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Multiple Sclerosis of the Spinal Cord: is Gadolinium 
Irreplaceable in Assessing Lesion Activity?
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Purpose: To evaluate the relationship between the T2 patterns of spinal cord multiple sclerosis lesions and their contrast uptake.

Material and method: We retrospectively reviewed the appearance of spinal cord lesions in 29 patients (with relapsing-remitting multiple 

sclerosis) who had signs and symptoms of myelopathy on neurologic examination and at least one active lesion visualized on magnetic reso-

nance examinations performed between 2004 and 2011. We correlated the T2 patterns of lesions with contrast enhancement and calculated 

sensitivity and specifi city in predicting gadolinium enhancement. 

Results: Only focal patterns consisting of a lesion’s center homogenously brighter than its periphery on T2-weighed images (type I) correlated 

signifi cantly with the presence of contrast enhancement (p = 0.004). Sensitivity was 0.307 and specifi city 0.929. In contrast, enhancement 

was not signifi cantly related to uniformly hyperintense T2 focal lesions (type II) or diffuse (type III) pattern defi ned as poorly delineated areas of 

multiple small, confl uent, subtle hyperintense T2 lesions (p 0.5 for both).

Conclusions: We believe that information about the activity of multiple sclerosis spinal cord lesions in patients with myelopathy may be ex-

tracted not only from contrast enhanced, but also from non-enhanced magnetic resonance images.

Keywords: spinal cord, multiple sclerosis, magnetic resonance imaging

Received: 13 April 2012

Introduction
In as many as 90% of multiple sclerosis (MS) patients, the 
spinal cord is involved [1].

It is generally believed that since acute multiple sclerosis 
lesions are associated with transient breakdown of blood-
brain barrier (BBB), gadolinium contrast agents will pro-
duce enhancement of these lesions on T1 weighted im-
ages. Contrast enhancement remains a sensitive method 
for detection of active MS lesions with all the implications 
derived from this presence (diagnosis, clinical status and 
prognosis). But is the information off ered by the adminis-
tration of contrast really irreplaceable? Besides, it has been 
reported that contrast-enhancement might be infl uenced 
by the eff ect of drugs [2]. Th erefore, the present study 
aims to identify imaging fi ndings that predict lesion activ-
ity without contrast media by analyzing morphology and 
signal patterns of spinal cord MS lesions on T2-weighted 
images and correlating these with fi ndings obtained from 
contrast-enhanced T1-weighted images.

Material and method
We retrospectively reviewed the appearance of spinal cord 
MS lesions in 29 patients (3 men and 26 women aged 23–
54 years) with relapsing-remitting MS, who had signs and 
symptoms of myelopathy on neurologic examination and 
at least one active lesion visualized on magnetic resonance 
(MR) examinations performed between January 2004 and 

December 2011. MR imaging was performed on 1.0 T 
(General Electric Medical Systems, Milwaukee, USA) us-
ing a phased-array multicoil. All patients underwent sagit-
tal T2-weighted fast spin-echo images (TR/TE = 3000/102 
ms) and sagittal T1-weighted spin-echo (TR/TE = 450/14 
ms) images before and after the injection of 0.1 mmol/
kg gadopentetate dimeglumine. Postcontrast T1-weighted 
images were obtained through the spinal cord segments 5 
to 10 minutes after the administration of contrast. For all 
images a 3-mm section thickness, a 256 × 256 matrix and 
an FOV of 24 mm were used. 

Data analysis 
To reduce interobserver variability all analyses were per-
formed by two radiologists who worked together. Consen-
sus was reached by agreement.

Th e T2 patterns of lesions were classifi ed and divided 
into three types according to their morphology and sig-
nal intensity. When focal, lesions were judged according to 
their longest diameter.

Each lesion was then analyzed on pre- and postcontrast 
T1-weighted images to evaluate the presence of contrast 
uptake and its pattern. Th e questionable, small areas of en-
hancement near the pial surface were excluded from the 
analysis. Fisher’s exact test was used to explore the associa-
tion between the T2 type of lesion and contrast enhance-
ment on postcontrast T1-weighted images. A p value less 
than 0.05 was considered statistically signifi cant. Sensitiv-
ity and specifi city in predicting gadolinium enhancement 
was also calculated. 
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Results
A total of 96 MS lesions (90 focal and 6 diff use) were 
identifi ed. Th irty-nine (40.65%) lesions showed contrast 
enhancement on postcontrast T1-weighted images (Ta-
ble I).

Th e focal pattern consisting of a lesion’s center homog-
enously brighter than its periphery on T2-weighed images 
(type I) correlated signifi cantly (p = 0.004) with the pres-
ence of contrast enhancement. Sensitivity was 0.307 and 
specifi city 0.929.

Th e corresponding contrast enhancement pattern was 
ring-like (58.33% – predominant), nodular (25%) or 
other (e.g. arc-like, 16.66%). Th e ring-like enhancement 
was linked to lesions measuring more than 6 mm. Typical 
examples are presented in Figures 1 and 2. Associated spi-
nal cord enlargement (swelling) was observed in 5 lesions. 
Th ere was no signifi cant (p = 0.145) correlation between 
the uniformly hyperintense focal lesions on T2-weighted 
images (type II) and contrast load (Figure 3). Enhance-
ment when appeared associated with this pattern (Figure 

 
Fig. 1. Type I pattern spinal cord lesion on T2 weighted image (a) associated with ring-like enhancement on postcontrast T1-weighted 
image (b).

 
Fig. 2. Type I pattern spinal cord lesion on precontrast T2-weighted image (a) shows homogeneous nodular enhancement on postcon-
trast T1-weighted image (b).
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4) was mostly patchy (85.18%). Enhancement was not sig-
nifi cantly (p = 0.078) related to diff use pattern (type III) 
defi ned as areas with poorly delineated, confl uent, multiple 
small, subtle hyperintense T2 lesions scattered throughout 
the cord (Figure 4). 

Discussions
Previous studies showed that contrast enhancement is asso-
ciated with the presence of an active infl ammatory process 
with perivascular lymphocytic infi ltration [3].

We found that the T2 pattern of spinal cord lesion which 
correlated best with contrast enhancement was the one 
consisting of a focal lesion with its center homogenously 
brighter than its periphery. Th is less T2 hyperintense pe-
riphery, that extended beyond both the lesion’s center and 
the borders of the enhancing component of the lesion, 
most likely represents reversible, perilesional edema. Th e 
presence of peripheral edema may also explain the associ-
ated spinal cord enlargement encountered in some of our 
cases.

 
Fig. 3. Multiple, type II pattern, spinal cord lesions are seen on T2-weighted image (a). Contrast enhancement is not observed on gado-
linium enhanced T1-weighted image (b).

 
Fig. 4. Multiple lesions are present on T2-weighted image (a) within the cervical spinal cord corresponding to pattern type II (at foramen 
magnum level) and III (extending from C3 to C5). The posteriorly located type II lesion shows patchy enhancement on postcontrast T1-
weighted image but enhancement is not observed in the pattern type III lesion (b). 
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Ring-like enhancement probably arises from recent in-
fl ammation at the edge of chronic demyelinating lesions [2]. 

However, not all spinal cord lesions presenting this T2 
pattern enhanced in our patients. It is well known that 
in the acute infl ammatory phase, the lesion disrupts the 
BBB, leading to gadolinium enhancement. Although this 
is considered to be one of the earliest changes observed in 
MS lesions, neuropathological and immunocytochemical 
studies revealed that BBB leakage can be found to vari-
able degrees in every MS lesion [4]. Quantitative contrast-
enhanced MRI also showed that subtle BBB leakage was 
a consistent feature in non-enhancing lesions [5]. Th ose 
observations suggest that enhancement cannot detect all 
infl ammatory changes, particularly when the level of in-
fl ammation is low. Certainly, much activity is taking place 
that is not necessarily defi ned by enhancement alone [6]. 

Besides, contrast enhancement depends on many fac-
tors, including both dosing of contrast material and the 
time from injection to imaging. Late phase imaging and 
triple dosing may improve the conspicuity of acute lesions 
[7]. On the other hand, contrast administration cannot 
help to document disease activity following steroid or ß-
interferon treatment, when variable degree of suppression 
of enhancing lesions occurs [2]. Th ere are also conditions 
when the administration of gadolinium-based agents is 
prohibited [8]. 

We found a weak correlation between the uniformly 
hyperintense focal lesions on T2-weighted images and 
contrast enhancement. Th e patchy enhancement, when 
encountered, may be a consequence of the transitory ac-
tivity of MS lesions. If a lesion is a consequence of MS, a 
follow-up examination is expected to show disappearance 
or decrease in enhancement with time [9].

Th e diff use pattern of MS spinal lesions was not cor-
related with contrast enhancement. However, MR imag-
ing-histopathological correlations have shown that diff use 
hyperintensities in the spinal cord correspond primarily to 
demyelination [3].

Conclusions
We believe that information about the activity of multiple 
sclerosis spinal cord lesions in patients with myelopathy 
may be extracted not only from contrast enhanced, but 
also from non-enhanced MR images.

Th e lesion’s pattern consisted of a lesion’s center homog-
enously brighter than its periphery on T2-weighed images 
correlated best with contrast enhancement and subsequent 
lesions activity. 
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