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Progressive Multifocal Leukoencephalopathy in AIDS:
Are There Any MR Findings Useful to Patient

Management and Predictive of Patient Survival?

M. Judith Donovan Post, Constantin Yiannoutsos, David Simpson, John Booss, David B. Clifford, Bruce Cohen,
Justin C. McArthur, Colin D. Hall, and the AIDS Clinical Trials Group, 243 Team

BACKGROUND AND PURPOSE: While MR findings in progressive multifocal leukoence-
phalopathy (PML) have been described previously, usually in retrospective studies with limited
sample size, what has not been well addressed is whether any are predictive of longer survival.
Our participation in a large prospective clinical trial of AIDS patients with biopsy-proved PML
and MR correlation allowed us to test our hypothesis that certain MR features could be found
favorable to patient survival.

METHODS: The patient cohort derived from a randomized multicenter clinical trial of cy-
tosine arabinoside for PML. Pretreatment T1- and T2-weighted noncontrast images (n 5 48)
and T1-weighted contrast-enhanced images (n 5 45) of 48 HIV-positive patients with a PML
tissue diagnosis as well as the follow-up images in 15 patients were reviewed to determine signal
abnormalities, lesion location and size, and the presence or absence of mass effect, contrast
enhancement, and atrophy, and to ascertain the frequency of these findings. A statistical anal-
ysis was performed to determine if any MR abnormalities, either at baseline or at follow-up,
were predictive of patient survival.

RESULTS: No MR abnormalities either on univariate or multivariate analysis significantly
correlated with patient survival, with the exception of mass effect, which was significantly
associated with shorter survival. The mass effect, however, always minimal, was infrequent
(five of 48). More severe degrees of cortical atrophy and ventricular dilatation, lesion location
and size, and other MR variables were not predictive of outcome.

CONCLUSION: Except for mass effect, we found no MR findings predictive of the risk of
death in patients with PML. The mass effect, however, was so infrequent and minimal that it
was not a useful MR prognostic sign.

Progressive multifocal leukoencephalopathy (PML)
is a fulminating opportunistic infection of the brain
that occurs in approximately 4% of AIDS patients
(1–6). Caused by the JC papovavirus, a DNA virus,
it typically has caused death within 2½ to 4 months
of diagnosis (1, 2, 7). In the setting of severely
altered cellular immunity, this virus causes exten-
sive myelin breakdown and white matter destruc-
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tion, because of its targeting of the oligodendro-
cytes (8–11). Despite the use of different medical
therapies (1, 11–21), this infection has generally
remained refractory to treatment (1, 8, 14). Only a
small percentage of patients with a more benign
clinical course have reportedly had a prolonged
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survival (22–25). The lack of a successful therapy
for this usually fatal infection has prompted nu-
merous investigators to explore further the efficacy
of different medical regimens (1, 11–24). The hope
of finding an effective therapy has amplified the
need to noninvasively diagnose PML early in its
course and to assess treatment response.

While tissue diagnosis has been the mainstay for
confirming the presence of PML (1, 7, 8, 11, 13,
26–28), the need for a less invasive test in these
often critically ill patients has been acknowledged.
Although polymerase chain reaction (PCR) testing
of CSF for the JC virus has had promising results
(1, 19, 28–35), the use of supplementary tests, such
as MR imaging, has seemed very appealing. The
combination of CSF analysis, clinical correlation,
and MR findings to establish the diagnosis of PML
of the brain in a much less invasive way than tissue
diagnosis appears especially promising in light of
the recent advent of highly active antiretroviral
therapy (HAART) and the hope that it will slow
the deterioration of the immune system in HIV-pos-
itive persons (1, 29, 36–39).

Although MR findings in patients with PML
have been previously reported with the use of both
conventional (18, 25, 40–52) and newer pulse se-
quences, and with specialized MR techniques, such
as magnetization transfer (MT) (53, 54), fast fluid-
attenuated inversion recovery (FLAIR) (55, 56),
and MR proton spectroscopy (57–59), there have
been limitations of sample size in these mainly ret-
rospective studies in addition to some limitations
with regard to follow-up. These limitations, as well
as the promise of new therapies for PML, prompted
us to undertake the current investigation. Our par-
ticipation in a prospective therapeutic clinical trial
afforded us the unique opportunity to study exclu-
sively by MR imaging a sizable number of AIDS
patients (n 5 48), all with biopsy-proved PML of
the brain. We hypothesized that with this large pa-
tient cohort with pathologically proved PML we
could find MR features, such as lack of significant
cortical atrophy, that were favorable for patient sur-
vival. The identification of responders might, of
course, prove valuable in guiding future medical
therapies. Furthermore, familiarity with MR abnor-
malities characteristic of PML might facilitate non-
invasive diagnosis and follow-up.

Methods
The patient cohort for this analysis derived from a random-

ized, multicenter, open-label study, designated AIDS Clinical
Trials Group (ACTG) Protocol #243 (1). The purpose of this
protocol was to determine the efficacy of different treatment
methods for PML (ie, a nucleoside antiretroviral regimen alone
in a zidovudine and DDI combination versus in conjunction
with intravenous or intrathecal cytosine arabinoside [ARA-C]).
Thirteen ACTG sites, all with institutional review board study
approval, enrolled patients with written informed consent from
April 1994 to August 1996. These subjects, all with HIV type
I infection and all with clinical and radiologic findings com-
patible with PML, had the diagnosis of PML confirmed by
tissue obtained from stereotactic brain biopsy samples within

2 months of entry into the study. Final diagnosis was estab-
lished either by conventional neuropathologic examination of
this tissue or by in situ hybridization for JC virus or by both
(1). PCR analysis of CSF for JC virus complemented the lab-
oratory analysis in some subjects. The details of this Protocol
#243 as well as its clinical results have recently been reported
by Hall et al (1). This study, which showed no improved sur-
vival of HIV-positive patients with PML with either intrave-
nous or with intrathecal cytarabine over antiretroviral therapy
alone, was terminated early, as no ARA-C benefit was ob-
served (1). By the last analysis of the clinical investigation
(which began before the advent of HAART), 42 patients had
died (37 from PML) and only seven had completed 24 weeks
of therapy (1). While the clinical results of this Protocol #243
included data from 57 HIV-positive patients with PML, the
current radiologic analysis is based on 48 patients in whom
complete MR studies were available.

The subjects included 40 men and eight women with a mean
age of 39 years (median age, 38 years; age range, 26 to 54
years). T-helper (CD4) absolute count at baseline (n 5 39)
ranged from 4 to 420, with a median of 65 and a mean of 89.
The median survival for the 48 subjects was 11 weeks from
study entry (range, 8 to 15 weeks), with a 95% confidence
interval. Thirty-five of the 48 subjects died. Given that the
maximum time from diagnosis of PML to study entry was 2
months, their survival estimates are consistent with previous
reports of 2 to 4 months (1, 2, 7).

The pretreatment baseline noncontrast (n 5 48) and con-
trast-enhanced (n 5 45) MR images were reviewed. Follow-
up MR studies, available in 15 patients, were also analyzed.
Routinely, T1-weighted images were acquired in axial, coro-
nal, sagittal planes or both with the following parameters: 500–
750/20–26/1 (TR/TE/excitations); a section thickness of 5–7
mm; usually, a matrix of 256 3 192; and a flip angle of 908.
Proton density– and T2-weighted images, obtained in axial and
often coronal views, were acquired routinely with the follow-
ing parameters: 1900–2300/20,80/1, a flip angle of 908, a sec-
tion thickness of 5 to 7 mm, and a matrix of 200 3 256.
FLAIR and MT images occasionally complemented the routine
scans but were not required for study inclusion. No volumetric
or signal intensity measurements were made. For the contrast
studies, contrast material was administered intravenously at the
recommended doses and scanning was done immediately
thereafter.

These images, obtained from 13 different institutions using
a variety of mid- to high-field-strength magnets, were then sent
to a single neuroradiologist who analyzed them for the pres-
ence or absence of the following abnormalities: cortical atro-
phy (mild, moderate, or severe, as determined by visual in-
spection); ventricular dilatation (mild, moderate, or severe);
white matter lesions; gray matter lesions; number and size of
discrete white matter lesions; signal intensity of white matter
lesions on T1- and T2-weighted images (low intensity, isoin-
tensity, high intensity); mass effect; meningeal disease; con-
trast enhancement; and interval changes from baseline pretreat-
ment studies (better, worse, or no change; number of new
lesions; and change in size or confluence of white matter le-
sions). White matter lesions were further analyzed to determine
if they were confluent, discrete, unilateral, bilateral, supraten-
torial, or infratentorial. If supratentorial, their general location
was designated as being in the periventricular white matter,
centrum semiovale, subcortical white matter, internal capsule,
external capsule, corpus callosum, or other location. Specific
sites (frontal, temporal, parietal, occipital lobes) were also de-
termined. Infratentorial white matter lesions were characterized
as being in the brain stem (medulla, pons, midbrain), cerebellar
peduncle, or cerebellar white matter. If gray matter involve-
ment was present, its location in the thalamus, basal ganglia,
cortical gray matter, or other site was recorded. Follow-up
studies were analyzed without knowledge of the treatment arm.
All MR information was recorded on data sheets with the re-
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TABLE 1: Frequency of pretreatment MR findings in 48 HIV-
positive patients with biopsy proved PML

MR Findings Frequency (%)

Cortical atrophy 68.8
Mild 54.2
Moderate 14.6
Severe 0.0

Ventricular dilatation 50.1
Mild 43.8
Moderate 6.3
Severe 0.0

White matter lesions 100.0
Bilateral 91.7
Unilateral 8.3
Confluent 93.8
Discrete 66.7
Supratentorial 93.8

Periventricular 95.5
Centrum semiovale 93.3
Subcortical white matter 82.2
Internal capsule 35.6
External capsule 28.9
Corpus callosum 22.7

Specific lobar involvement
Parietal 93.2
Frontal 75.6
Occipital 52.3
Temporal 33.3

Infratentorial 58.3
Brain stem 89.3

Pons 92.0
Midbrain 64.0
Medulla 36.0

Middle cerebellar peduncle 64.3
Cerebellar white matter 57.1

Gray matter lesions 56.3
Thalamus 92.6
Basal ganglia 40.7
Cortical gray 25.9
Other site 3.8

Mass effect 10.4
Minimal 100.0

Contrast enhancement (n545) 2.2

Note.—patients could have more than one abnormality (eg, patients
could have both confluent and discrete lesions).

FIG 1. Signal characteristics of PML.
A and B, Axial MR studies show low-sig-

nal-intensity lesions on T1-weighted (533/
25/1) image (A) and hyperintense lesions
on T2-weighted (2000/80/1) image (B) in
the centrum semiovale bilaterally, subcor-
tical white matter, and corpus callosum.
Note the asymmetrical white matter in-
volvement, with the left cerebral hemi-
spheric white matter more severely
affected.

sults recorded in a numerical fashion. These data were then
sent to a separate site for data entry.

Statistical analyses were performed to associate the recorded
MR data with clinical data to determine characteristic MR find-
ings in PML of the brain in HIV-positive patients at baseline
and at follow-up and to determine if any of these MR findings
were predictive of patient survival. The effect of MR findings
on survival was investigated through the log-rank test (uni-
variate analyses) while multiple factors were simultaneously
considered in the Cox proportional hazards model (multivariate
analyses). General association between factors expressed as or-
dered categories (eg, severity of cortical atrophy) was assessed
via the Mantel-Haenszel test.

Results
The abnormalities and their frequency on the ini-

tial pretreatment cranial MR images in these 48
AIDS patients are summarized in Table 1. In 85%
of patients there was either no cortical atrophy or
mild cortical atrophy and in 94% there was either
no ventricular dilatation or mild ventricular dilata-
tion. White matter lesions, seen in all, were bilat-
eral in the vast majority of patients (although asym-
metrical in their severity), confluent in 94%, and
discrete in 67% (the latter including from one to
30 lesions ranging in size from 2 mm to 30 mm).
All patients had multiple lesions, of which all were
hyperintense relative to gray matter on T2-weight-
ed images and most were hypointense on T1-
weighted images (Fig 1). While there was no pa-
tient without one or more lesions that appeared
hypointense on T1-weighted images, some patients
also had lesions that were isointense. Supratentorial
white matter lesions (Fig 2B) predominated over
infratentorial involvement (Figs 2A and 3). Only
three of the 48 patients had disease isolated to the
posterior fossa. Gray matter involvement (Fig 2B),
when present, was a secondary finding. Mass ef-
fect, seen in only five patients, consisted of mini-
mal cortical sulcal effacement (Fig 4) or minimal
compression of the adjacent ventricle or both. No
contrast uptake was evident in 44 of the 45 patients
in whom contrast studies were obtained. In the sin-
gle patient in whom contrast enhancement of white
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FIG 2. Supratentorial and posterior fossa PML.
A and B, Axial T2-weighted images (3700/150/2) show involvement of the medulla (arrow, A), right temporal lobe white matter, right

thalamus, and right internal and external capsules, with mild cortical atrophy and no mass effect. Note the asymmetrical involvement of
PML, with the right cerebral hemisphere affected to a much greater degree than the left. (Note also the maxillary sinus and left mastoid
opacification.)

FIG 3. Cerebellar PML. Axial T2-weighted image (2000/80/1) shows bilateral hyperintense lesions in the cerebellar white matter (right
greater than left).

matter lesions was observed, it was slight and
punctate in appearance. No meningeal disease was
detected.

Of these MR abnormalities, the only MR finding
at baseline that correlated significantly with the risk
of death was mass effect. As indicated by a P value
of .02, there was a significant association between
mass effect and a shorter period of survival. With
regard to severity of cortical atrophy and ventric-
ular dilatation, there was no predictive value for the
risk of death. None of the other MR variables (see
Methods) correlated with patient survival either;
however, a trend was observed between increasing
number of discrete white matter lesions and in-
creasing survival rates (P 5 .08). We also noted a
trend with a twofold increase for the risk of death
if there was gray matter involvement in the basal
ganglia. When a multivariate analysis was per-
formed, grouping MR abnormalities in different
ways, no additional MR findings predictive of pa-
tient survival were discovered.

Follow-up MR studies, available in 15 subjects,
showed worsening of findings in 13 patients (Figs
4 and 5) and no significant progression of disease
in two. Table 2 summarizes these changes over an
interval ranging from 1 to 24 weeks (median, 10
weeks). A dramatic visual change in signal was
also seen with a more strikingly low signal inten-
sity in the white matter lesions on T1-weighted im-
ages in four patients as well as a greater number
of white matter lesions appearing hypointense on
T1-weighted images in any given patient. Progres-
sion of white matter abnormalities occurred in sev-
en patients in a short 9-week span, with death fol-
lowing shortly thereafter in five.

Concerning treatment arms, seven patients were
in the ARA-C intrathecal treatment arm, five in the
ARA-C IV treatment arm, and three in the antiret-
roviral treatment arm. No significant differences
were found between treatment arm and MR abnor-
malities on these follow-up studies. Furthermore,
no MR findings at follow-up were found to be pre-
dictive of patient survival.

JCV PCR measurements from CSF, available
only for the patients in the ARA-C intrathecal treat-
ment arm, were negative in eight and positive in
five. Of these 13 patients tested, 12 had periventric-
ular white matter involvement on MR images (sev-
en of whom were PCR-negative and five of whom
were PCR-positive). No significant correlations
were found between the type of MR findings and
the results of the PCR test.

Discussion
Because of the inexorable neurologic decline that

leads to coma and death in the majority of patients
with PML (2, 9–11, 21, 23, 24, 60–66), the need
to develop ways to diagnose and treat PML early
in its course has been a pressing one. This need has
been considered even more urgent in patients with
PML who are infected with HIV, since the two in-
fections appear to be synergistic (8, 35, 67, 68).
Survival rates in patients with cellular immunode-
ficiency due to causes other than HIV have typi-
cally been longer, often ranging from 9 to 18
months (2, 9, 19, 27, 41, 64). In contrast, in HIV-
infected persons, PML has been reported to have a
more aggressive course (13, 35, 67). Not only has
the prevalence of PML risen since the advent of
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FIG 4. Marked progression of PML documented by serial MR studies.
A and B, Axial T2-weighted images (3500/95/1) show the right frontal lobe confluent hyperintense signal abnormalities extending from

the periventricular white matter to the subcortical white matter, with much milder white matter involvement in the right parietal lobe and
minimal involvement of the left cerebral hemisphere.

C, Axial T1-weighted image (600/15/1) shows corresponding low signal abnormalities in the affected white matter on the right as well
as minimal mass effect on cortical sulci.

D–F, Eight weeks later, marked progression of disease is evident with extension and increasing confluence of the right frontal and
parietal lobe lesions, corpus callosum involvement, and greater involvement of the left cerebral hemisphere. Also seen is an increase
in white matter low signal abnormality on axial T1-weighted image (600/15/1). Patient died 7 days after this study. (Biopsy tract is also
evident in the right cerebral hemisphere.)

AIDS but the number of patients succumbing to
PML in a shorter time span has increased (5, 7, 22,
35, 69, 70), with the median survival being only
2½ to 4 months (1, 2, 7, 69). While reports of pro-
longed survival, both spontaneously and in con-
junction with a variety of medical therapies, have
been recorded (12–19, 21, 23, 25, 46, 71–74), sub-
sequent studies have shown the inefficacy of many
of these regimens (14). Nevertheless, with the in-
troduction of HAART, and with its use now stan-
dard in the United States since 1996, the suggestion
that AIDS patients with PML may live longer has
recently been made, although it has yet to be ex-
tensively documented.

As part of the search for ways to predict longer
patient survival and to aid in future noninvasive
diagnosis and treatment algorithms, we undertook
our current study. We hypothesized that if certain

MR features were found that favored a delay in
death, we could also search in these patients for
corollary clinical and laboratory data favorable to
prolonged survival. Tailoring of therapies based on
any positive predictors of survival might then
prove rewarding. Unfortunately, no MR findings
significantly correlated in our study with the risk
of death, save for mass effect, which was infre-
quent and always slight and, therefore, practically
speaking, of little use. None of the MR variables,
such as location and size of lesions, number or type
of lesions, or atrophy, predicted a delay in death
either on baseline or on follow-up studies. Surpris-
ing to us and negating one of our original suppo-
sitions, the finding of more marked cortical or deep
atrophy at baseline did not correlate with a short-
ened life span. As for the trend toward a longer
patient survival with an increasing number of dis-
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FIG 5. PML progression.
A–D, Axial T2-weighted images before

(3700/150/2) (A and B) and at 4½-month
follow-up (2500/96/1) (C and D) show
worsening of PML as evidenced by in-
creasing cortical atrophy and ventricular
dilatation, as well as by further extension
of bilateral white matter disease.

crete lesions, it most likely can be explained by the
fact that with disease progression white matter le-
sions coalesce and appear more confluent. While
these negative results are obviously disappointing,
they are not unexpected, given the ineffectiveness
of cytarabine now shown by this clinical trial
(ACTG Protocol #243) and given the fact that the
study began before the advent of HAART, which
bolsters the immune system (36–39, 74). Armed
with the knowledge that the majority of patients
lived only a short time from study entry, it does
not seem surprising that MR abnormalities were
not predictive of a delay in death either on baseline
or on follow-up studies.

Of definite benefit, however, is the MR imaging
evidence of the natural history of this infection that
our investigation incidentally produced. Since none
of the three different drug regimens appeared to
influence patient survival (1) or MR findings, our
MR results can serve as a valuable reference or
database for future noninvasive diagnosis and for

clinical trials. The most commonly found MR ab-
normalities in our HIV patients with pathologically
proved PML might be used in future studies to di-
agnose PML noninvasively when combined with
JCV PCR CSF testing. With positive JCV PCR
CSF results and MR findings characteristic of
PML, brain biopsy might be avoided in many
AIDS patients. The high specificity (95.8% accord-
ing to Fong et al and 92% according to McGuire
et al) (31, 32) of a positive JCV PCR CSF result
for PML makes the avoidance of a brain biopsy
reasonable when combined with supportive clinical
and MR data. Such a course of action is, in fact,
now being used in a new ACTG Protocol #363,
which is a safety tolerance trial for cidofovir in
AIDS patients with PML. Such less-invasive ap-
proaches have also been suggested by other inves-
tigators (19, 31–33, 35, 50), with brain biopsy be-
ing reserved for atypical cases (33). This
less-invasive workup seems especially appealing in
light of the ongoing refinements in JCV PCR CSF
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TABLE 2: Changes on follow-up MR studies in 15 HIV-positive
patients with PML on treatment

MR Findings
No. of
Patients

Worsening of MR findings 13
Cortical atrophy 11

None to mild 3
None to moderate 2
Mild to moderate 4
Moderate to severe 2

Ventricular dilatation 8
None to mild 4
Mild to moderate 4

Parenchymal lesion progression 11
New sites of involvement 11

Corpus callosum 5
Gray matter 4
Posterior fossa 4
Opposite cerebral hemisphere 3
Subcortical white matter 1
Periventricular white matter 1
External capsule 1

Increasing size and confluence of white matter lesion 10
Development of mild mass effect 1
No significant disease progression 2

testing, which, it is hoped, will improve the test’s
sensitivity. Fong et al (32) reported a sensitivity of
74%; Weber et al (29), 82%. A higher sensitivity
(92%) was noted by McGuire et al (31), although
only eight of their 26 patients had biopsy proof of
diagnosis. Limitations to this test were also found
in our study: eight of 13 patients with biopsy-
proved PML had negative JCV PCR CSF results.
Nevertheless, despite these limitations, we agree
with McGuire et al that the low likelihood of a
false-positive result coupled with the clinical desire
to avoid brain biopsy makes the use of this PCR
test, when complemented by imaging findings, very
attractive. Further test improvements will make
such a less-invasive workup even more compelling.

We found that on pretreatment initial MR stud-
ies, cortical atrophy and ventricular dilatation were
not predominant features of PML. While the infre-
quent finding of moderate or severe cortical or deep
atrophy on pretreatment MR images has not been
dwelt on in the imaging literature, it has been
pointed out in neuropathologic reports (8, 11, 75).
On macroscopic examination before sectioning, the
brain in patients with PML shows either no abnor-
malities or only minimal atrophy (8, 75). This lack
of significant cortical or deep atrophy is important,
since it can be used as one of the differentiating
features from HIV encephalitis on imaging studies.
HIV encephalitis, one of the leading diagnostic
possibilities in the differential diagnosis of non–
mass-producing nonenhancing white matter lesions
in the brain of AIDS patients, is typically associ-
ated in encephalopathic patients with a significant
degree of cortical and deep atrophy (76–79).

An essential feature of PML, because of the tar-
geting of the oligodendrocytes by the JC papova-

virus, is that white matter lesions are typically bi-
lateral (although asymmetrical in their degree of
involvement), confluent, and multiple. These im-
aging findings are key diagnostic aides, since they
can be used to differentiate PML from HIV en-
cephalitis (8, 12, 14, 41, 42, 48, 50). Possibly be-
cause HIV induces a secondary demyelination and
does not directly target the oligodendrocytes, the
white matter changes in HIV encephalitis are usu-
ally symmetrical and diffuse.

Concerning the location of white matter lesions
in PML, the periventricular white matter, centrum
semiovale, and subcortical white matter were all
commonly affected. White matter lesions in PML
have been reported to start subcortically, the site of
highest blood flow, and then to extend into the deep
white matter (35, 41). This subcortical location has
been highlighted in the literature and has been tout-
ed as an important differentiating feature between
PML and HIV encephalitis (22, 35, 40, 42, 46, 50).
The scalloping has been attributed to U fiber in-
volvement at the gray/white matter interface of the
cerebral cortex. Although the subcortical white
matter was also affected in the majority of our pa-
tients and did appear scalloped, the higher preva-
lence of periventricular white matter involvement
remains unexplained.

While a posterior location has been used as an
imaging sign favorable to the diagnosis of PML,
particularly when lesions have been observed in the
occipital or parietal lobes, such a location has not
been deemed pathognomonic of PML (40–42, 44,
47, 80). Other sites, either alone or in conjunction
with posterior lesions, have been reported (15, 16,
40–42, 44, 47, 48). Our study showed that the JC
papovavirus commonly infects the frontal lobe, a
result worthy of emphasis, since it appears to be a
new finding. The parietal lobe, however, remains
the most commonly involved by PML in the HIV-
positive patient. Our series also showed a higher
prevalence of cerebellar, brain stem, and gray mat-
ter involvement than previously reported (42, 47,
67, 81), most likely because of our use of MR im-
aging rather than CT.

In our study, mass effect was infrequent and al-
ways minimal, but it did correlate with shorter sur-
vival. This lack of significant mass effect has been
noted as an important differentiating feature in
PML (2, 4, 7, 22, 40, 42, 82, 83). Marked mass
effect suggests alternative diagnoses. Similarly, the
finding of robust contrast enhancement favors other
pathologic processes, since PML lesions typically
do not enhance, as evidenced by our study and oth-
ers (2, 7, 14–16, 30, 41, 43, 44, 46, 50, 84, 85).
Contrast enhancement, however, especially when
faint and peripheral, does not exclude a PML di-
agnosis (13, 22, 40, 44, 45, 47, 86). Recently, in
fact, contrast enhancement has been considered by
Berger et al (71) to be one of the factors predictive
of prolonged survival in AIDS patients with PML,
along with higher CD4 counts, possibly due to the
patient’s ability to mount a better response via an
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intensification of the inflammatory response around
the lesions (10, 22, 23). Our study neither confirms
nor refutes the value of contrast enhancement as a
favorable prognostic sign; but with the advent of
HAART, it may be worthy of further exploration.

Concerning the signal abnormalities on T1- and
T2-weighted images, low signal intensity on T1-
weighted images and hyperintense signal on T2-
weighted images typified PML in our patients and
those reported in the literature (7, 22, 25, 30, 41,
42, 44, 50). The low signal on T1-weighted images
has been thought to be a differentiating factor from
HIV encephalitis (47, 50). These typical signal ab-
normalities on T1- and T2-weighted images with
PML have generally been attributed to demyelina-
tion (25, 41, 43). Edema as an explanation for the
high signal change on T2-weighted images has
been reserved as an explanation for those patients
whose MR studies have rapidly worsened with
changes in treatment regimens, while a decrease in
interstitial water or possibly even a remyelination
has been used to explain MR imaging improve-
ments with medical therapy (12, 15, 38). The sem-
inal work of Armand et al (53) and Dousset et al
(54) with MT imaging in AIDS patients with PML
gives strong credence to the supposition that the
majority of signal abnormalities are due to demy-
elination. This may also explain why in the major-
ity of our patients with follow-up MR studies, a
further decrease in signal intensity was observed in
lesions already hypointense on initial T1-weighted
images and why some lesions previously isointense
on T1-weighted images became hypointense at fol-
low-up. A greater degree of myelin destruction
would certainly explain this incremental lowering
of signal intensity on T1-weighted images and
would correlate with the progressive decrease in
MT contrast values noted in the PML patients be-
ing followed up by Dousset et al (54). Increasing
demyelination culminating in more extensive areas
of destruction and more strikingly hypointense le-
sions may well correspond to a greater degree of
necrosis. Corollary work with proton MR spectros-
copy appears to support these theories, as choline,
a marker of cellular membrane integrity, is elevated
in PML patients, most likely because of cell mem-
brane and myelin breakdown (57, 59).

Concerning follow-up MR studies, since the
mean survival rate was only 2½ months in our 48
AIDS patients, it is understandable that 13 of the
15 follow-up studies showed progression of disease
and that no MR finding, even on follow-up studies,
was found predictive of prolonged survival. Not
fully appreciated heretofore, however, has been the
impact that conventional MR imaging can have on
patient follow-up. Our study shows that serial MR
images can depict progression of disease within 1
to 24 weeks, including a more rapid change in
many patients in just 9 weeks. This suggests that
increasing severity of cortical and deep atrophy, in-
creasing confluence and extent of white matter le-
sions, spread of disease across the corpus callosum,

and increasing hypoattenuation of T1-weighted im-
ages in white matter lesions can be used, if persis-
tent, as indicators of a poor prognosis. The pres-
ence of generalized atrophy in the late stages of
PML may well relate to white matter loss and gli-
osis, as previously suggested on CT scans (11, 81),
while other changes may relate to direct extension
of PML lesions (7, 11, 14, 16, 18, 21, 40, 44, 81).
Well-demarcated low-signal-intensity lesions on
T1-weighted images in patients with PML appear
to indicate a very aggressive and severe stage of
infection. In future investigations, findings such as
increasing hypoattenuation of PML lesions on T1-
weighted images might be used as a sign of disease
progression, which might then prompt changes in
medical therapy.

Follow-up studies might, of course, also be used
to document the benefit of a particular therapy. Sta-
bilization of MR findings, a decrease in the size of
lesions, and lesion resolution have all been used in
the past to suggest the effectiveness of different
medical therapies for PML (12, 18, 19, 21, 25, 38).
In some cases, MR improvement has lagged behind
clinical improvement by 2 to 6 months, and a tem-
porary worsening of abnormalities has even been
noted, followed only later by a better MR appear-
ance (12, 15). Most recently, improvement on MR
studies has been used along with clinical improve-
ment and a loss of detection of JC virus on PCR
CSF testing to indicate an improved prognosis in
patients being treated with cidofovir (87). In yet
another recent report, serial MR images have been
used to show stabilization in one patient and de-
creased PML lesional size in another patient being
treated with HAART and acyclovir therapy (88). In
a recent abstract, the positive impact of HAART
therapy was noted: improved survival was seen in
patients with PML whose most recent viral load
after therapy was below the baseline (31). None-
theless, the response in patients with PML on
HAART therapy has not always been deemed ben-
eficial (89), and further investigations of the impact
of HAART are needed. The results of our study
clearly indicate that conventional MR imaging can
be used to detect progression of PML in an early
enough time frame to effect a change in medical
management. Combined with worsening of JCV
PCR CSF results and progressive clinical disease,
MR findings might be used as a marker for re-
sponse to therapy in future clinical trials. We be-
lieve that the addition of other noninvasive tech-
niques, such as proton MR spectroscopy and MT
contrast ratios, to this type of treatment monitoring
and serial assessments of viral load will only give
further impetus to this noninvasive approach. Since
a noninvasive approach can never reach the diag-
nostic accuracy of a tissue diagnosis, reliance on
complementary studies, given the clinical reality of
the situation, only seems reasonable and practical.

Conclusion
While our series did not uncover any MR find-

ings predictive of patient survival in PML, our in-
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vestigation did reveal MR abnormalities that might
be useful to patient management both in initial non-
invasive diagnosis and in follow-up. MR findings
in PML do evolve quickly and might be useful as
intermediate end points in drug trials. With the op-
timism generated by HAART and other new drug
regimens, we can look forward to future investi-
gations that might be able to identify prognostic
MR indicators of prolonged survival in this here-
tofore fulminating infection.
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