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Clinical significance of intramedullary Gd-DTPA enhancement
in cervical myelopathy

H Ozawa1, T Sato2, H Hyodo2, Y Ishii3, N Morozumi3, Y Koizumi3, F Matsumoto4, F Kasama5,
T Aizawa1, E Itoi1 and S Kokubun3

1Department of Orthopaedic Surgery, Tohoku University School of Medicine, Sendai, Japan; 2Sendai Orthopaedic Hospital,
Sendai, Japan; 3Department of Orthopaedic Surgery, Nishitaga National Hospital, Sendai, Japan; 4Department of Orthopaedic
Surgery, Tohokurosai Hospital, Sendai, Japan and 5Department of Orthopaedic Surgery, Matsuda Hospital, Sendai, Japan

Study design: Prospective multicenter study.
Objective: To clarify the significance of intramedullary Gd-DTPA enhancement in cervical
myelopathy, the prevalence, morphologic features, clinical relevance and postoperative change were
investigated.
Setting: Four hospitals in Japan.
Methods: A total of 683 patients with cervical myelopathy who underwent decompressive surgery
were consecutively examined. T1, 2 and Gd-DTPA-enhanced MRI were taken before surgery. Fifty
consecutive cases without intramedullary enhancement were allocated in the non-enhancement group.
The following variables were investigated: prevalence of the enhancement, the morphologic feature,
the relationship between the enhancement and T2 high-intensity areas, the change of the Japanese
Orthopedic Association (JOA) score for cervical myelopathy and the change of the enhancement
after surgery.
Results: Intramedullary enhancement was observed in 50 cases (7.3%). The enhancements were
observed between the most severely compressed disc and the cranial half of the lower vertebral body.
On axial images, they were observed at the posterior or posterolateral periphery of the spinal cord.
Enhancement areas were observed within T2 high-intensity areas and smaller than them. The
preoperative JOA score was 9.8±2.8 points in the enhancement group and 9.8±3.3 points in the non-
enhancement group (NS). The postoperative JOA score was 12.7±2.9 points in the enhancement
group and 14.2±2.4 in the non-enhancement group (P¼0.006). Intramedullary enhancement
disappeared in 60% of the patients 1 year after surgery.
Conclusion: Intramedullary enhancement indicated not the severity of preoperative symptoms, but a
sign of a worse prognosis.
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Introduction

The signal intensity of the spinal cord on magnetic

resonance imaging (MRI) is thought to reflect pathologic

changes of the spinal cord and to be indicative of the clinical

status in cervical myelopathy. There have been numerous

studies concerning the relationship between MRI findings

and the prognosis of cervical myelopathy.1–5 Although

the signal changes in the spinal cord on T1-weighted

images (T1WI) and T2-weighted images (T2WI) have been

studied, there have been no systemic studies concerning

Gadolinium–diethylenetriamine pentaacetic acid (Gd-DTPA)

enhancement in cervical myelopathy.

The examination of Gd-DTPA enhancement in MRI

provides more useful information in the assessment of

intramedullary lesions. Intramedullary enhancement is

known to appear in intramedullary tumors, multiple sclero-

sis, sarcoidosis, myelitis and spinal cord infarction. The

intramedullary enhancement has been reported in the

injured spinal cord occasionally6 and more rarely in cervical

myelopathy.7–9 The recognition of the intramedullary en-

hancement in cervical myelopathy should help to distin-

guish it from other intramedullary lesions, while also

providing useful knowledge for the treatment of the cervical

myelopathy.
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The purpose of this study was to reveal the prevalence,

morphologic findings and clinical relevance of intramedul-

lary enhancement in cervical myelopathy.

Patients and methods

This study was designed as a prospective multicenter study.

Patients with cervical myelopathy who underwent Kuroka-

wa’s laminoplasty or anterior spinal fusion were consecu-

tively investigated. However, the patients who disapproved

the study, trauma-induced, a history of spinal surgery,

rheumatoid arthritis, cerebral palsy and other brain dis-

orders, Gd-DTPA hypersensitivity and claustrophobia were

excluded. A total of 683 patients were enrolled in the study.

The age of the patients was 63.1±13.0 (mean±s.d.) (95%

confidence interval; 62.3–63.9 years) years. Sagittal T1, 2-

weighted and Gd-DTPA-enhanced T1-weighted MRI and

axial T2-weighted and Gd-DTPA-enhanced MRI were taken

1 month before surgery. A 1.0-Tesla superconducting ima-

ging system (SMT-100, Shimadzu, Kyoto, Japan) or a 1.5-T

superconducting imaging system (Magnetom H15, Siemens,

Erlangen, Germany) were used for MRI. All patients who had

intramedullary Gd-DTPA enhancement were referred to

neurologists, or had their cerebrospinal fluid checked before

surgery and the enhancements were confirmed as not caused

by other diseases. Fifty consecutive patients without the

intramedullary enhancement in one hospital were allocated

in a non-enhancement group.

The following variables were investigated.

(1) Prevalence of intramedullary enhancement

(2) Duration of symptoms and the age at the surgery

(3) Location of intramedullary enhancement in the sagittal

images and relationship with the compression

(4) Morphology of the enhancement area

On sagittal-enhanced MR images, the shapes of the enhance-

ment area were classified into two types. A short type was

defined as that its length was within one vertebra length and

a long type was longer than one vertebra length. On axial-

enhanced MR images, the shapes of the enhancement area

were classified into peripheral type, central type, scattering

type, diffuse type, snake-eye type and nontypeable type

(Figure 1). In the nontypeable type, the shape

of the enhancement area could not be classified into

any types, because all MR images were obtained in the

same protocol and the axial image of the enhancement

was not obtained clearly in some cases with very small

enhancement.

(5) Signal intensity on T1WI and T2WI and the relation-

ship between the Gd-DTPA enhancement and high signal

intensity area on T2WI

Signal intensities of the spinal cord were evaluated on

T1WI and T2WI. On sagittal and axial T2WI, the shape of the

high signal intensity area was classified in the same way as

the Gd-DTPA enhancement area.

(6) Change in the Japanese Orthopedic Association (JOA)

score for cervical myelopathy one year after surgery and the

recovery rate

The JOA score quantified symptom and neurological

impairment.10 The JOA scores were measured before and 1

year after surgery. The recovery rate was evaluated using the

formula proposed by Hirabayashi et al.10: recovery rate

(%)¼ ((postoperative JOA Score)�(preoperative JOA Score))/

(17�(preoperative JOA Score))�100.

(7) Change of the Gd-DTPA enhancement after surgery

Forty patients with intramedullary enhancement before

surgery agreed to the second MRI examination 1 year after

surgery. The MRI was performed according to the same

protocol as the first examination. The relationship between

the change of the enhancement and the recovery rate was

investigated.

We certify that all applicable institutional and govern-

mental regulations concerning the ethical use of human

volunteers were followed during the course of this research.

Statistical analysis

The data are expressed as the means±s.d. and 95%

confidence interval (CI). Statistical differences in the dura-

tion of symptoms and age were tested by the unpaired

Student’s t-test and checked by the Mann–Whitney U-test.

Differences in the JOA score and recovery rate were tested by

Figure 1 On axial-enhanced MR images, the shapes of the enhancement area were classified into peripheral type (a), central type
(b), scattering type (c), diffuse type (d) and snake-eye type (e).
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the Mann–Whitney U-test. Differences in the JOA scores for

each morphological type of intramedullary enhancement

were analyzed using the one-way ANOVA with the post-test

and Tukey–Kramer Multiple Comparison test. A probability

value of less than 0.05 was considered to indicate statistical

significance. All tests were two-tailed. All statistical analyses

were performed using a personal computer with the

commercially available computer software program (Graph-

Pad InStat 3.0 for Windows, GraphPad Software, San Diego

CA, USA).

Figure 2 On sagittal-enhanced MR images, the lengths were within one vertebra length in all cases. Enhancements were observed between
the most severely compressed intervertebral disc and the cranial half of the lower vertebral body (a, c, e). On axial images, the enhancements
were classified into peripheral type (b), central type (d) and scattering type (f). Arrows indicate Gd-DTPA enhancement areas.
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Results

Prevalence of intramedullary Gd-DTPA enhancement

Intramedullary enhancement was observed in 50 cases

(7 3%) out of 683 cases of cervical myelopathy.

Duration of symptoms and the age at surgery

The duration of symptoms was 13.4±19.3 (95% CI; 7.9–

19.0) months in the enhancement group and 16.7±21.9

(95% CI; 10.4–22.8) months in the non-enhancement group.

There was no significant difference between them. The mean

age of the patients was 57.7±12.7 (95% CI; 54.1–61.3) years

in the enhancement group and 62.6±11.8 (95% CI; 59.3–

66.0) years in the non-enhancement group. The patients in

the enhancement group were significantly younger than the

other patients enrolled in the study (P¼0.005), and the

patients in the non-enhancement group (P¼0.046).

Location of intramedullary Gd-DTPA enhancement in the sagittal

images and the relationship with the compression

All intramedullary enhancement areas were observed at the

most severely compressed intervertebral disc level, which

was defined as the disc level of the maximally compressed

spinal cord. Intramedullary enhancements were observed in

seven cases (14%) at the C3/4 level, 18 cases (36%) at the C4/

5, 21 cases (42%) at the C5/6 and four cases (8%) at the C6/7.

The most severe compression in the non-enhancement

group were observed in 10 cases (20%) at the C3/4 level, 21

cases (42%) at the C4/5, 16 cases (32%) at the C5/6 and three

cases (6%) at the C6/7. There were no significant differences

in the most severe compressed level between the enhance-

ment and non-enhancement groups.

Morphology of the Gd-DTPA enhancement area

All cases showed the short type on sagittal images.

Enhancements were observed between the intervertebral

disc and the cranial half of the lower vertebral body in most

cases (Figure 2). On axial images, 23 cases (46%) were

classified as the peripheral type, four cases (8%) as central

type and 15 cases (30%) as scattering type. There were no

diffuse type and snake-eye type. Eight cases (16%) were

classified as nontypeable type. Gd-DTPA enhancements were

observed in the posterior or posterolateral peripheral area in

the spinal cord in many cases.

Signal intensity on T1WI and T2WI and relationship between

Gd-DTPA enhancement area and high signal intensity area on

T2WI

On sagittal images of T1WI, all cases showed iso signal

intensity in comparison with the normal spinal cord in both

groups. On sagittal images of T2WI, intramedullary high

signal intensity areas were observed in all cases (100%) in the

enhancement group and in 48 cases out of 50 cases (96%) in

the non-enhancement group.

Regarding the morphology of T2 high signal intensity area

on the sagittal images, 24 cases (48%) showed the short type

and 26 cases (52%) showed the long type in the enhance-

ment group, whereas, 32 cases (67%) showed the short type

and 16 cases (33%) showed the long type in the 48 non-

enhancement cases.

On the axial images, the transverse shapes of the T2 high

signal intensity areas are shown in Figure 3. Thirty-eight

cases (76%) showed the scattering type or diffuse type in the

enhancement group, whereas, the snake-eye type was the

most frequent in the non-enhancement group. The T2 high

signal intensity area in the enhancement group presented

with distinctive large and clear signal intensity in compar-

ison with the non-enhancement group. Enhancement areas

were included within the T2 high signal intensity areas and

smaller than those in all cases (Figure 4). In the cases with

the peripheral type and snake-eye type of T2 high signal

intensity areas, few intramedullary enhancements were

observed.

Change of JOA score for cervical myelopathy and the recovery rate

The preoperative JOA score was 9.8±2.8 (95% CI; 9.0–10.6)

points in the enhancement group and 9.8±3.3 (95% CI; 8.9–

10.7) points in the non-enhancement group. There was no

significant difference in preoperative severity presented by

the JOA score between the enhancement group and non-

enhancement groups. The preoperative JOA score was

9.6±2.7 (95% CI; 8.4–10.7) points in the peripheral type,

7.5±2.4 (95% CI; 3.7–11.3) points in the central type,

11.2±2.6 (95% CI; 9.8–12.6) points in the scattering type

and 9.0±2.7 (95% CI; 6.7–11.3) points in the nontypeable

type. The JOA score of the central type was lower than that of

other types. However, no significant differences were

observed in the JOA scores among the morphological types

of intramedullary enhancement. The postoperative JOA

score was 12.7±2.9 (95% CI; 11.8–13.7) points in the

enhancement group and 14.2±2.4 (95% CI; 13.6–14.1)

in the non-enhancement group (Figure 5). The recovery

Figure 3 Shape of T2 high signal intensity in the enhancement and
non-enhancement group. In the enhancement group, 38 cases
(76%) showed the scattering type or diffuse type T2 high signal
intensity area, whereas in the non-enhancement group, the snake-
eye type T2 high signal intensity area was 35% and the most
frequent.
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Figure 4 Gd-DTPA enhancement areas were included within the T2 high signal intensity areas and smaller than T2 high signal intensity areas.
(a–d) peripheral type, (e–h): scattering type. Arrows indicate Gd-DTPA enhancement areas. Arrows indicate Gd-DTPA enhancement areas and
T2 high signal intensity areas.
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rate was 42.0±28.5% (95% CI; 32.9–51.2) in the enhance-

ment group and 61.3±25.9% (95% CI; 53.9–68.6) in the

non-enhancement group. The postoperative JOA score

(P¼ 0.006) and recovery rate (P¼ 0.002) in the enhancement

group were significantly lower than those in the non-

enhancement group.

Change of the Gd-DTPA enhancement after surgery

In 24 cases out of the 40 cases (60%), the enhancement

disappeared. In 15 cases, the enhancement still remained,

but decreased in area and intensity. There was no significant

difference in the recovery rate between the cases in which

the enhancement disappeared and the cases in which the

enhancement decreased.

In one case, the enhancement area enlarged (Figure 6).

In a 69-year-old female with cervical spondylotic myelopathy,

the intramedullary enhancement at C4/5 was observed in an

enhanced MRI before surgery. Her symptoms were improved

immediately after Kurokawa’s laminoplasty. However, they

became aggravated 6 months later without any specific

cause. The JOA score aggravated from 5 points to 4 points 1

year after surgery. MR images showed extensive swelling of

the spinal cord and enlargement of the intramedullary

enhancement. The type of the enhancement area on axial

image changed from a peripheral type to a diffuse type.

Discussion

There have been a few reports addressing the intramedullary

Gd-DTPA enhancement in cervical myelopathy. Sato et al.7

investigated Gd-DTPA enhancement in 53 cases of cervical

spondylotic myelopathy. Diffuse enhancements were ob-

served at most severely compressed intervertebral disc level

in nine cases. The enhancement disappeared in three cases

and reduced in six cases 1 year after surgery. Cabraja et al.11

reported a case of cervical myelopathy. MR images showed

an atypically enlarged intramedullary T2 high intensity with

enhancement that resembled an intramedullary tumor.

As there have been no systemic studies regarding the intrame-

dullary enhancement, the prevalence of the enhancement

was not revealed in cervical myelopathy. In this study, the

intramedullary enhancement was observed in 7.3%, whereas

T2 high signal intensity areas were observed in all enhance-

ment cases and in 96% in the non-enhancement cases. In

comparison with the prevalence of the T2 high signal

intensity, intramedullary enhancement was uncommon.

Intramedullary enhancement is known to appear in

intramedullary lesions such as intramedullary tumors, multi-

ple sclerosis, sarcoidosis, myelitis and spinal cord infarction.

The recognition of the imaging feature should help in

distinguishing the cervical myelopathy with the intrame-

dullary enhancement from the other intramedullary lesions.

Intramedullary tumors tend to enhance in a central area,

whereas demyelinating disease or sarcoidosis show a more

peripheral enhancement. The enhancement in multiple

sclerosis correlates with the clinical development of the

disease. The multiple sclerosis is often initially enhanced and

thereafter undergoes a non-enhancing state. Spinal cord

infarction typically reveals a diffuse enhancement 10 to 21

days after infarction. In this study, the enhancements were

observed between the intervertebral disc and the cranial half

of the lower vertebral body and within one vertebra length

on sagittal images. On axial images, they showed the

peripheral type or scattering type in many cases. These

morphological features provide important information to

distinguish cervical myelopathy from other intramedullary

lesions.

Various factors such as the preoperative duration, the

severity of symptoms and the transverse area and the antero-

posterior compression ratio of the spinal cord have been

reported to influence the prognosis in cervical myelopa-

thy.4,12 Although the clinical relevance of signal intensity

changes on T1WI and T2WI in cervical myelopathy has been

widely studied, it has remained controversial.1–3,10 Mizuno

et al.4 described that the snake-eye T2 high signal intensity

indicated an irreversible necrosis and showed a worse

outcome. In this study, the snake-eye T2 high signal

intensity was observed in 4% of the enhancement group

and 35% in the non-enhancement group. The snake-eye T2

high signal intensity was observed commonly in cervical

myelopathy and did not indicate bad prognosis. On the

other hand, the intramedullary enhancement indicated a

worse prognosis in this study. The intramedullary enhance-

ment on preoperative MRI should be a convincing predictor

of the surgical outcome in cervical myelopathy.

Although the mechanism of intramedullary enhancement

in spinal cord injury (SCI) and cervical myelopathy

is not clear, there are a few speculations with reference

to the pathological mechanism of the intramedullary

Figure 5 No significant difference was observed in the preoperative
Japanese Orthopedic Association (JOA) scores. There was a sig-
nificant difference in the postoperative JOA scores between the
enhancement and non-enhancement groups.
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enhancement in the SCI.6,13 The Gd-DTPA enhancement

indicates a disruption of the spinal cord parenchyma and a

disturbance of the blood-cord barrier (BCB) in the injured

spinal cord. During the early phase of the neovascularization

in the gliosis after SCI, the BCB is incomplete and induces

the enhancement.6 In addition, the disturbed venous

circulation caused by SCI resulted in local venous hyperten-

sion at the affected level.14 Such venous hypertension may

thus eventually result in the hyperpermeability of the

intramedullary vessels and thereby cause intramedullary

enhancement. In this study, 98% of the enhancement in

cervical myelopathy either disappeared or decreased in

intensity of the enhancement after surgery. This suggests

that chronic compression may therefore lead to a distur-

bance of BCB and venous hypertension, which thus causes

the enhancement, and such enhancement thereafter either

disappears or decreases in intensity because of the improve-

ment of the pathologic conditions as a result of the surgery.
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