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Neuroimaging and the
Lesion of Multiple Sclerosis

In a patient with long-standing multiple sclerosis (MS), a double-dose delayed con-
trast-enhanced CT scan obtained during exacerbation revealed many areas of enhance-
ment. Vigorous treatment with corticotropic hormone was followed by almost complete
disappearance of these abnormalities. No areas of low attenuation were seen on a later
unenhanced CT scan. Finally, MR imaging showed only a single area compatible with a
plaque of MS. It is suggested that pathologic alteration of the blood-brain barrier seen
in MS is not necessarily followed by demyelination and plaque formation. Restoration of
the integrity of the blood-brain barrier may thus possibly prevent the formation of
plaques in some MS patients, in particular if this can be accomplished early in the course
of the exacerbation.

The exact nature of the initial lesion of multiple sclerosis (MS) that causes plaque
formation remains unknown, partly because the precise pathogenesis of MS is
unknown. It has recently been proposed that a decisive and obligatory step in the
evolution of MS requires an increase in blood-brain barrier (BBB) permeability [1].
The existence of such an alteration has been amply demonstrated by means of
experimental work [2], radionuclide uptake [3], and contrast-enhanced CT [4]. This
disintegrity of the BBB is transient and of unknown, but probably variable, duration.
Serial studies with CT and MR imaging in MS may provide valuable information
about the natural history of the MS lesion. Furthermore, some tentative hypotheses
may be drawn regarding the effect of certain forms of therapy on this evolution.

Case Report

A 26-year-old white woman had the first symptom of MS in May 1971 when her gait
became unsteady. She also had diplopia, which lasted for a week, and developed stammering
speech and severe clumsiness of the right hand. A neurologic examination revealed dysarthria;
horizontal, vertical, and rotary nystagmus in all directions of gaze; severe dysmetria, tremor,
and incoordination of the right hand; and hyperactive reflexes without pathologic responses.
Examination of her cerebrospinal fluid (CSF) showed several abnormalities (Table 1). The
diagnosis of MS was established, and she was treated with intramuscular adrenocorticotropic
hormone (ACTH) (Table 2) and was discharged definitely improved.

In December 1971 she was readmitted because of recurrent gait and speech difficulties
as well as weakness of both hands and numbness of the perioral area. In addition to the
previous abnormalities, she had developed left ankle clonus and a Babinski sign. She was
treated with oral prednisone (Table 2), after which she remained asymptomatic for 8 years.

In 1980 her disease appeared to become progressive. She had numerous exacerbations
including transient symptoms such as urinary incontinence, trunkal ataxia, diplopia, and visual
loss as well as slow, steadily progressive spastic paraparesis. In 1981 and 1982 she received
a series of treatments with oral prednisone (Table 2), with resulting symptomatic improvement.
In May and September of 1983 she had relapses requiring hospitalization. Her neurologic
examination showed a moderately severe spastic paraparesis, more marked on the left,
generalized hyperreflexia, and bilateral Babinski signs. Her urinary frequency, urgency, and
incontinence were particularly distressing. Her response to further treatment with prednisone
was less dramatic.
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TABLE 1: Cerebrospinal Fluid Findings in Multiple Sclerosis

Gamma

Leukocytes TP .~ lgG Oligoclonal

Date (% Lymphocytes) (mg/dl) C(;ol/c:t#g)n (% TP) Bands
6/6/71 8 (87) 38 17

6/10/71 18 (95) 46 19

7/28/71 2 (100) 50 12.5
12/27]72 1(100) 32 115

1/10/84 62 (100) 110 R o 36.1 =T
1/28/84 27 (100) 87 ;e 257 0
6/4/84 20 (100) 83 sam 34.7 0

Note.—TP = total protein; IgG = immunoglobulin G.

TABLE 2: Treatment Regimens in Multiple Sclerosis

Dates: Drug

June 1971:
Intramuscular ACTH

Dosage

60 units for 10 days

Total 600 units over 10 days

Dec. 1971-Nov. 1983:*
Oral prednisone

80 mg for 10 days
70 — 10 mg for 3 days each

Total 1640 over 31 days
Jan. 1984:
IV ACTH 100 units for 1 day

80 units for 17 days
70 — 10 units for 1 day each

Total 1740 units over 25 days

June 1984:
Oral prednisone

80 mg for 7 days
60 mg for 7 days
70 — 10 mg for 5 days each

Total 2380 mg over 49 days

Dec. 1984:
IV cosyntropin

1 mg for 10 days

Total 10 mg over 10 days

Note.—ACTH = adrenocorticotropic hormone; cosyntropin = «'-?*-cortico-
tropin (trade name, Cortrosyn).

# This treatment was administered in December 1971, April 1980, January
1981, July 1981, September 1981, December 1981, April 1982, June 1982,
May 1983, September 1983, and November 1983.

In mid-December 1983, for about a week after her last course of
oral prednisone, she had increasing difficulty walking as well as
severely diminished speech production that made her unable to
communicate verbally. A neurologic examination on admission in early
January 1984 showed her to be alert and oriented with almost
complete lack of spontaneous speech and no alterations of cognitive
functions. The rest of the examination was essentially unchanged.
CSF examination (Table 1) and a head CT scan with double-dose
delayed IV administration of contrast material (Fig. 1A) revealed
severe abnormalities. She received a course of IV ACTH (Table 2),
and she improved dramatically. She had, however, complete amnesia
for a period extending from 2 weeks before until 2 weeks after her
admission.

Another double-dose delayed CT scan 1 week after termination of
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ACTH treatment showed a considerable reduction in the number of
enhancing areas (Fig. 1B), while the unenhanced CT scan showed
no evidence whatsoever of low-attenuation lesions.

About 4 months later she had another exacerbation characterized
by increasing leg weakness, diplopia, and hand clumsiness. Her CSF
again showed lymphocytosis (Table 1), and a double-dose delayed
CT scan showed several new enhancing lesions. She responded well
to treatment with oral prednisone (Table 2). In December 1984 she
was readmitted after 6 weeks of slowly progressive right arm and
leg weakness. A double-dose delayed CT scan again showed some
enhancing areas (Fig. 1C). This time she was treated with IV cosyn-
tropin (Table 2), whereupon her new symptoms completely disap-
peared.

Since that time she has been followed on a regular basis, and, as
of November 1986, her ability to live her daily life and involve herself
in social activities had actually improved. An unenhanced CT scan in
March 1985 showed no low-density lesions, but only some general-
ized ventricular enlargement (Fig. 1D). Finally, in December 1985, an
MR scan using T2-weighting revealed only a single lesion in the left
frontal area (Fig. 1E).

Discussion

There is general agreement that areas of contrast enhance-
ment demonstrated by CT represent sites of alteration of BBB
impermeability [4, 5]. The evolution of such abnormalities is
variable: Complete resolution repeatedly has been shown to
occur in MS after the administration of corticosteroids and
corticotropic hormones, although some of these areas will
also resoive spontaneously. Often loci of low attenuation on
unenhanced CT will be found to correspond to areas that
enhance, although many of them may disappear completely
and result in isodense undetectable areas. Since the regions
of low attenuation have the same characteristics as edema,
it is quite likely that the low density is caused by the increased
water content of the early plaque, with associated demyeli-
nation. It is also possible that many of these areas, in partic-
ular in chronic cases, represent the actual plaques of MS.

It is now known that MR reveals considerably more lesions
than are visible on both enhanced and unenhanced CT scans.

The nature of the lesion visible on MR remains controver-
sial. The increase in T2 relaxation time shown by spin-echo
MR is believed to represent an increase in water content
caused by edema. It is not clear whether or not actual
demyelination contributes to changes in MR. Some investi-
gators have stated that myelin-bound protons contribute rel-
atively little to the MR signal for normal brain tissue and thus
would not play an important role in changing the T2 relaxation
time if myelin were destroyed [6]. Others think that a decrease
in myelin lipids can result in increased signal intensity [7, 8].
Young et al. [9] believe that the increased water content in
the MS lesion results from the destruction of hydrophobic
myelin. Ormerod et al. [10] believe that myelin loss per se is
unlikely to account for MR changes, but that altered signals
are produced by a change in the atomic environment of water-
based protons as a result of astrocytic proliferation.

These may be largely semantic considerations, since it is
most likely that in the early plague edema is always associated
with demyelination, whereas later astrocytic gliosis becomes
an integral part of it.
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Fig. 1.—A, January 1984: CT scan with double-dose contrast enhance-
ment (see text). Innumerable contrast-enhancing lesions in both cerebral
hemispheres. Mild bilateral effacement of lateral ventricles.

B, 1 month later: double-dose contrast enhancement. Several white-
matter enhancing lesions are still visible, but considerably fewer than
before treatment. Mild, generalized brain atrophy.

C, December 1984: double-dose contrast enhancement. Two punctate

Experience to date strongly supports the hypothesis that
the lesions visible by T2-weighted spin-echo MR represent
actual lesions of MS, that is, plaques at various stages of
development. This is indicated by the fact that serial MR
studies in MS patients have shown shrinkage and better
delineation of such lesions, suggesting the disappearance of
edema and the consolidation and scarring of the demyelinized
area by gliosis [11].

On the other hand, MR does not reflect the decrease in
BBB impermeability that is shown by contrast-enhanced CT
scanning. It is unlikely that the resolution of such contrast-
enhancing areas represents remyelination, since such reso-
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left-frontal-lobe white-matter enhancing lesions. Mild, generalized brain
atrophy.

D, March 1985: unenhanced study. Generalized brain atrophy un-
changed after 3 months.

E, MR image (spin-echo pulse sequence, repetition time = 1 sec, echo
time = 203 msec) with T2-weighting. One area of prolonged T2 relaxation
corresponds to more anterior of two left frontal lesions in C.

lution can occur in as little as 8 hr after the IV use of
methylprednisolone [12]. It has also been demonstrated that
some of the contrast-enhancing lesions are not visible by
spin-echo MR performed shortly after CT scanning [5]. There-
fore, it is worth considering the possibility that the alteration
of BBB impermeability does not necessarily lead to demyeli-
nation and plaque formation in MS.

There has been only one published observation comparing
contrast-enhanced CT with MR of the brain in MS. In that
article many more lesions were shown by MR, and all the
contrast-enhanced areas were represented by areas of in-
creased signal intensity in MR [11].
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As far as we know from a very limited number of studies,
MR abnormalities have not been seen to disappear completely
in MS, treated or untreated [11]. On the other hand, in
postinfectious encephalomyelitis, where the initial lesion is a
vasculopathy with inflammation and decreased impermeability
of BBB, demyelination is not inevitable and may actually never
occur [13]. In a series of four such cases in which follow-up
MR scans were obtained after treatment with IV corticoste-
roids [14], complete resolution of all lesions was noted in two
cases, whereas in the other two the size and number of
abnormal areas decreased. This experience tends to confirm
that the CT abnormalities represented edema and possibly
inflammation, but not demyelination.

There is much evidence that corticosteroid and cortico-
tropic hormones are not only antiedemic and antiinflammatory
agents but also stabilize the BBB. Several authors have
established that these medications will restore the integrity of
the BBB [12, 15-17].

Therefore, our case is remarkable for several reasons: (1)
there was a dramatic reduction in the number of contrast-
enhancing areas after treatment with IV ACTH; (2) no area of
decreased attenuation was seen on the unenhanced CT scan;
(8) although the possibility exists that some of the plaques
may have been isodense and therefore invisible, it is more
likely that the restoration of BBB impermeability in so many
areas prevented demyelination and formation of MS plagues;
(4) after subsequent exacerbations, areas of increased BBB
permeability reappeared and again were not associated with
the formation of low-attenuation lesions; and (5) finally, MR
showed that only a single lesion, that is, presumably a plaque
of MS, could be found.

Vigorous treatment with corticosteroids and/or cortico-
tropic hormone in this patient, which apparently restored the
integrity of the BBB, may have prevented the further patho-
genetic evolution of the MS process to its final stage of
demyelination and plaque formation. This suggests that the
initial lesion of MS, resulting from the alteration of the BBB,
simply consists of edema and inflammation and that demye-
lination may not occur immediately or at all.
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