded patients

* Multiple sclerosis: 3
* Myopathy/myositis: 2

\ 4

* Epilepsy: 1

1) Final diagnosis was not transverse myelitis (n=14)

« Guillain-Barre syndrome: 2

+ Acute lymphoblastic leukemia: 2
+ Juvenile rheumatoid arthritis: 1

* Traumatic spinal cord injury: 1

« Tethered cord syndrome: 1

* Hallermann-Streiff syndrome: 1
2) Did not followed up more than once (n=6)
3) Did not have F/U spine MRI (n=2)

v

Included patients (n=20)

be variable.”’ Several clinical features such as complete
paraplegia, shorter time to maximal deficit, supraspi-
nal symptoms were suggested as prognostic factors of
unfavorable outcomes.’ In one case series, spinal cord
atrophy appeared in a late MRI was suggested as one of
prognostic factors of grave outcome in spinal cord injury
and transverse myelitis.’ In other cases with persistent
neurologic deficits, spinal cord atrophy was confirmed
in an autopsy.” Nevertheless, there have been only a few
cases reports on spinal cord atrophy following ATM. An
investigation into the relationship of spinal cord atrophy
and motor improvements has not been performed. In
this study, we aimed to compare the improvement in
motor weakness following transverse myelitis in children
who had shown and those who had not shown spinal
cord atrophies in follow-up spine MRIs.

MATERIALS AND METHODS

Subjects

Patients diagnosed with transverse myelitis at one Chil-
dren’s Hospital (Seoul National University Children’s
Hospital, Seoul, South Korea) from January 1995 to Janu-
ary 2009 were investigated. Those who had initial and
follow-up MRIs were included. Subjects were excluded
when their final diagnosis was not transverse myelitis or
they did not have a follow-up more than one time in our
hospital. A flowchart of the subject inclusion criteria is
illustrated in Fig. 1. Diagnostic criteria for the idiopathic

Fig. 1. A flowchart of subjects in-
cluded in this study.

Table 1. Transverse Myelitis Consortium Working Group
Criteria for Idiopathic Acute Transverse Myelitis

Criteria for idiopathic acute transverse myelitis

Inclusion criteria

1. Development of clinical dysfunction attributable to
the spinal cord

2. Defined sensory level and bilateral signs or symptoms
3. Exclusion of extra-axial compressive etiology

4. Inflammation within the spinal cord demonstrated by
CSF pleocytosis or positive IgG index or gadolinium
enhancement

5. Symptoms from onset to reach maximal deficit
between 4 hours and 21 days

Exclusion criteria
1. Previous radiation to the spine

2. Clear clinical deficit attributable to anterior spinal
artery occlusion

3. Presence of arteriovenous malformations

4. Serologic or clinical evidence of connective tissue
disease

5. Central nervous system manifestations of bacterial or
viral diseases

6. Brain MRI abnormalities suggestive of multiple
sclerosis

7. History of clinically apparent optic neuritis

If point 4 of the inclusion cirtiea cannot be demonstrated,
the diagnosis is the possible acute transverse myelitis
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ATM were used to discern idiopathic ATM (Table 1).*°
Twenty patients with transverse myelitis had taken initial
and late spine MRI scans (8 boys, age at diagnosis was
5.7+3.8 years). The initial MRI was taken 5.1+8.7 days af-
ter the onset. Interval between initial and follow-up MRIs
was 33.4+23.0 days.

Study design

A Retrospective case-control study was performed. We
reviewed medical records and spine MRI scans to find
out whether clinical improvements in motor weakness
had occurred and the spinal cord atrophies had devel-
oped on follow-up MRIs.

Measurements

Spinal cord atrophy in the follow-up MRI was defined
as: an abnormal thinning of the spinal cord in the sagittal
plane in two segments or more beyond the limits of ver-

Table 2. Characteristics of the Subjects

\
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Fig. 2. A, B, and C denotes the level of each cross-section-
al view. Cross-sectional areas in atrophied spinal cord
segments were measured using Marosis M-view 5.4.

Case T Spinal Upper extremity Lower extremity
No. Sex (yr) cord motor power* motor power* Treatment
atrophy  Right Left Right Left
1 M 1 - 5 5 1 1 Oral Pd
2 M - 5 5 1>3 1->3 Oral deflazacort
3 F 9 - 1->4 1>2 1->4 153 Methyl Pd, oral Pd
4 M 12 - 5 5 3->5 3->5 Methyl Pd
5 M 11 - 4->5 4->5 4 4 IVIG, oral dexamethasone
6 F 2 - 3->5 3->5 3>4 3>4 IVIG, IV dexamethasone
7 M 3 - 5 5 1>4 1->4 Methyl Pd, oral Pd
8 F + 5 5 0 0 Methyl Pd, oral Pd
9 M 12 - 4 3->5 35 Methyl Pd, oral Pd
10 F 11 5 5 2->4 2->3 Methyl Pd, oral Pd
11 M 3 - 0->1 0->1 0->4 0->4 Methyl Pd, oral Pd
12 F 5 + 5 5 0 0 Methyl Pd
13 F 1 + 5 5 1->3 153 Methyl Pd, oral Pd
14 I8 2 - 5) 5) 2->4 254 Methyl Pd, oral Pd
15 F 3 - 5 5 355 3->5 Methyl Pd, oral Pd
16 F 4 + 5 5 0 0 Methyl Pd, oral Pd
17 F 4 + 5 5 0 0 Methyl Pd, oral Pd
18 M 2 + 1 1 1 1 Methyl Pd, oral Pd
19 F 5 + 5 5 0 0 Methyl Pd, oral Pd
20 F 8 + 5 5 0 0 Methyl Pd, oral Pd

M: Male, F: Female, Pd: Prednisolone, Methyl Pd: Methylprednisolone, IVIG: Intravenous immunoglobulin, IV:

Intravenous

*Arrows indicate changes in motor power during follow-up periods
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tebral injury; or a reduction in the spinal cord area 50% or
greater in more than two consecutive transverse planes.
Spinal cord atrophy was confirmed by two board-certi-
fied radiologists. Atrophic changes were also measured
in cross-sectional areas (CSA) using an image processing
program, Marosis M-view 5.4 (Marotech Inc., Seoul, Ko-
rea) (Fig. 2). Improved motor power was defined as eleva-
tion of one or more grades in Medical Research Council
(MRC) grades. If a child could not obey the physician’s
commands, his or her spontaneous movements were ob-
served to assume degrees of motor power.

Statistical Analysis

The Mann-Whitney U-test was used to reveal differenc-
es between case and control groups and the odds ratio
was calculated. All statistical analyses were done using
SPSS 17.0 for windows (SPSS Inc., Chicago, IL, USA). A
significance level was set at p-value<0.05.

RESULTS

All twenty children had presented with sudden weak-
ness that fulfilled the classic criteria for acute transverse
myelitis. Initial spine MRIs showed high signal intensity
lesions in T2-weighted images. The patients received ste-
roid therapy and had their neurologic status before and

Fig. 3. A T2-weighted sagittal view of the whole spine MRI
of the patient (a 4 year-old girl) diagnosed as transverse
myelitis (A) There was diffuse cord swelling below T5
level and (B) a spinal cord atrophy was detected with re-
sidual swelling in MRI taken 20 days after the initial one.

after the therapy investigated (Table 2). The onset age was
not different between children with and without spinal
cord atrophy (p-value>0.05). The mean interval between
the initial and late MRI was 33.4+23.0 days and also not
significantly different between two groups (p-value>0.05).

Eight patients had developed and 12 patients had not
developed spinal cord atrophies (an example is present-
ed in Fig. 3). Among 8 patients with spinal cord atrophy,
7 showed no motor recovery. A decrease in the atrophied
segment CSA as compared to the initial measurement
was 43.0£18.1%. One patient who showed motor im-
provement despite spinal cord atrophy was a 19-month-
old girl whose motor power of the lower extremities
improved to MRC grade 3. She had a thinning spinal
cord, but the decrement in CSA was 72.8% of the initial
one. Among the 12 patients without atrophy, 11 had mo-
tor improvement except one (Table 3). There was a sta-
tistically significant difference in the chances of motor
improvement between groups with and without spinal
cord atrophy (odds ratio=77.0, 95% C.I. [4.114-1441.049],
p-value=0.001).

DISCUSSION

This was the first study to investigate relationship be-
tween spinal cord atrophy and motor improvement in
pediatric transverse myelitis. Of our subjects, 7 out of 20
(35.0%) had no motor power improvement. A poor recov-
ery rate was in concordance with previous reports, also,
previous reports noted 44% mild to severe sequelae.”"’
There have been several research studies on prognostic
factors of transverse myelitis. An unfavorable outcome
was associated with complete paraplegia and a shorter
time to maximal deficit.* However, there was no mention
of MRI findings with outcomes. In another study, symp-
toms associated with poor outcome were back pain as
an initial complaint, with a rapid progression to maximal

Table 3. Appearance of Spinal Cord Atrophy and Motor
Recovery (Number of the Patients)

Any motor No motor

recovery recovery Total
Spinal cord atrophy on 1 7 8
follow-up MRI
No spinal cord atrophy 11 1 12
Total 12 8 20
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symptoms within hours of onset, spinal shock, and sen-
sory disturbance up to the cervical level." It is also known
that the presence of 14-3-3 protein, a marker of neuronal
injury, in the CSF during the acute phase may also pre-
dict a poor outcome. "'

Known MRI findings of ATM were edema, single or
multiple high signal intensity lesions on T2-weighted
sequence and postgadolinium enhancement. Although
changes in an MRI following the acute phase were not
well known, there was an observation that in 2 out of 3
patients, a follow-up MRI showed a return to normal and
the remaining patient had a persistent high signal inten-
sity lesion after 4 months.’ Spinal cord atrophies were de-
tected after 33.4+23.0 days following the initial MRI, and
were associated with poor improvement in motor power.
It may be an indicator for persistent neurologic impair-
ment in children with acute transverse myelitis.

Due to the limitation as a retrospective study, and dif-
ficulty in measuring accurate motor power in children,
motor improvement was only classified as good, which
was defined as any motor power improvements, or poor.
A second limitation is the MRC grade. It could be inap-
propriate for young children under age 4, because of the
short attention span and potential lack of cooperation
or understanding. A modified scale is recommended in-
stead, in which grade 4 and 5 are put together as grade
4." This could not be used in this study, however, only
one young child (patient 15, Table 2) was evaluated as
MRC grade 5, and as having had meaneaful motor power
improvement was defined as elevation of one or more
grades, no difference in the results might happen even
if the modified scale were applied. In other studies, the
outcomes of transverse myelitis were estimated as good,
fair and poor according to the sequelae of motor, sensory
and autonomic signs."’

Activities of daily living (ADL) could not be evaluated
in this study, because there had been no well-established
evaluation tool for ADL in young children with myelopa-
thy, which was validated in Korean.

Spinal cord atrophies can be measured in various ways,
but only CSA of the spinal cord segments were used in
our study to assume spinal cord atrophies. Atrophies
could be better defined as reduction in volume rather
than in area, as in recent attempts."’ In addition, visual-
izing structural connectivity might be more important
than measuring only the CSA of the spinal cord. Diffusion
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tensor imaging (DTI) of the spinal cord is suggested as a
useful tool to evaluate fiber connectivity'* and to predict
outcome of traumatic spinal cord injury." DTI could be
helpful in predicting the prognosis of ATM also, especial-
ly in patients who had motor improvement despite spinal
cord atrophy. Authors tried to take DTI in a few cases re-
cently, however, DTI of the thoracic spinal cord was hard
to obtain due to adjacent cardiac activity.

CONCLUSION

The results of our study revealed that children with
transverse myelitis who had developed spinal cord at-
rophies in late MRIs had a smaller motor recovery than
those who had not. These findings suggest that the ap-
pearance of the spinal cord atrophy on MRI could be an
indicator of poor prognosis in pediatric patients with
transverse myelitis.

REFERENCES

1. Dunne K, Hopkins IJ, Shield LK. Acute transverse my-
elopathy in childhood. Dev Med Child Neurol 1986;
28:198-204

2. Berman M, Feldman S, Alter M, Zilber N, Kahana E.
Acute transverse myelitis: incidence and etiologic
considerations. Neurology 1981; 31: 966-971

3. Jeffery DR, Mandler RN, Davis LE. Transverse myeli-
tis. Retrospective analysis of 33 cases, with differentia-
tion of cases associated with multiple sclerosis and
parainfectious events. Arch Neurol 1993; 50: 532-535

4. Defresne P, Hollenberg H, Husson B, Tabarki B,
Landrieu P, Huault G, Tardieu M, Sebire G. Acute
transverse myelitis in children: clinical course and
prognostic factors. ] Child Neurol 2003; 18: 401-406

5. Kalra V, Sharma S, Sahu J, Sankhyan N, Chaudhry R,
Dhawan B, Mridula B. Childhood acute transverse
myelitis: clinical profile, outcome, and association
with antiganglioside antibodies. J Child Neurol 2009;
24:466-471

6. Bang MS, Kim SJ. Progression of spinal cord atrophy
by traumatic or inflammatory myelopathy in the pe-
diatric patients: case series. Spinal Cord 2009; 47: 822-
825

7. Awerbuch G, Feinberg WM, Ferry P, Komar NN, Clem-
ents J. Demonstration of acute post-viral myelitis with



Spinal Cord Atrophy and Motor Recovery Following Transverse Myelitis

10.

11.

12.

magnetic resonance imaging. Pediatr Neurol 1987; 3:
367-369

Transverse Myelitis Consortium Working Group. Pro-
posed diagnostic criteria and nosology of acute trans-
verse myelitis. Neurology 2002; 59: 499-505

Bruna J, Martinez-Yelamos S, Martinez-Yelamos A,
Rubio F, Arbizu T. Idiopathic acute transverse my-
elitis: a clinical study and prognostic markers in 45
cases. Mult Scler 2006; 12: 169-173

Knebusch M, Strassburg HM, Reiners K. Acute trans-
verse myelitis in childhood: nine cases and review of
the literature. Dev Med Child Neurol 1998; 40: 631-639
Irani DN, Kerr DA. 14-3-3 protein in the cerebrospinal
fluid of patients with acute transverse myelitis. Lancet
2000; 355:901

Braddom RL, Chan L, Harrast MA, Kowalske KJ, Mat-

thews DJ, Ragnarsson KT, Stolp KA. Physical medicine
and rehabilitation, 4th ed, Philadelphia: Elsevier
Sounders, 2011, 47

13.Coulon O, Hickman SJ, Parker GJ, Barker GJ, Miller

DH, Arridge SR. Quantification of spinal cord atrophy
from magnetic resonance images via a B-spline active
surface model. Magn Reson Med 2002; 47: 1176-1185

14. Wheeler-Kingshott CA, Hickman SJ, Parker GJ, Cicca-

relli O, Symms MR, Miller DH, Barker GJ. Investigat-
ing cervical spinal cord structure using axial diffusion
tensor imaging. Neuroimage 2002; 16: 93-102

15.Kim JH, Loy DN, Wang Q, Budde MD, Schmidt RE,

Trinkaus K, Song SK. Diffusion tensor imaging at 3
hours after traumatic spinal cord injury predicts long-
term locomotor recovery. ] Neurotrauma 2010; 27:
587-598

WwWw.e-arm.org 333



