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S
ince its clinical introduction in the early 1980s, mag-
netic resonance imaging (MRI) has transformed the
practice of differential diagnosis and disease moni-
toring for the majority of disorders affecting the cen-
tral nervous system (CNS). Few diseases have yield-

ed more dramatically to advancing MRI technology than mul-
tiple sclerosis (MS) and the allied inflammatory demyelinating
diseases. Widespread and dynamic inflammatory processes of
the white matter that were largely invisible by CT scanning are
now rendered in comparatively exquisite detail by convention-
al MRI, and newer techniques are providing a wealth of infor-
mation regarding axonal degeneration and functional adapta-
tion. However, overuse of and overreliance on MRI by clini-
cians can sometimes occur. Interpretation and clinical judg-
ment remain essential in MS care; MRI provides a wealth of
data but can in some instances raise as many questions as it set-
tles. To better understand MRI’s role in MS, this article dis-
cusses the practical uses of conventional MRI techniques to
diagnose and follow patients with MS in the office setting.

MAKING THE DIAGNOSIS
The majority of MS cases can be diagnosed by clinical and
imaging parameters alone, provided these are properly applied
and that other causes of CNS inflammatory white matter dis-
ease (MS mimickers) are ruled out, usually by appropriate
blood tests and occasionally by a negative CSF analysis. A CSF
analysis which is positive for markers of abnormal intrathecal
immunoglobulin synthesis (increased IgG index, synthesis
rate, and/or oligoclonal bands) can also be useful in unusual
presentations and in primary progressive MS, where imaging
may be negative, especially early in the disease course.
Frequently, however, the CSF is negative for these markers
early in the disease course. Visual evoked potential recordings
may be useful in documenting a prior episode of retrobulbar
neuritis when they show a prolonged P100 latency with pre-
served wave form; beyond this, further electrical studies are
not often helpful or reliable. 

An international panel chaired by W. Ian McDonald met in
July 2000 to review preexisting criteria for the diagnosis of MS
and to incorporate modern imaging techniques into a diagnos-
tic scheme that would allow the physician to satisfy a require-
ment for dissemination of lesions in time and/or space with-
out having to wait for a second clinical manifestation of dis-
ease, as had previously been the norm.1 The resulting

“McDonald Criteria” may appear cumbersome at first, but, if
properly applied, show a sensitivity of 83 percent, specificity of
83 percent, negative predictive value of 89 percent, and accu-
racy of 83 percent for clinically definite MS at three years in
patients initially presenting with a clinically isolated syndrome
(CIS) suggestive of demyelinating disease.2

Since initiation of treatment at the time of CIS in patients
with abnormal MRI findings has been shown to delay the
onset of a second clinical attack, i.e., clinically definite MS
(CDMS), many MS specialists now advocate early treatment,
at the time of CIS, if the initial MRI findings are suggestive of
prior asymptomatic inflammation.3 In my experience, the
McDonald criteria are highly specific for a diagnosis of MS
and are therefore especially useful as inclusion criteria for clin-
ical trials, but when adhered to slavishly can often result in
delay of treatment when the diagnosis is clinically obvious. 

It should also be re-emphasized from the outset that the
McDonald criteria do not absolutely require an MRI in order
to diagnose MS. Two or more attacks with objective clinical
evidence of two or more lesions will suffice. In contradistinc-
tion, the criteria also do not provide for a diagnosis of MS
based on imaging alone. At least one attack with objective clin-
ical evidence of a CNS lesion (CIS) is required before paraclin-
ical data (chiefly MRI) come into play. Furthermore, it cannot
be over-emphasized that there must be no better explanation
for any clinical or paraclinical abnormalities in order for the
diagnosis to be secure, i.e., MS mimickers must be ruled out.

More recently, the AAN’s Therapeutics and Technology As-
sessment Subcommittee published evidence-based recommen-
dations on the role of MRI in diagnosing MS in patients with
CIS where MS mimickers have been ruled out, and made
favorable recommendations regarding the use of MRI in diag-
nosing CDMS in patients with CIS following the exclusion of
other relevant conditions. The conclusions are as follows:4

1. On the basis of consistent Class I, II, and III evidence,
in patients with CIS, the finding of three or more white mat-
ter lesions on a T2-weighted MRI scan is a very sensitive pre-
dictor (>80 percent) of the subsequent development of CDMS
within the next seven to 10 years (Type A recommendation).
It is possible that the presence of even a smaller number of
white matter lesions (e.g., one to three) may be equally predic-
tive of future MS, although this relationship requires better
clarification. 

2. The presence of two or more gadolinium-enhancing

           



lesions at baseline is highly predictive of the future develop-
ment of CDMS (Type B recommendation). 

3. The appearance of new T2 lesions or new Gd enhance-
ment three or more months after a clinically isolated demyeli-
nating episode (and after a baseline MRI assessment) is highly
predictive of the subsequent development of CDMS in the
near term (Type A recommendation). 

4. The probability of making a diagnosis other than MS in
patients with CIS with any of the above-listed MRI abnormal-
ities is quite low, once alternative diagnoses that can mimic
either MS or the radiographic findings of MS have been
excluded (Type A recommendation). 

The committee did not offer recommendations on the use
of MRI for disease monitoring once the diagnosis has been
made or to evaluate the effectiveness of treatments, once they
have been initiated, and indeed no such guidelines exist.

While the McDonald criteria, building on earlier MRI cri-
teria of Barkhof5 and Tintore,6 address to some extent the issues
of lesion size (>3mm), number (> nine T2 hyperintense lesions
if no Gd+ lesion is present), and location (infratentorial, juxta-
cortical, periventricular, spinal cord) in satisfying a require-
ment for dissemination in space, the issue of lesion morpholo-
gy is not well-addressed, except to stress the importance of Gd
enhancement. Also, while the criteria fairly carefully spell out
what is needed to satisfy a requirement for dissemination in
time (new lesions may be sought on serial scans performed as

often as every three months from the initially abnormal base-
line scan), they do not specifically address the issue of follow-
up of CIS with a normal initial brain MRI. 

Below is an attempt to provide some useful examples of MS
lesion characteristics on MRI to avoid the common pitfalls of
misdiagnosis that can result from a misapplication of the
McDonald criteria, as well as to suggest a general framework
for MRI use in MS patients. 

WHAT TO ORDER
MS lesions (“plaques”) shown by conventional MRI fall into
several often-overlapping categories, including hyperintensities
on T2-weighted images, hypointensities on T1-weighted
images, and gadolinium-enhancing (Gd+) lesions. Another
MRI measure of disease severity of growing interest is atrophy
of the brain and spinal cord. The routine evaluation of the
patient with known or suspected MS should include conven-
tional spin-echo noncontrast axial T1-weighted, T2-weighted,
axial and saggital FLAIR, and postcontrast (Gd+) T1-weighted
techniques. 

A standardized approach to imaging MS patients has been
developed by the Consortium of MS Centers and is available
at www.mscare.org/pdf/MRIProtocol2003.pdf. Most centers
routinely perform diffusion-weighted imaging (DWI) in addi-
tion to these sequences, but, because of T2 “shine-through”
effects, these are only useful when combined with correspon-

ding Apparent Diffusion Coefficient mapping. While
diffusion abnormalities may precede gadolinium
enhancement in the hyperacute MS plaque, early
inflammatory and ischemic lesions cannot be reliably
distinguished by their DWI/ADC characteristics alone,
and clinical onset, combined with lesion location (i.e.,
vascular distribution), are still of paramount importance
in the emergency setting when evaluating the young
patient with hemiparesis and cortical or brainstem signs. 

Greatly increased sensitivity to active breakdown of
the blood-brain barrier can be obtained by using double-
or triple-dose Gd, and/or increasing the delay time
between Gd infusion and imaging by five or more min-
utes.7 While double- and triple-dose Gd may be imprac-
tical and cost prohibitive, a post-infusion delay of five
minutes, during which time sagittal FLAIR imaging can
usually be performed without appreciable loss of T2 sig-
nal characteristics, is a practical and cost-effective way to
achieve increased sensitivity. Instructing every patient to
request a bathroom break immediately after the injec-
tion soon wears on the technologist and frequently
results in coregistration difficulties, since replacement in
the scanner is seldom identical. A simple conversation
with the radiologist or technologist to prearrange the
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Figure 1. Axial and sagittal FLAIR images revealing typical rounded or oval
hyperintensities in the periventricular white matter and corpus collosum (left
and middle), oriented perpendicularly to the ventricles (Dawson’s fingers); and
cortical lesions (right), all typical for MS.

Figure 2. Proton Density and T2-weighted scans showing common sites of MS
involvement in the posterior fossa: Pons (left); cerebellar white matter (mid-
dle); and middle cerebellar peduncle (right).

        



pulse sequences as above will generally
avoid any “down-time” and result in
less animosity. 

The number of Gd+ lesions is the
most clinically relevant MRI measure
for ongoing inflammatory disease
activity, but does not always correlate
with or predict a clinical relapse since
new Gd+ lesions are 5-10 times more
frequent than clinical relapses8 and typ-
ically last for an average of only three
weeks (range one to 13 weeks).9 The
characteristics of Gd+ lesions vary with
different stages and subtypes of MS. In early, relapsing-remit-
ting MS (RRMS), the dynamics of lesions may correlate rea-
sonably well with overall T2 lesion burden and disease activity
as seen both clinically and on MRI,10 but in primary progres-
sive and secondary progressive MS Gd+ lesions are seen less fre-
quently. Thus, gadolinium enhancement represents a sensitive
and useful marker for monitoring disease activity and treat-
ment effects, especially in early relapsing-remitting disease.

WHAT TO LOOK FOR
A common obfuscation in the application of the McDonald
criteria seems to arise from the dual meaning of the word
“lesion.” In the context of the initial presentation of CIS,
“lesion” refers to a demonstrable clinical abnormality of the
CNS and not to an area of signal abnormality on MRI.
Unfortunately (but perhaps unavoidably), “lesion” is also used
to define an area of signal abnormality seen on MRI. In my
experience the most common difficulty, however, arises from
the failure to differentiate MRI lesions that are typical of MS
from those that are “nonspecific” and frequently noted as inci-
dental findings on routine imaging of patients with headache,
vertigo and a variety of other common conditions. Here’s what
to look for:

HYPERINTENSE LESIONS ON T2-WEIGHTED IMAGES
Hyperintenity on T2-weighted MRI scans reflects general
increases in water
content and thus is
not specific for the
underlying patholo-
gy. Processes such as
i n f l a m m a t i o n ,
edema, demyelina-
tion, remyelination,
gliosis, Wallerian
degeneration and
axonal loss cannot

be readily distinguished by their
appearance on T2-weighted images.
Lesion location and morphology thus
become critical in distinguishing true
demyelinative lesions from the more
prevalent “nonspecific” lesions of glio-
sis, enlarged perivasular spaces, and
microvascular ischemia. 

MS lesions may be seen throughout
the brain, especially in the white mat-
ter, but with improving scanner
strength and acquisition protocols that
maximize tissue contrast and signal-to-

noise, increasing attention is focusing on gray matter lesions in
MS, now known to be much more common than previously
appreciated. In the white matter, MS lesions typically affect the
periventricular and juxtaventricular regions, corpus callosum,
juxtacortical gray-white matter junction, and infratentorial
brain regions (Figure 1). In the posterior fossa, involvement
typically includes lesions in the brain stem (especially the
pons), middle cerebellar peduncles, and cerebellar white matter
but may involve any myelinated structure (Figure 2). Direct
involvement of the cerebral cortex and underlying “U-fibers”
may also occur (Figure 1) and is the focus of much investiga-
tion.

MS lesions are commonly oval or ovoid and usually 5mm or
greater in diameter, especially when located supratentorially.
Periventricular white matter lesions of MS typically make con-
tact with the ependymal surface of the ventricles (i.e., are jux-
taventricular) without intervening areas of normal-appearing
white matter (NAWM). They are perpendicular to the long
axis of the lateral ventricles and arise from perivenular extrava-
sation of T-cells and macrophages, with active inflammation
and demyelination, thus providing an imaging counterpart to
the classic MS pathologic hallmark of “Dawson’s Fingers.”
(Figure 1). Lesions in the corpus callosum are extremely char-
acteristic and common in MS, in contrast to periventricular
white matter abnormalities seen in migraine or microvascular
ischemic change, and typically affect the inner surface adjacent

to the lateral ventricles
(Figure 1). 

F l u i d - a t t e n u a t e d
inversion recovery
(FLAIR) imaging uses
heavy T2-weighting with
nulling of CSF signal,
thus maximizing contrast
between lesions and nor-
mal tissue or CSF. These
images are thus most
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Table 1. Helpful MRI Findings in MS Diagnosis and Management
Technique Feature Relevance
T1 Persistent “Black Hole” Tissue Destruction/Axonal transection
T1 Gd+ Various patterns Active Inflammation/BBB disruption
FLAIR Hyperintensity Juxtaventricular/juxtacortical sensitivity
T2/PD Hyperintensity Infratentorial sensitivity/specificity
Spinal Cord Hyperintensity Increased diagnostic specificity
Atrophy Volume loss Correlation with disability
Gd+: Gadolinium-enhancing; BBB: Blood-Brain Barrier; FLAIR: Fluid-Attenuated Inversion Recovery; PD: Proton Density.

Figure 3. T2 (left) and corresponding T1 (right)
images showing a chronic hypointensity (black
hole) in the left periventricular white matter. Note
other areas of T2 signal abnormality without cor-
responding T1 hypointensity.

            



helpful in identifying lesions adjacent to the CSF such as in
periventricular or cortical/juxtacortical areas (Figure 1). FLAIR
has less utility for posterior fossa or spinal involvement, where
conventional T2 or proton density (PD) images are more sen-
sitive and less subject to artifact (Figure 2).

The extent of T2 hyperintense lesion load has prognostic
value early in the disease course. In a 10-year follow-up study
of patients with CIS, the risk of conversion to clinically defi-
nite MS was low (11 percent) with a negative brain MRI at
baseline but increased to 90 percent if there were two or more
brain lesions at presentation.11 The increase in T2LV in the first
five years also predicted the level of disability at 14 years.12

Therefore, early T2-hyperintense lesion load and its evolution
have prognostic value in patients with CIS, both in terms of
conversion to definite MS and for the development of long-
term disability. Later in the course of the disease, lesions may
become confluent about the ventricles, involving nearly the
entirety of the centrum semiovale, corona radiata, and subcor-
tical U-fibers, often with marked atrophy and ventricular
dilatation, and individual lesions may be difficult discern in
these areas.

HYPOINTENSE LESIONS ON T1-WEIGHTED IMAGES
A number of T2-hyperintense lesions in the brain are also seen
on corresponding T1-weighted images as areas of hypointensi-
ty (“black holes”) relative to normal white matter (Figure 3).
Approximately half of acute, newly-formed T1-hypointense
lesions will revert to isointensity, but will generally leave an area
of T2 signal abnormality. Such transient T1-hypointense
lesions most likely represent reversible edema and inflamma-
tion, or possibly demyelination with subsequent remyelination
in some cases.13,14

Acute T1-hypointense lesions that show a smaller amount
and shorter duration of tissue enhancement have a higher
probability of returning to isointensity and will usually do so
within six months.15 Chronic or persistent T1-hypointense
lesions persisting over several months are likely to represent
irreversible changes such as profound demyelination and axon
loss.13 Brain T1-hypointense lesions show a better correlation
with clinical disability than T2-hyperintense lesions, and may
be particularly numerous in in secondary progressive patients.16

GD-ENHANCING LESIONS
Gadolinium-enhancing lesions in MS are correlated histo-
pathologically with T-cell migration across the blood-brain
barrier17 and are more commonly seen in relapsing-remitting
than primary or secondary progressive MS. There are various
morphologies that can be seen in Gd-enhanced lesions in MS
(Figure 4), the most common being punctate or homogeneous.
Heterogeneous, tumorlike, and ring-enhanced patterns may

also occur. An incomplete or “open” ring pattern is particular-
ly characteristic of MS as compared to the ring-enhancement
seen in other diseases, and may herald more severe tissue
destruction and a persistent “black hole.”

SPINAL CORD IMAGING
Spinal cord hyperintense lesions on T2-weighted images are
commonly found in patients with MS18 and are a common
cause of disability. Spinal cord disease may be the most impor-
tant factor contributing to the lack of strong correlation
between clinical disability as measured by EDSS and T2 lesion
load as seen on brain MRI. Spinal cord lesions of MS typically
involve no more than 1-2 contiguous spinal levels, and less
than one-half of the cord cross-sectional area (Figure 5),
although they may become nearly confluent in later stages of
the disease. Larger fusiform or irregularly shaped lesions
involving multiple contiguous levels and more than one-half of
the cord diameter are not characteristic of early partial trans-
verse myelitis seen as CIS and should prompt a thorough work-
up for other causes of myelopathy.19

BRAIN AND SPINAL CORD ATROPHY
MRI measurements of brain and spinal cord atrophy provide a
method for assessing the neurodegenerative aspects of disease
progression. CNS atrophy is emerging as a clinically relevant
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Figure 4. Characteristic patterns of T1 post contrast enhancement in
MS: Left, homgeneous; Middle, punctate and ring-enhancing; Right,
Open ring sign.

Figure 5. T2 saggital (left) and axial (right) MRI showing typical spinal
cord findings in CIS or early MS. Lesions occupy 1-2 vertebral levels
on saggital scans and less than half the diameter of the cord on the
corresponding axial view.

            



biomarker for longitudinal monitoring of patients that
provides information complimentary to lesion assess-
ments.20 Brain atrophy begins in the early stages of MS,
even within the first one to two years in patients with
CIS and early relapsing-remitting MS, and longitudi-
nal studies have shown a link between brain atrophy
and subsequent long-term progressive neurological
impairment, including cognitive dysfunction.21 Spinal
cord atrophy also occurs early in the disease process22

and shows a moderate to strong relationship with
physical disability, particularly in patients with pri-
mary progressive and secondary progressive MS
(Figure 6). Various methods are available to measure brain atro-
phy,23 and techniques continue to improve with technological
advances in MRI hardware and software, but they are not yet
FDA-approved and licensed for commercial clinical applica-
tion.

CONCLUSION
MRI is a remarkably sensitive paraclinical test that can be
repeatedly used to demonstrate both the acute and chronic
changes in CNS signal characteristics that are typically seen in
MS. As such, it is used increasingly as a diagnostic tool to
establish dissemination in time and space, a prognostic tool at
the time of CIS, and as a tool to monitor disease activity and
the effectiveness of treatments. Unfortunately, MRI is not spe-
cific to the disease process and can be misleading if not inter-
preted in the proper clinical context. The typical “laundry list”
differential generated by the radiologist in response to nonspe-
cific T2 signal changes in the white matter is further proof of
this and is almost never helpful. 

The diagnosing and treating neurologist is obligated to look
at the images, which is time consuming and usually not reim-
bursed. Neither do conventional measures of disease burden or

activity, such as T2 lesion number or volume, or Gd+ lesion
number always correlate well with symptoms or disability on
cross-sectional studies or at the office visit. One should not be
drawn into the type of simple structure/function explanation
that characterizes other CNS lesions. Surprising numbers of
MS lesions may be found in supposedly “eloquent” areas of the
CNS, including the brainstem and spinal cord, without any
corresponding symptoms or signs on examination. 

One must incorporate the MRI into an overall picture of
the patient that also includes clinical measures of disease activ-
ity, such as relapse rate and disability progression, when decid-
ing when to initiate or change treatments. Longitudinal stud-
ies and improving MRI techniques will undoubtedly shed new
light on the disease process, but will also raise new questions,
as increased sensitivity shows us pathologic processes in what
we even now tentatively deem the “normal appearing” brain
tissue.  PN
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Figure 6. CNS Atrophy in MS. Note marked atrophy of periventricular and subcor-
tical white matter (left), corpus collosum (middle), and spinal cord (right).

         


