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In the past few years we have witnessed significant advances in understanding the pathogenesis
of HIV. This progress has led to successful therapy for many HIV-infected patients. In the
United States the morbidity and mortality due to HIV has declined substantially. The number of
AIDS cases declined from 68,505 in 1995 to 46,400 in 1999, while the death rate decreased from
49,456 to 10,122 over the same period [1] . Much of the recent progress is attributable to highly
active antiretroviral therapy (HAART), which consists of several drugs used in combination.
Due in part to the recent therapeutic advances the prevalence of AIDS has actually increased in
the past few years, since the number of people diagnosed with HIV and AIDS annually exceeds
the number of deaths. As patients live longer with this disease it is likely that they will continue
to be at risk for experiencing complications.

The nervous system is an important target of HIV. The prevalence of neurologic disease in
symptomatic HIV-infected patients has been estimated to be 39-70% [2-5] . Approximately 7-
20% of patients with AIDS will initially present with a neurologic complication [3, 4] . In post-
mortem studies from the pre-HAART era the incidence of neurological abnormalities ranged
from 62-90% [2, 5-7] . A recent study demonstrated that central nervous system (CNS) disease
remains an important complication in patients with HIV. In a review of 390 autopsies of AIDS
patients, pathology was found in 63% of brains, which made the brain the second most
commonly involved organ after the lung [6] .

Direct effects HIV on the Central Nervous System (CNS)

HIV is a neurotropic virus which affects the CNS at the earliest stages of infection. Patients may
present clinically with aseptic meningitis during the acute retroviral syndrome, a flu-like illness
which is the earliest clinical manifestation of HIV. This initial infection with HIV which is
characterized by widespread viremia also leads to seeding of the central nervous system. It
appears that the virus is able to cross the blood brain barrier by infecting monocytes, which
readily traffic in the CNS.

NEUROLOGICAL COMPLICATIONS OF HIV
Primary Processes Secondary Processes
HIV dementia Toxoplasmosis
Vacuolar Myelopathy PML
Cerebrovascular disease Primary CNS lymphoma
Inflammatory demyelinating polyneuropathy Cryptococcus neoformans
Aseptic meningitis Cytomegalovirus Encephalitis
Distal symmetrical polyneuropathy Tuberculous meningitis
Mononeuritis multiplex Neurosyphilis
Myopathy Nocardia
Aspergillus
CMV Polyradiculopathy

Any part of the nervous system may be affected by HIV including the brain, spinal cord and
peripheral nervous system (Table ). Both primary and secondary complications occur. Primary
complications are those caused by HIV itself, while secondary complications are those
opportunistic processes (infections and malignancies) which occur as a consequence of the
immunosuppression caused by HIV. Primary processes include HIV dementia, myelopathy,

-1-



distal sensory polyneuropathy and myopathy. Secondary processes include infections such as
toxoplasmosis, cryptococcus, JC virus and cytomegalovirus as well as malignancies (primary
CNS lymphoma). In terms of frequency. the most common process involving the brain at post-
mortem is HIV, followed by cytomegalevirus (CMV), Non-Hodgkin’s Lymphoma (NHL) fungi,
progressive multifocal leukoencephalopathy (PML) and toxoplasmosis [6] . This review will
focus on secondary CNS complications.

It was recognized in the early part of the HIV epidemic that diagnosing focal CNS
manifestations was difficult with non-invasive methods, since different processes may appear
similar on neuroimaging studies and most agents cannot be cultured with conventional
techniques. Recently, several new techniques have been developed which have led to improved
diagnostic accuracy if the focal CNS manifestations of AIDS. These tests include the
polymerase chain reaction (PCR) and functional neuroimaging studies.

In the past several years use of DNA amplification techniques, e.g. the polymerase chain reaction
(PCR), has revolutionized clinical microbiology and clinical infectious diseases. Organisms
which previously were either not able to be cultivated or were able to cultured only with very
sophisticated and laborious techniques can now be identified promptly with this new technology.
Through PCR techniques tiny quantities of virus (or other organisms) can be amplified greatly,
thus allowing detection of the organism. PCR has been especially useful in the diagnosis of CNS
focal disease in HIV-infected individuals.

SECONDARY CNS PROCESSES
Focal CNS Lesions

Toxoplasmosis- Toxoplasma gondii, an intracellular parasite, has traditionally been the most
common etiology of focal CNS disease in patients with AIDS [4, 8] . The parasite has been
found in the brain of 2.5-13% of patients at autopsy [5-7] . However, due to the widespread use
of prophylaxis for toxoplasmosis combined with the lack of effective prophylactic therapy for
other causes of focal brain lesions, e.g. lymphoma and PML, the relative incidence of
toxoplasmosis may be declining. In one study, the incidence of T. gondii as a cause of focal
brain lesions decreased from 72% in 1991 to 19% in 1996 [9] .

Life cycle- The life cycle of toxoplasmosis is complex. The parasite can undergo both sexual and
asexual reproduction in the cat, the definitive host. Man is an intermediate host. Cats become
infected after ingestion of either oocysts from contaminated food or water, or ingestion of tissue
cysts from the tissues of intermediate hosts. In the cat intestine the infective stages (bradyzoites
from tissue cysts and sporozoites from oocysts) are liberated and spread to other organs. Oocysts
may also be produced in the cat intestine where they are shed in feces, thereby completing the
life cycle. Humans and other intermediate hosts are infected by ingesting oocysts in infected soil
or in cat litter. The asexual stage takes place in both cats and intermediate hosts and occurs
when tachyzoites (formed from sporozoites or bradyzoites) invade the bloodstream and
disseminate to other organs including muscle, lymphatics, liver, spleen and the brain. Tissue
cysts are formed in host tissues by tachyzoites. The tissue cyst forms of the parasite persist for
life in the host. Animals including humans may also become infected by ingesting meat (pork
and lamb) containing tissue cysts, which release tachyzoites in the intestine [10, 11] .
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Following the initial infection, the
immune system is activated and
controls the acute infection. Unless,
host immunosuppression occurs
subsequently, the patient remains
without any signs or symptoms of
disease. The risk of toxoplasmosis
correlates with CD4 cell count. Most
patients (over 80%) who develop
disease have a CD4 cell count less
than 100 cells/uL [11, 12] . The
median CD4 cell count has ranged
from 34-50 cells/uL in most studies
[12-14].

The incidence of toxoplasmosis in
AIDS patients varies by country due

Toxoplasma gondii life cycle

to the varied seroprevalence of toxoplamsosis in different regions of the world and among
different socioeconomic groups. In the United States the seroprevalence varies from 3-30%,
while in France 73-90% of the population is infected [13] . Approximately 10-40% of HIV-
infected adults in the U.S. had antibodies to T. gondii in one study [11] . Studies from the pre-
HAART era, estimated that approximately 5-47% of latently infected individuals would develop
CNS toxoplasmosis [10, 11, 13] . Current estimates are lower due to the widespread use of
prophylaxis and the effects of HAART.

Pathology- Lesions of toxoplasmosis begin as a focus of encephalitis which progress to
parenchymal abscesses with necrosis and surrounding inflammation. Tachyzoites are usually
located at the periphery of the lesions. Lesions may be unifocal or multifocal and can vary in
size from microscopic to quite large. While any part of the brain can be involved, lesions are
most commonly located in the parietal or frontal lobes, at the corticomedullary junction, basal
ganglia, thalamus and pituitary gland [13, 15, 16] . Both the gray and white matter can be
involved. Rarely, spinal cord disease occurs [17] .

Clinical Manifestations- Typically patients have a subacute presentation over several weeks,
although an acute presentation can sometimes occur. Most of the clinical manifestations arise
from focal parenchymal involvement of the brain. The most common presenting signs and
symptoms are headache (49-55%), fever (41-47%), pyschomotor or behavioral changes (37-
38%), confusion (15-52%), lethargy (12-43%), hemiparesis (39-49%), seizures (24-29%), ataxia
(30%) and cranial nerve palsies (17-28%) [12, 13] . Meningeal signs are uncommon. Up to 10%
of patients may present with a diffuse encephalitis without any visible focal lesions [16] .
Although the disease can affect other organ systems including the retina, heart, lung and
gastrointestinal tract, symptoms of disease outside the CNS are uncommon.
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Neuroradiology- The typical CT and MRI findings in toxoplasmosis are two or more ring
enhancing lesions in the cerebrum and/or the basal ganglia with surrounding edema. However,
radiographic findings can be variable; studies have revealed that up to 27-43% of patients have a
single lesion on imaging studies [12-14, 18] . As noted above, lesions are often located at the
corticomedullary junction and the basal ganglia. Small areas of hemorrhage can be seen in some
lesions. On T1 weighted MRI the lesions appear as focal areas of low signal instensity, which
enhance (usually ring enhancing) with gadolinium. T2 weighted MRI lesions are relatively high
signal. Occasional lesions will not enhance with contrast [13] . Magnetic resonance imaging
(MRI) is more sensitive than CT and will often detect more lesions. Treated lesions may have
calcifications.

Standard cerebrospinal fluid tests are rarely diagnostic, since the findings in patients with
toxoplasmosis are non-specific. CSF may reveal elevated protein, mild lymphocytic pleocytosis
and occassionally hypoglycoracchia, but is often normal [13] .

Reflecting the fact that in AIDS patients toxoplasmosis is due to reactivation, most patients with
CNS toxoplasmosis have serological evidence of infection. A number of methods have been
used to show evidence of infection with T. gondii. The gold standard is the Sabin-Feldman dye
test, but the test is limited by the fact that it is cumbersome and not readily available. Indirect
fluorescent antibody (IFA) and ELISA are the tests most commonly used by clinical laboratories.

Since infection with 7. gondii is widespread, a positive serology is not very helpful
diagnostically. However, most studies have demonstrated a high negative predictive value of
serum IgG antibodies, since less than 3-6% of patients with toxoplasmosis will have negative
Toxoplasma serology [19-22] . A few studies have suggested higher rates of seronegativity in
AIDS patients with confirmed toxoplasmosis (up to 17%) [12, 15, 23] . Reasons for the
discrepancies among the studies may include the different methods used to measure antibodies,
and the fact that some studies reported clinical diagnoses of toxoplasmosis rather than a
patholically confirmed diagnosis. In addition, occasionally in AIDS patients with CNS
toxoplasmosis, serum titers may wane with advanced immunosuppression. Although CNS
toxoplasmosis occurs due to reactivation, a significant rise in antibody titers is uncommon. The
value of intrathecal antibodies against 7. gondii is debatable. One study suggested a high
specificity but a sensitivity of only 69% [24] . CSF antibodies may be negative in patients with
positive serum serology and proven toxoplasmosis [25] .

PCR for T. gondii DNA of spinal fluid has been disappointing to date. In general the test has had
a reasonable specificity of 96-100% but a low sensitivity of about 50% [26-29] . Similarly, PCR
for T. gondii DNA in blood has not been useful [30] . Thus, PCR for T. gondii has not been
adopted for use in most clinical situations.

Diagnosis- While certain clinical and radiographic findings (e.g. positive toxoplasma serology,
lack of toxoplasma prophylaxis, multiple lesions versus a single lesion, etc) may favor a
diagnosis of toxoplasmosis over CNS lymphoma and occasionally other processes, the
presentation of these entities overlaps significantly. Thus, more definitive criteria are required to
establish a diagnosis. The definitive diagnosis of toxoplasmosis requires a brain biopsy with the
demonstration of tachyzoites. However, in practice most patients with AIDS and multiple ring
enhancing lesions who have a positive serum Toxoplasma serology are treated empirically. Most

A4-



patients will respond promptly to appropriate therapy. Of patients who eventually improve, 86%
will show clinical improvement by day 7 and 95% of patients on appropriate therapy will show
radiographic improvement by day -14 [12, 14] . If no improvement is seen by two weeks then
alternative diagnoses should be considered as discussed below.

Treatment- Treatment of toxoplasmosis in AIDS with standard medications is successful in over
70-85% of patients [12-14, 31, 32] . The treatment of choice for toxoplasmic encephalitis is the
combination of pyrimethamine plus sulfadiazine, which act by inhibiting two enzymes involved
in folate metabolism, dihydrofolate reductase and tetrahydrofolate synthetase, respectively [14,
23, 33] . Folinic acid is added to prevent bone marrow toxicity due to pyrimethamine, since it
can be used by eukaryotic cells by not by T. gondii. In the pre-HAART era, median survival
with treatment was approximately 10 months [13] . Unfortunately, HIV-infected patients have a
high incidence of sulfa allergy and may not be able to tolerate sulfadiazine. Several randomized
controlled trials have demonstrated that pyrimethamine plus clindamycin is a reasonable
alternate regimen which is better tolerated; however, it may be somewhat less efficacious [13,
31, 32] . Alternative medications for which there is either anecdotal evidence of efficacy or
theoretical potential for patients intolerant of one of the above regiments include azithromycin,
clarithromycin, atovaquone, trimetrexate or dapsone [34-38] . Many authorities would use one
of these medications in combination with pyrimethamine.

Induction therapy is generallly given for six weeks. Maintenance therapy is necessary with
lower doses of same regimen used in induction therapy. In patients who experience excellent
virological and immunological response to HAART there is accumulating evidence that
maintenance therapy can eventually be discontinued with little or no risk of relapse [39] .

Primary CNS lymphoma

Non-Hodgkins Lymphoma (NHL) is the second most common AIDS related malignancy [6] .
The incidence of NHL in AIDS is increased approximately 100 fold compared to the general
population [40] . Primary CNS lymphoma accounts for about 10-20% of all HIV related NHL
and is up to 3600 fold more common in patients with AIDS than in the general population [41,
42] . In studies from the early years of the AIDS epidemic approximately 4-7% of patients with
neurological complaints were diagnosed with primary CNS lymphoma [4, 43] while the rate of
primary CNS lymphoma at post-mortem was reported to be 0.6-5.0% [5, 7, 41] .

In most series, primary CNS lymphoma is the second most common cause of focal brain disease
in patients with AIDS. One study showed a trend towards increasing incidence of primary CNS
lymphoma in AIDS patients with focal brain lesions from 1991 to 1996 [9] . Some studies have
suggested that NHL has not decreased with HAART to the same extent as other AIDS related
conditions [44] . The reasons for this are not clear.

Pathology- Lesions usually occur supratentorially and are often multicentric but solitary lesions
occur in one third to one half of cases [45-48] . Almost all are of high grade, B-cell phenotype
and are very aggressive. The most common histology is either large-cell, immunoblastic or
small, non-cleaved cell [47, 48] . Lesions are characterized by perivascular involvement, high
mitotic rates and variable amounts of necrosis. Disease outside the CNS is distinctly uncommon.



Pathophysiology- Evidence of Eptsein-Barr virus (EBV) can be found in nearly 100% of AIDS
related primary CNS lymphomas, while about 50% of lymphomas outside the CNS are
associated with EBV [46, 49] . The EBV genome is incorporated into the genome of the
lymphoma cells. However, the precise role of EBV in the pathogenesis is controversial. It is
known that EBV can transform B cells in vitro and it is postulated that it contributes to
neoplastic transformation in the setting of the uncontrolled B cell stimulation and proliferation
which occurs due to the severe immune dysregulation of late stage HIV [49, 50] . The depletion
of EBV specific CD8+ T-cells, which occurs in late stage AIDS likely contributes by allowing
increases in EBV replication. In addition, the central nervous system may be an
immunologically privileged site which is not subject to the same immune surveillance as the rest
of the body. Mutations in tumor suppressor genes such as p53 and others may also play a role
[45,49] .

Diagnosis-This is a late manifestation of HIV and usually occurs at very low CD4 counts (< 50)
[47, 511 . Compared to AIDS patients with systemic NHL, patients with primary CNS
lymphoma have significantly lower CD4 cell counts. Patients frequently have other
manifestations of AIDS at the time of diagnosis and often have a poor functional status [52, 53] .
In one study of 55 patients with primary CNS lymphoma three-fourths of patients had prior
opportunistic infections [48] .

The most common signs and symptoms of primary CNS include altered mental status (confusion,
memory loss, lethargy) in 48-60% of cases, hemiparesis, dysphasia or sensory findings in 31-
78%, seizures in 15-41%, cranial nerve findings in 10-18%, and headache 5-45% [46-48, 52, 53]
. The majority of patients have B symptoms at the time of presentation, although it is not clear
whether these symptoms are related to the lymphoma or concomitant opportunistic infections.
The mean duration of symptoms prior to diagnosis has been reported to be between 22 and 54
days [47, 54, 55] , which is shorter than for non-AIDS patients with CNS lymphoma. CNS
disease can also occur in patients with systemic NHL. However, the usual CNS presentation is
leptomeningeal involvement, rather than parenchymal disease.

Neuroimaging- CT or MRI will show a single or multiple hypodense lesions, which enhance
with contrast (usually homogenous enhancement but sometimes ring enhancement), and exhibit
mass effect with surrounding edema [9, 47] . Lesions which do not appear on CT may be
apparent on the more sensitive MRI. Lesions are located in the cerebrum, basal ganglia,
cerebellum, and occassionally brainstem. Involvement of the corpus callosum may also be seen.
Location of lesions adjacent to CSF pathways, e.g. periventricular or meningeal as well as
subependymal spread of lesions are characteristic findings.

Evaluation of CSF is usually not helpful except to exclude other diagnoses. The CSF findings
often include elevated protein and mild pleocytosis with a mononuclear cell predominance, but
these findings are not specific [53] . CSF cytology is diagnostic in about 10-30% of NHL in
non-AIDS patients, but has lower sensitivity in AIDS patients [47, 53] .

Role of PCR- The fact that primary CNS lymphomas are universally associated with EBV has
resulted in a useful diagnostic test. Several studies have shown promise for CSF EBV PCR for
diagnosis [56, 57] . Both Cinque et al, and Weber et al, recently reviewed this topic and found
that the sensitivity of CSF EBV PCR ranged from 50-100% and the specificity from 94-100%
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[27, 58] . However, the majority of studies demonstrated a sensitivity of greater than 80% [57] .
In addition, the test appears to have a high positive and negative predictive value. In some
patients EBV DNA has been detected in spinal fluid prior to radiographic evidence of
lymphoma. Unfortunately, spinal fluid can not be safely obtained in all patients (e.g. those with
significant mass effect), which prevents its universal utility. EBV PCR has quickly evolved to
the point where it is considered standard of care in patients with focal enhancing CNS lesiions.

Recently, a small study suggested a role for following quantitative EBV DNA levels in the spinal
fluid. In this study in which nine patients were treated for primary CNS lymphoma with
chemotherapy and whole brain radiation, changes in EBV DNA burden correlated with response
to therapy. Survival time was doubled in patients with at least a one log reduction in EBV DNA
[59].

Treatment- In the pre-HAART era the median survival for untreated patients with primary CNS
lymphoma was 1-2.5 months [42, 47, 54, 55] . Tumor resection has not been shown to improve
prognosis. Furthermore, since most often the tumor is multifocal complete surgical resection is
usually not possible.

Cranial whole brain radiation (usual dose of 2000-4500 cGy) is effective in 50-75% of patients
in shrinking the tumor and in improving symptoms; however, most studies have only
documented a median survival benefit of 1-3 months [47, 48, 51, 52, 54, 55, 60, 61] . In most of
these studies, patients died from other causes related to their severe immunosuppression [53, 55]
. Karnofsky performance status has been shown to correlate with outcome [55] .

Chemotherapy has been disappointing in the past, but now with better treatment for HIV,
chemotherapy may be a consideration in the future. A small uncontrolled study suggested a
benefit from intravenous methotrexate and corticosteroids [62] . However, this study was
confounded by the use of HAART in most of the patients. Combination therapy may also be
beneficial. In a recent study in which patients with good prognostic criteria were selected to
receive both radiation and chemotherapy the median survival was 13 months, compared to 4
months for those treated with radiation alone [52] .

The role of HAART in the treatment of primary CNS lymphoma is not clear. Other
malignancies, most notably Kaposi’s sarcoma have been shown to regress on HAART and it is
likely that primary CNS lymphoma may also. There is a single case report [63] and one small
series which suggested a longer survival among patients who received a protease inhibitor
compared to those who did not [62] .

Recently a novel approach was reported in which patients with primary CNS lymphoma were
treated with zidovudine, ganciclovir and interleukin 2. The rationale for this regimen is the
finding that ZDV has been shown to induce apoptosis in an EBV-positive B-cell lymphoma line;
IL-2 has been shown to result in immunorestoration with increased CD4 cell counts and
ganciclovir may have activity versus EBV. Four of five patients responded to this regimen [64] .
However, these patients also received HAART and it is not clear whether the prolonged survival
was due to the treatment regimen or the antiretroviral therapy. It is hoped that earlier diagnosis
of primary CNS lymphoma may lead to better outcomes since under current management



algorithms therapy is often delayed for 2 for 4 weeks while patients are treated empirically for
toxoplasmosis.

Progressive Multifocal Leukoencephalopathy (PML)

PML is characterized by demyelinating lesions in the central nervous system. Prior to the advent
of AIDS, PML was a rare disorder, occurring occasionally in immunosuppressed due to
hematologic malignancies or other disorders. Since the early 1980s the majority of cases have
occurred in patients with HIV with an overall prevalence in AIDS patients of 0.9-1.8% [4, 65] .
PML is found in 2.4-5.3% of AIDS patients at postmortem [5-7, 65, 66] and approximately 18%
of HIV-infected patients with central nervous system disease [57] .

Pathogenesis- PML is caused by the JC virus (JCV), a double-stranded DNA containing
papovavirus in the genus polyomavirus. This virus infects up to 90% of the population and is
usually acquired in childhood or early adulthood. Primary infection is usually asymptomatic.
The virus remains latent in lymphocytes in lymphoid tissue and probably the kidney. 5-10% of
the population excretes JCV in the urine [66] and virus can be detected in 2.3% of HIV-negative
blood donors without evidence of disease [67] . The virus can be activated during periods of
immune suppression and enter the bloodstream. The inflammation resulting from HIV infection
of the CNS may allow JCV entry into the CNS [66] . Circulating lymphocytes may be able to
cross the blood-brain barrier and pass infection to astrocytes at the border of blood vessels [68] .

PML is a late manifestion of HIV which presents in patients with low CD4 cells counts [69-72] .
The median CD4 cell count has ranged from 35-104 cells/uL in published studies [71-78] .
However a subset of patients (7-25%) have had CD4 cell counts > 200 cells/pL [65, 69, 70, 72,
77] . In addition to the effects of the immunosuppression of AIDS, there may be additional
factors which result in a relatively high incidence of PML in AIDS patients compared to other
immunosuppressed populations. Studies suggest an interaction occurs between HIV and JCV.
The JCV T protein (responsible for initiation of viral DNA replication and transcription of the
viral capsid proteins) can transactivate the HIV long terminal repeat (LTR). In addition, HIV rat
can increase transcription from the JCV regulatory region.

Pathology- The characteristic findings are multifocal demyelination, hyperchromatic enlarged
nuclei of oligodendrocytes, and enlarged bizarre astrocytes with lobulated hyperchromatic
nuclei. Virions can be seen as inclusions in oligodendroglial cells, which are the primary site of
infection [66, 68, 79] . Immunohistochemistry, in situ hybridization, or electron microscopy can
be used to demonstrate the virions. Demyelinating lesions can occur in any part of the white
matter, but occur most commonly in the frontal, parietal and occipital lobes. The posterior fossa
may be involved as well.

Signs and symptoms are dependent on the parts of the brain that are involved and include
cognitive deficits, speech and visual disturbances, difficulty with gait, hemiparesis, and
incoordination of limbs [66] . Visual disturbances which occur in up to 30-50% of patients with
PML include either homonymous hemianopsia or quadrantanopsia or cortical blindness. Speech
deficits are also common. Seizures occur in approximately 10% of patients [66] .



Neuroradiology- CT reveals hypodense lesions of the white matter without mass effect or
enhancement. MRI, which is more sensitive, reveals areas of hypointensity on T1 and increased
intensity on T2-weighted images [72, 80] . Mass effect is rarely seen. Enhancement with
contrast is uncommon and if present is faint and peripheral [72] . Involvement of the gray matter
may occur but only in conjunction with white matter disease [80] . Lesions are usually multiple
and bilateral but patients may present with a single focus. Infratentorial disease is not
uncommon. The lesions may have a scalloped appearance on MRI due to involvement of
subcortical white matter.

Routine CSF studies in PML are generally not diagnostic. CSF may reveal a mildly elevated
protein, and myelin basic protein, with a mild mononuclear pleocytosis (less than 20 cells/uL).
In a large study of 154 patients with PML, the median CSF cell count was 2, median CSF protein
and glucose were 58 ng/dl and 52 mg/dl, respectively [72] .

Role of PCR- JC virus has not been cultured from spinal fluid. However, JCV DNA can be
detected by PCR and according to several recent studies appears to have a high degree of
sensitivity and specificity. The sensitivity which has ranged from 42-100% in most studies,
averages 80% [27, 58] . Lower sensitivity may be noted earlier in the disease course presumably
due to lower amounts of virus [81, 82] . Methods to improve sensitivity include using nested
PCR and repeating the test on subsequent CSF samples [81] . Specificity is very high (greater
than 95%) in most studies [27, 58] . Due to the relatively high positive predictive value of the
test, a positive PCR in a patient with a compatible radiological picture can be assumed to have
PML. Conversely, a negative test does not completely rule out PML.

More recently several groups have measured JCV by quantitative PCR. Higher levels of JC
virus in CSF appear to correlate inversely with survival [78, 83, 84] . Yiannoutsos et al. found
that JCV DNA levels above 50 to 100 copies/uL were associated with decreased survival [84] .
In addition, clearance of JCV DNA from the CSF has been noted with a beneficial response of
PML to HAART therapy [85, 86] .

Diagnosis- The differential diagnosis of PML includes HIV dementia and CMV encephalitis.
The former usually is not associated with focal neurological disease, occurs more insidiously and
is associated with more cognitive deficits, while the latter is usually located in the periventricular
white matter and centrum semiovale. Definitive diagnosis requires brain biopsy; however, as
noted above JCV PCR is an important adjunct to diagnosis. In the patient with characteristic
signs and symptoms, multiple, non-enhancing white matter lesions, cognitive deficits along with
focal findings, and a positive JCV PCR of the CSF the diagnosis is usually PML. In such patients
brain biopsy can usually be deferred.

Prognosis- Traditionally the prognosis of PML has been poor, with a median survival of 1-6
months after diagnosis [65, 69, 72, 76, 78] . However a significant minority will have a more
benign course with remission and even spontaneous recovery. In a large study by Berger et al.
from the pre-HAART era, 6 of 72 (8%) patients with pathologically confirmed PML survived
longer than 12 months [72] . Several factors have been associated with a longer survival and are
listed in the table.



Factors Associated with Prolonged Survival in PML

Receipt of HAART

High CD4 cell count at time of diagnosis
Increase of CD4 cell count by > 100 cells/yL
Low HIV viral load

PML as initial AIDS diagnosis

Low JC virus levels in CSF

References [65, 69, 70, 74, 83, 84, 87]

Treatment- There is no proven effective treatment for PML. Initially there were anecdotal
reports which suggested a possible benefit of the nucleoside analogue, cytosine arabinoside
(ARA-C, cytarabine). However subsequent reports have failed to confirm the efficacy of ARA-
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Cidofovir, a nucleotide analogue with broad antiviral activity has been shown to have in vitro
activity against the JC virus. Several anecdotal reports have suggested a benefit of cidofovir in
patients with PML [83, 88-91] . However, these reports lacked control groups and were usually
confounded by concomitant HAART therapy. Recently, a larger study, failed to demonstrate a
benefit of cidofovir despite clearance of JC virus from the CSF [92] .

Several reports have documented an improved survival in PML patients who receive HAART
[65, 70, 73, 74, 77, 78, 85, 93-100] . Clifford et al. compared survival in 25 patients with PML
who received HAART to a historical cohort of PML patients enrolled in a clinical study. Median
survival in patients receiving HAART was 46 weeks compared to 11 weeks for patients who did
not receive HAART [74] . Patients with lower HIV viral loads had a significantly longer
survival. Similarly, Dworkin et al found that 68% of patients receiving HAART containing a
protease inhibitor survived 6 months compared to 10% of patients not receiving antiretroviral
therapy [65] . Tassie et al retrospectively compared survival in 109 PML patients who did not
receive a protease inhibitor to 131 who did. They found the six month survival of patients who
received protease inhibitors to be almost twice that of those who did not [100] . It appears that
the mechanism of HAART in PML is immunorestoration, as evidenced by the correlation with
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increased CD4 cell counts and survival as well as the fact that patients on HAART are able to
clear JC virus from the CSF [70, 73] .

Thus, HAART has become the standard of care for AIDS patients with PML. However, PML

may develop in patients on HAART and patients with PML may not improve neurologically

despite a beneficial virologic and immunologic response to HAART [74, 101, 102] . The
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Other potential treatments for PML are listed below. Clinical data is lacking for those therapies
not discussed above.

Treatments for PML Mechanism Efficacy
Cytosine arabinoside nucleoside analogue no

AZT antiviral ?

Alpha Interferon immunomodulating agent unknown
cidofovir nucleotide analogue conflicting data

Analogues of Camptothecin | DNA topoisomerase I inhibitor, blocks
JCV replication in vitro

HAART immunorestoration yes
possible indirect antiviral effect

antisense oligonucleotides [ binding to JCV DNA unknown

Cytomegalovirus (CMYV)

CMV is a DNA containing virus, and a member of the herpesvirus family, which causes disease
to reactivation in patients with very low CD4 cell counts, e.g. < 50 cells/uL L [104, 105] . Most
commonly in AIDS patients, CMV infects the retina and to a lesser extent the GI tract including
the colon, esophagus and biliary tract. Neurological disease is less common but is well
described. Neurological disease due to CMV may be underestimated as CMV is present in the
brain in 12-40% of patients at autopsy but is rarely diagnosed clinically [5, 7, 106-108] . It is
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quite common to have a concomitant CNS opportunistic process when CMV disease is
diagnosed. This often makes it difficult to determine the amount of disease specifically
atttributable to CMV. Most patients with neurological CMV disease have been previously
diagnosed with CMV disease at another site e.g. retina [106, 109] . In a recent review of the
literature of patients with neurologic CMV the median CD4 cell count was 16 cells/uL and 86%
of patients had evidence of CMV infection outside of the central nervous system [106] .

Six neurological syndromes due to CMV have been described and are listed in the table.

Pathology- Four pathological lesions of CMV in
the CNS have been described by Morgello et. al.
[108] : 1. Isolated cytomegalic cells not
associated with microglial nodules or
inflammation; 2. microglial nodules; 3. focal
parenchymal necrosis, characterized by
macrophages, axonal swelling, and cells with
CMV inclusions; 4. ventriculoencephalitis
(VE)- focal or diffuse destruction of the
ependymal lining and necrosis of periventricular
parenchymal tissue associated with dense accumulation of cytomegalic cells. Diffuse infection
of ependymal and subependymal lining cells is the rule. The clinical significance of isolated
cytomegalic cells is not clear and focal parenchymal necrosis appears to be uncommon.
Clinically the two major syndromes of CMV encephalitis are diffuse micronodular encephalitis
(associated with microglial nodules) and ventriculoencephalitis. Micronodular encephalitis is
more common at autopsy and is less commonly associated with symptoms compared to
ventiriculoencephalitis.

Neurological CMV Syndromes

1. diffuse micronodular encephalitis
2. ventriculoencephalitis

3. focal parenchymal necrosis

4. mass lesions

5. radiculomyelitis

6. mononeuritis multipex

Diffuse micronodular encephalitis is characterized by mulitifocal, diffusely scattered,
micronodular encephalitis. These nodules are aggregates of macrophages and glial cells [108,
110] . Usually there is no inflammatory response. Small microglial nodules and inclusions
bearing cytomegalic cells are concentrated in gray matter and widely distributed in cortex, basal
ganglia, brain stem and cerebellum [111] . CMYV is found primarily in astrocytes, and
occasionally in neurons and capillary endothelial cells. Microglial nodules are not specific for
CMV as they can also be seen in HIV dementia. However, CMV is suggested by predominant
localization in the (sub)cortical gray matter, the absence of giant cells and the occasional finding
of intranuclear inclusions in or near the nodules [108, 110] . Although frequently found
pathologically the clinical significance is not always clear. Diffuse micronodular encephalitis
may present with dementia and thus AIDS Dementia Complex (ADC) is in the differential
diagnosis. CMV micronodular encephalitis may follow a more rapid course than ADC.

Pathologically VE is characterized by extensive necrosis of cranial nerve roots and of the
periventricular parenchyma and ependymal lining. Clinically VE presents as a rapidly
progressive delirium, cranial nerve deficits, nystagmus, and ataxia. Patients often present while
receiving maintenance therapy for CMV retinitis. The CSF usually reveals one or more of the
following: elevated protein, pleocytosis and hypoglycorrhachia. However normal CSF has been
reported. In patients with isolated ventriculoencephalitis the CSF pleocytosis consists mostly of
mononuclear cells. In patients with concomitant radiculomyelitis neutrophil predominance is
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seen more frequently [106] . CSF pleocytosis ranges from minimal to 18,000 cells [110] . One
series had a high number of patients with electrolyte abnormalities due to CMV adrenal
insufficiency or volume depletion [107] .

MRI in VE reveals progressive ventricular enlargement, periventricular enhancement and
increased periventricular signal on T2 weighted images. VE differs in several respects from
diffuse micronodular encephalitis. The onset is more rapid; cranial nerve palsies and nystagmus
are common as is simultaneous radiculomyelitis. Diffuse micronodular encephalitis and VE may
have different routes of infection. The anatomic distribution of micronodular encephalopathy
suggests a hematogenous route, whereas it is likely infection in VE is via CSF through
ependymal cells. The periventricular brain is likely invaded via the ependymal cells which line
the ventricles.

Diagnosis- Plasma serology is not useful in the diagnosis of CMV disease in AIDS, since the
vast majority of HIV-infected patients have acquired CMYV early in life and remain seropositive.
CMV can rarely be cultured from CSF in patients with encephalitis. The demonstration of
intrathecal CMV antibodies is rarely possible, probably due to the poor host immune response
[27] . Recent studies have demonstrated the utility of CSF CMV PCR in the diagnosis of CMV
neurological disease [112-114] . In published studies the sensitivity of CMV PCR has ranged
from 33-100% and the specificity from 42-100%; however, in the majority of studies the
sensitivity exceeded 80% and the specificity was greater than 90%. Reasons for variable results
among studies include different PCR techniques and different definitions of CMV disease. Some
studies used a clinical diagnosis of neurological CMV disease, while others used histology. The
CMV viral load appears to be related to the extent of infection and the type of CMV infection.
For example patients with polyradiculopathy and/or venticuloencephalitis appear to have higher
levels of CMV in the CSF [115-117] .

Quantitative CMV PCR was found to be useful in gauging response to therapy in a small series
[117] . Patients with higher initial CMV DNA viral loads are less likely to become CMV DNA
negative following ganciclovir therapy [117] . However, another study did not find a correlation
of CSF viral load and clinical response [109] . As in other virally mediated focal CNS diseases
in AIDS, PCR has become a very important diagnostic tool for CMV encephalitis.

CMV Treatment- In general patients diagnosed with CMV disease of the CNS have a poor
prognosis with death occurring in 4-6 weeks to 7 months [116-118] . Reasons for this are
multiple including the advanced immunusuppression of the patients, possible viral resistance,
poor penetration of ganciclovir into the CNS, and the fact that some neurological damage may be
irreversible. Ganciclovir, the mainstay of treatment for CMV disease outside of the CNS reaches
lower concentrations in the CSF compared to serum with CSF concentrations approximately 26-
70% of serum levels [111] . Brain parenchymal concentrations of ganciclovir are 38% of serum
levels [119] . Clinical responses in patients treated with ganciclovir alone have occasionally
been reported [120] , but in general are disappointing [107, 117] .

Since results with ganciclovir alone are poor, other agents have been tried. Cidofovir, a
nucleotide analogue with broad activity versus the herpesviruses including CMV has been used
successfully in a patient who had failed ganciclovir [91] . Foscarnet, a pyrophosphate analogue,
has been also been used. Foscarnet has better penetration of the blood brain barrier compared to
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ganciclovir. In two studies CSF foscarnet levels were 27-39% of serum levels, but in a third
study CSF levels were 66% of serum levels [111, 121] . There is also evidence of synergy in
vitro, when ganciclovir is combined with foscarnet [122, 123] . Combination therapy with
foscarnet and ganciclovir has been shown to be more effective than either agent alone in patients
with recurrent CMV retinitis and with polyradiculopathy [124, 125] . An open label study of
combined foscarnet-ganciclovir therapy in 31 patients with neurological CMV disease was
recently reported [109] . Median survival was 94 days, which compares to a median survival of
42 days in a group of historical controls who mostly received CMV monotherapy [106] . Given
the poor outcomes with monotherapy combination therapy may be justified; however,
prospective randomized data are needed.

Cerebrovascular disease

There appears to be a higher incidence of cerebrovascular disease in HIV, ranging from 0.5-10%
[7, 126] . Both cerebral ischemia and hemorrhage have been described with the former being
more common. Possible etiologies include a primary HIV vasculitis [127] , the
antiphospholipid/ anticardiolipin antibody syndrome, and protein S deficiency, as well as
secondary complications such as mycotic aneurysms due to endocarditis in intravenous drug
users and vasculitis due to herpetic viral infections and syphilis [128] .

Other infections

Several other infections which may occasionally present with focal lesions in HIV infected
patients include Nocardia, Varicella-Zoster virus, Aspergillus, Listeria monocytogenes, syphilis,
Histoplasma capsulatum, Cryptococcus neoformans, and Mycobacterium Tuberculosis. The
latter three organisms more commonly cause meningitis but may present as a focal process.
Patients with Nocardia may present with simultaneous pulmonary involvement.

Neuroimaging

MRI is the preferred neuroimaging modality for AIDS patients with focal CNS disease. MRI has
greater sensitivity than CT for toxoplasmosis and white matter disease (e.g. PML) and for
disease in the posterior fossa. In one study 22% of patients with normal CT scans had abnormal
MRIL In another 22% of cases MRI demonstrated an increased number of focal lesions
compared to CT [129] . In most cases white matter diseases such as ADC and PML can be
differentiated from toxoplasmosis and lymphoma based on clinical, laboratory and radiographic
data. While certain radiographic characteristics favor lymphoma over toxoplasmosis, e.g. a
solitary lesion, location adjacent to the ventricle, subependymal spread, and homogenous rather
than ring enhancement, consider overlap occurs. In many cases the constellation of symptoms,
physical findings, laboratory studies, and neuroimaging studies is not sufficiently specific to
reliably differentiate toxoplasmosis from CNS lymphoma [53, 128, 130, 131] . Another factor
which lowers the diagnostic utility of routine neuroimaging techniques in AIDS patients is the
fact that oftentimes more than one process occurs simultaneously.

The Role of Brain Biopsy

-14-



Studies have also demonstrated the relatively poor predictive acumen of physicians in
determining the etiology of brain lesions in HIV-infected patients. In the largest study,
physicians’ preoperative diagnosis was incorrect in 34% of cases [18] . In another study the
clinical diagnosis was incorrect 48% of the time [132] . Due to the limitations of noninvasive
techniques, tissue diagnosis by means of brain biopsy remains the gold standard for diagnosis of
focal brain lesions in patients with AIDS.

Several retrospective series, consisting of over 600 patients, have evaluated the role of brain
biopsy in AIDS patients with intracranial mass lesions (see table below) [18, 61, 132-140] .
Overall, the diagnostic yield is high (70-96%). Either craniotomy, ultrasound guided or CT/MRI
guided stereotactic brain biopsy can be done. However, in practice the most common technique
is CT or MRI guided stereotactic biopsy, since it is associated with signficantly lower morbidity
than craniotomy and provides adequate tissue in most cases. A definitive diagnosis was
determined in greater than 90% of patients undergoing biopsy in most studies. Importantly,
diagnoses other than lymphoma, PML or toxoplasmosis are identified in up to 18% of biopsies.
Such diagnoses include non-HIV related brain tumors and other infections (CMV,
mycobacterial, nocardia, etc). Interestingly, in the largest study, six percent of patients had more
than one diagnosis from biopsy of a single brain lesion [18] . Since lymphoma lesions often have
central necrosis, in order to avoid non-diagnostic biopsies, it is suggested that the enhancing rim
of the lesion be the biopsy target, as this may represent the only viable lymphoma tissue [18] .

TABLE. Brain biopsy in AIDS

Definitive Major

Series (n) Lymphoma PML Toxo Other Diagnosis Morbidity*t  Mortality#
Viswanathan (13) 31% 23%  38% 15% 85% 8% 0
Chappell (25) 36% 24% 8% 12%  80% 4% 0
Levy (50) 28% 28%  26% 18%  96% 8% 0
Feiden (23) 39% 22%  30% 4% 88% 0 8.7%
d’Armino 15% 35% 25% 15%  70% 5% 0
Monforte (20)

Tacoangelli (12) 50% 25% 0% 17%  92% 8.3% 0
Luzazzati (26) 46% 23% 15% 8% 92% 11.5% 0
Zimmer (25) 40% 8% 40% 4% 92% 0 0
Hornef (26) 42% 15% 23% 12%  96% 4% 4%
Antinori (158) 51% 17% 6% 14%  86% 3.7% 3.1%
Gildenberg (251) 33% 30% 15% 16%  94% 3.2% 2.8%

* Defined as hemorrhage or permanent neurological deficits.
1 Does not include death.
# Biopsy related Mortality (death related to biopsy complication within 30 days of biopsy)

In general, the morbidity of brain biopsy has been low (table). The major morbidity relates to
the occurrence of hemorrhage at the operative site, which has mostly occurred in cases of
lymphoma. Of the studies published to date major morbidity resulting in hemorrhage or
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permanent neurologic deficits has ranged from 0-12%. The incidence of death related to the
procedure has ranged from 0-9%, although in 5 of 8 studies no deaths occurred.

Unfortunately, the procedure is invasive and places the surgical personnel at risk of occupational
acquisition of HIV. Thus, other less invasive methods of diagnosis have been sought in recent
years. Newer laboratory techniques have been discussed above. New radiographic techniques
will be reviewed below.

Making a timely and accurate diagnosis of focal CNS lesions in patients with AIDS is important
because management of the different pathological processes differs considerably. However,
determining the specific cause of focal CNS disease in this patient population can be difficult
since the clinical and radiographic presentation of toxoplasmic encephalitis and primary brain
lymphoma, the two most common causes of focal brain disease in AIDS, overlap considerably
[53, 128, 130] . While it is acceptable to make an empiric diagnosis of toxoplasmic encephalitis
based on the Toxoplasma serology and an empiric response to appropriate therapy, brain biopsy
has traditionally been the gold standard for the diagnosis of primary brain lymphoma

Functional Neuroimaging
SPECT Thallium-201

Thallium-201 (TI-201) brain single photon emission computerized tomography (SPECT) has
been used to aid in the diagnosis of brain tumors for over 20 years. More recently it has been
used to differentiate CNS lymphoma from infectious causes of brain lesions (most commonly
toxoplasmic encephalitis) in patients with AIDS. TI-201 (thallous chloride), a radioisotope, is a
potassium analog. The most likely mechanism for the increased accumulation of TI-201 in
tumors is the Na'-/K* ATPase pump located on the cell membrane [141-144] . Tumor cells,
which have a high rate of metabolic activity accumulate more T1-201 (via active transport) than
normal surrounding normal tissue. Several other mechanisms have been proposed for the
increased accumulation of TI-201 in tumors including increased regional blood and increased
cell membrane permeability [143, 144] . In contrast to tumors, areas of infection or abscess
which contain necrotic tissue generally do not take up increased amounts of radioisotope.

SPECT TI-201 scans can be interpreted in two ways, e.g., qualitative visual interpretation or
quantitative lesion uptake ratios. In the former method, the radiologist after reviewing the CT or
MRI scan compares the region of interest corresponding to the mass lesion with the surrounding
and/or contralateral brain. An area which demonstrates increased thallium retention compared to
the surrounding brain is considered positive and thus a diagnosis of malignancy (lymphoma) is
presumed. On the other hand, lesions which do not retain thallium are considered negative and
are consistent with a diagnosis other than malignancy. The quantitative method calculates a
lesion uptake ratio. In this method a region of interest is drawn around the lesion and then
mirrored on either the normal contralateral brain or the scalp. The uptake ratio is calculated by
dividing the lesion activity by the activity of either the contralateral brain or the contralateral
scalp.
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Table. SPECT Thallium-201 Studies in AIDS

Study n Method of Sensitivity Specificity
(first author) Interpretation

O’Malley 13 subjective 100% 86%
Ruiz 37 uptake ratios 100% 100%
Lorberboym 18 uptake ratios 100% 90%
D’ Amico 37 uptake ratios 75% 96%
Lorberboym 49 subjective 96% 76%
De La Pena 36 uptake ratios 83% 96%
Lee 21 subjective 100% 80%
Miller 32 uptake ratios 55% 100%
Antinori 31 uptake ratios 92% 89%
Skiest 38 uptake ratios 86% 83%
Total 312 92%t 89%7

t weighted mean

Several studies have evaluated the utility of T1-201 SPECT in distinguishing cerebral lymphoma
from toxoplasmic encephalitis in patients with AIDS (table) [131, 145-156] . The initial studies
which evaluated the role of SPECT TI-201 for the diagnosis of diagnosing CNS lymphoma in
AIDS patients were very promising [151, 152] . O'Malley et al., reported that six of seven AIDS
patients with CNS mass lesions who had increased Thallium-201 uptake on SPECT had a
diagnosis of lymphoma, while none of six patients lacking thallium uptake were diagnosed with
lymphoma [151] . Ruiz et al. reported that all twelve patients with increased Thallium-201
uptake had a tissue diagnosis of lymphoma, while all 25 patients without increased uptake had an
infectious diagnosis [152] . In subsequent reports however, the diagnostic accuracy of this
technique has been lower than initially reported [131, 146, 147, 149, 150, 153, 154, 156-159] .
Both false positive and false negative results have been reported.

Lorberboym et al. evaluated T1-201 SPECT in AIDS in two studies. In an initial retrospective
study of 18 patients T1-201 SPECT had a sensitivity of 100% and specificity of 90% [149] .
D’ Amico studied 37 AIDS patients with contrast enhancing CNS lesions on CT or MRI [146] .
Using three different methods of calculating lesion to background uptake indices the best results
they obtained were 75% sensitivity and 96% specificity. In a study conducted at Parkland
Hospital, Skiest et al. recently reported a lower sensitivity of 86% and a specificity of 83% for
SPECT TI-201 [153] .

Recently several groups have reported modifications of SPECT TI-201 scanning to improve the
diagnostic accuracy. A second study by Lorberboym and colleagues of 49 AIDS patients with
focal lesions, found immediate T1-201 SPECT scanning to have a sensitivity of 96%, and a
specificity of 76%. By looking at delayed thallium uptake in lesions (at three hours) compared
to early uptake they calculated a retention index and were able to differentiate false positive
scans from true positive scans, which improved the specificity from 76% to 100% [150] . Lee et
al. used sequential thallium and gallium scintigraphy which they found useful in determining
whether thallium negative lesions were infectious (gallium avid) or non-infectious (negative
gallium) [154] . Technetium-99m sestamibi, another radioisotope, has been utilized in SPECT
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scans and was found to have similar sensitivity and specificity to thallium-201, but with higher
lesion to normal tissue ratios [147] . However, validation studies are needed.

The accuracy of SPECT TI-201 can be affected by several factors including size of the lesion,
the grade of the malignancy, the presence of necrotic areas in the tumor [147] , and location of
lesions [147, 151] . False negative results are more likely with smaller lesions (< 6-8mm), which
are below the resolution of the gamma camera, necrotic and hemorrhagic tumors, and lesions of
low grade malignancy [147, 156, 157] . In addition, tumors located near the base of the skull
may be obscured by the normally high activity in this region [151, 156] . In contrast, non-
specific uptake has occasionally been demonstrated in lesions other than lymphoma such as
infections for reasons which are not clear. Corticosteroids do not appear to diminish the
sensitivity of SPECT TI-201 [157] . False positive results may be less likely using lesion uptake
ratios instead of qualitative assessment [156] .

Another problem is that patients with AIDS may have several intracranial lesions, with more
than one etiology [18] . Thus, in the patient with multiple lesions some lesions may take up TI-
201 while others do not. In such cases the SPECT results may be difficult to interpret; it will not
be clear whether the lesions represent lymphoma, another diagnosis or two diagnoses. Thus,
SPECT TI-201 is a useful diagnostic test in patients with focal lesions, however, limitations do
exist, and information obtained as part of the test should be used in conjunction with other data
to improve diagnostic accuracy.

Positron Emission Tomography (PET)

Like SPECT T-201, PET scanning is based on the increased cell division and metabolism
characteristic of malignant cells. PET uses a radiopharmaceutical, most commonly '® FDG (18-
fluorodeoxyglucose), which enters the cell and competes for the enzyme hexokinase by the same
mechanism as glucose. Malignant cells, which have an enhanced rate of glycolysis take up the
glucose tracer at a higher rate than surrounding non-malignant tissue. Tumors thus appear
hypermetabolic or “hot” on PET scan compared to surrounding normal tissue. The degree of
metabolic activity can also be used to estimate the tumor grade. Scans can be assessed visually
(subjectively), semiquantitavely, or quantitatively (objectively). Regions of interest are drawn
around the lesion and then mirrored on contralateral normal brain. Lesion activity is then
measured with the contralateral cortex providing the reference point.

PET in AIDS

Relatively few studies of PET in AIDS patients with intracranial mass lesions have been
published [160-165] . Hoffman et al, studied 11 patients with AIDS and CNS lesions, who were
either receiving therapy for toxoplasmosis or had failed such therapy, or had undergone brain
biopsy [160] . Based on both qualitative and semiquantitative analysis of metabolic activity,
lesions of lymphoma could be differentiated from non-malignant lesions (lymphoma
semiquantitative score = 1.8 versus non-lymphoma semiquantitative score = 0.88). In the one
patient with PML lesion activity was intermediate between malignant and toxoplasmosis.
Although interesting this study was small and all patients were receiving therapy when PET was
performed, which could have affected the results.
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Villringer et al. studied 11 patients with CNS mass lesions [165] . They found the lowest
activity in patients with toxoplasmosis and the highest activity in patients with lymphoma, with
no overlap. Heald et al. conducted a study of PET in 18 AIDS patients with CNS mass lesions
[163] . They used several methods to assess lesion activity including a qualitative visual score
and semi-quantitative lesion to contralateral brain uptake ratios. They found that PET was able to
differentiate lesions of toxoplasmosis from those of lymphoma. However, two of two patients
with PML had lesion uptake ratios that were relatively hypermetaboic, which resulted in overlap
with the lymphoma patients.

O’Doherty et al. studied 23 HIV-infected patients with CNS lesions with PET [164] . They
found that lesions with low metabolic activity were either toxoplasmosis or PML and all
lymphoma lesions were associated with high metabolic activity. No overlap was seen between
patients with infections and those with lymphoma.

Pierce et al prospectively studied 20 patients with AIDS and contrast enhancing brain lesions by
either CT or MRI. All patients underwent PET scanning. PET lesions were graded as either
hypometabolic or hypermetabolic depending on their activity relative to white matter. They
found all toxoplasma lesions were hypometabolic and all lymphoma lesions were
hypermetabolic as expected. However, of two patients with PML, one had hypometabolic
lesions and the other had hypermetabolic lesions [162] .

Although it appears promising there are a number of problems with PET, which prevent its
widespread use. First, the technology is not yet widely available and in many cases the cost of
the test is prohibitive (approximately $2500). Second, for reasons which are not clear not PML
may occasionally demonstrate increased metabolic activity, e.g. look like lymphoma. However,
in most instances the MRI appearance of PML should be sufficiently different from lymphoma.
Finally, very small lesions may be below the level of detection of PET.

MR Spectroscopy (MRS)

Proton magnetic resonance spectroscopy (MRS) is a relatively new technique, which combines
MRI with spectroscopy. This non-invasive technique allows in vivo measurements of various
brain metabolites. Metabolites are identified by their frequency, e.g., position in the spectrum,
which is expressed as a shift in the frequency in parts per million (ppm) relative to a standard
[166] . In non-AIDS patients altered levels of certain metabolites have been associated with
various disease states of the central nervous system including ischemia, multiple sclerosis,
Parkinson’s disease, Alzheimer’s dementia, and tumors. The metabolites which are commonly
measured include N-acetyl aspartate (NAA), choline-containing compounds (CHO), total
creatine (CR), myoinositol (MI), glutamate, lipids, and lactate.

To perform MRS a spectral volume of interest or voxel is placed within a focal lesion seen on
MRI. A second voxel is then placed in normal appearing brain parenchyma in the contralateral
brain. The lesion voxel is then compared to contralateral brain voxel. Metabolite peaks are then
analyzed with a computer software program. Some studies report absolute peaks while others
report the metabolite peaks compared to a reference such as creatine.

Briefly, altered levels of the various metabolites have been interpreted as follows. NAA is a
neuron marker and decreased levels have been associated with neuronal or axonal injury, such as
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in AIDS dementia. In addition, low levels would be expected in a brain abscess (toxoplasma or
other). Choline containing compounds (free choline, phosphocholine, glycerophosphocholine
etc.) are constituents of cell membranes and myelin. Increased levels have been associated with
increased turnover of myelin, as seen in demyelinating conditions such as PML or cell
membranes (tumor) and low levels have been associated with loss of cells (infection). Lactate
levels are high in abscess and tumor due to ischemia as well as a decreased rate of clearance
from the lesion. Lipid peaks are thought to represent degradation products of phospholipids and
sphingomyelin as is seen in the breakdown of myelin and membranes. Creatine and
phosphocreatine are thought to be present due to cellular metabolism.

Relatively specific chemical profiles occur in patients with different pathological conditions.
While studies in AIDS patients with focal CNS disease have demonstrated typical patterns for
each disease state, as with other radiographic techniques overlap may occur. In general
toxoplasmic lesions demonstrate elevated lactate and lipid peaks with depletion of normal
metabolites. In contrast lesions due to lymphoma tend to have elevated choline peaks and mildly
to moderately elevated lactate and lipid peaks. PML lesions generally have low NAA, high
CHO and lipids and variable lactate levels. However, overlap does occur among the different
pathologic entities; for example, some lymphomas with central necrosis may have spectra similar
to toxoplasmosis.

Normal
Control

Contralateral

PML
Lesion

T
. 3 2 1 o

Chang et al. 1997

Chang et al studied MRS in 35 AIDS patients with focal brain lesions [167] . They found that
MRS could differentiate toxoplasmosis from lymphoma, PML and cryptococcoma with 84%-
94% accuracy. Significant differences in the measured metabolites (NAA, CR, CHO, MI) were
noted in the four groups. Lesions of toxoplasmosis were depleted of all measured metabolites
except lactate and lipid. In contrast lesions of lymphoma were associated with an elevated or
normal CHO peak with other metabolites relatively mildly depleted. Lesions in patients with
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PML had increased CHO levels and low levels of other metabolites. Lesions in patients with
cryptococcomas were characterized by depleted NAA and low lactate peaks.

Chinn et al.,were unable to replicate the findings of Chang et. al. In a MRS study of 26 AIDS
patients with focal CNS lesions they did not find significant differences in any of the ratios of
metabolites when comparing patients with presumed or proven toxoplasmosis to patients with
presumed or proven lymphoma [168] . In another study, Simone et al. found metabolite
abnormalities in all lesions types but did not find MRS of utility in the differentiation of
toxoplasmosis from lymphoma [169] . In contrast to Chang et al, Simone found a lactate signal
in most patients with PML lesions. Other studies of PML confirmed the high CHO levels and
low levels of other metabolites but also reported relatively high levels of lactate and lipids which
is in contrast to the earlier study by Chang [170, 171] .

Reasons for the discrepancy between these studies may include different techniques and different
methods of analysis. For example Chinn and Simone measured ratios of various metabolites as
compared to a reference metabolite whereas Chang did not. Another problem with MRS is that
the comparator which is usually the contralateral brain is not necessarily normal. In fact, studies
have demonstrated loss of NAA in many patients presumably due to the neuronal loss associated
with HIV infection of the brain [172] . Before MRS is adopted for widespread use, it needs to be
better standardized and larger validation studies are needed.

Radiologic Patterns of CNS Mass Lesions in AIDS

Toxoplasmosis Lymphoma PML

MRI

Enhancement | Yes Yes No enhancement

pattern ring homogenous or ring

Edema Yes Yes No
SPECT TI-201 Cold Hot Cold
PET Hypometabolic Hypermetabolic Hypometabolic?
MRS T Lactate, NAA | CHO Torl CHO T, Lactate

Torl, lipids Torl,

NAA- N-acetyl aspartate, CHO- choline-containing compounds, Cr- creatine,

Functional neuroimaging has led to advances in diagnosis in many areas of medicine including
the AIDS patient with a focal brain lesion. Each modality, SPECT-TI-201, PET, and MRS has
limitations, however and none provide a tissue diagnosis. None of these tests should be relied on
in isolation, because both false positive and false negative results may occur on occasion.
Specific expertise is required for interpretation of these tests and rigid diagnostic criteria
(especially for SPECT and MRS) have not yet been agreed upon. These tests are also costly
especially PET. However, when used with other criteria including toxoplasma serology, and
PCR they provide valuable diagnostic information.

The polymerase chain reaction has led to significant advances in the diagnosis of focal brain
disease in patients with AIDS. The highest utility has been demonstrated for diseases caused by
viruses. These include the herpesviruses CMV, HSV, VZV, and EBV, as well as the JC virus.
PCR is also useful for the diagnosis of Mycobacterium tuberculosis, although the precise
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sensitivity and specificity in Tb is unknown. PCR may be useful for monitoring CSF HIV viral
load in patients with HIV dementia, as there is some correlation between HIV load and stage of
dementia. PCR has been less useful for the diagnosis of toxoplasmosis and neurosyphilis. A
recent small study of demonstrated the utility of a multiplex PCR (for toxoplasmosis and
lymphoma) for diagnosis of AIDS related focal CNS lesions. [173] .

CSF PCR has some limitations. In some cases the test may too sensitive. For example, patients
with low levels of CMV in CSF may have clinically insignificant disease e.g. isolated
cytomegalic cells. Furthermore, it is theoretically possible that CSF may become contaminated
with latent virus extracted from peripheral cells in the CSF. Development of quantitative PCR
techniques may improve the specificity in such cases, by allowing clinically significant cut-off
values. A practical problem with CSF PCR is the fact that it may not be safe to obtain spinal
fluid in all patients, e.g. patients at risk of herniation.

Algorithm based approaches for the management of AIDS patients with incranial mass lesions
have been suggested and guidelines have been proposed by the American Academy of
Neurology and others [22, 126, 145] . These algorithms incorporate clinical criteria, laboratory
(toxplasma serology) and radiographic criteria (single versus several lesions), and response to
empiric toxoplasma therapy, as well as newer techniques including CSF PCR and functional
neuroimaging.

At Parkland Hospital we instituted an local algorithm which has been used since January 1999.
Our algorithm incorporates radiographic findings (enhancement or not), serum toxoplasma
serology, SPECT TI-201, and CSF PCR for JC virus and EBV. Patients with positive serum
toxoplasma serology, negative SPECT TI-201, and negative EBV PCR receive empiric treatment
directed at toxoplasmosis. Patients with both positive EBV PCR and SPECT TI-201 receive
empiric brain radiation for presumptive lymphoma. Brain biopsy is reserved for patients in
whom the above data is discordant and for patients treated empirically for toxoplasmosis who do
not respond to two weeks of therapy. A similar approach to diagnosis and management has
recently been validated in a prospective study from Italy [145] . In this study combining results
of SPECT TI-201 and EBV PCR resulted in a high degree of diagnostic accuracy.

Although newer treatments have improved the outcome for many individuals with HIV,
neurologic complications will continue to be an important problem for this group of patients.
New diagnostic techniques including PCR based diagnostic assays and functional neuroimaging
have improved diagnostic accuracy in patients with focal CNS disease. These new diagnostic
tests now allow for the empiric treatment of some patients without the need for brain biopsy.
However, further modifications of these tests and larger validation studies are needed.
Furthermore it should be remembered that a significant minority of AIDS patients will present
with a focal brain mass due to an unusual cause, which is not readily diagnosed without tissue.
Brain biopsy remains the most definitive diagnostic modality, and there continues to be a subset
of patients whom will benefit from biopsy.
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