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W
hile the advent of haart has
greatly reduced the incidence
of various neurological mani-
festations over the last few
years, some complications con-
tinue to have a serious impact

on the lives of hiv-infected patients. How-
ever, neuropathogenesis in the setting of
hiv disease is still not well understood by
the majority of health-care providers, a
fact that may be hindering the successful
implementation of diagnostic and treat-
ment strategies. 

To provide its clinician members with an
update on the pathogenesis, diagnosis, and
treatment of three common neurological
manifestations—hiv-associated dementia,
myelopathy, and peripheral neuropathy—
prn dedicated its May 2000 meeting to this
important topic. Featured by prn were two
clinical neurologists and a neuropathologist.
Dr. Susan Morgello, who addressed cur-

rent concepts in hiv-associated dementia,
also explored the issue of the central ner-
vous system (cns) as a “sanctuary” for hiv.
Dr. David Simpson detailed advances in di-
agnosis and treatment of peripheral neu-
ropathy in hiv-infected patients, and Dr.
Alessandro Di Rocco discussed myelopa-
thy in patients with hiv disease. 

I. HIV-Associated Dementia

a review of hiv-associated dementia
(had) was provided by Dr. Morgello, the di-
rector of the Manhattan hiv Brain Bank
(mhbb). The mhbb project is dedicated to
elucidating the pathogenesis of hiv-relat-
ed neurologic disorders; it recruits hiv-
infected patients who agree to be followed
in a longitudinal, noninterventional study
and who, upon demise, will donate brain

matter. To date, more than 100 individu-
als have joined the study. More than 200
specimens have been shipped to re-
searchers in the U.S. and Europe.

Dr. Morgello framed her prn discussion
within the debate between those who be-
lieve that adequate systemic treatment of
hiv is the appropriate way to address cns
disease and those who see the cns as a
“privileged” site requiring additional treat-
ment strategies. In addition to the clinical is-
sues, this debate has implications for allo-
cation of research funds. Those on the for-
mer side of the debate believe that, as you
control hiv in the periphery, neurologic se-
quelae will disappear. Those on the latter
side of the debate consider that the cns is a
sanctuary for hiv, where the virus can re-
main protected from immunologic and
pharmacologic assault. 

To shed light on this debate, a certain
level of detail regarding the epidemiology
and the neurobiology of had is necessary. 

Epidemiology of HAD
discussed by dr. morgello were preva-
lence figures on had from four studies
ranging from 1986 to 1997. These studies
support the observation that, because of
highly active antiretroviral therapy (haart),
the incidence of had has decreased. 

In the pre-haart era, the incidence of
had at the University of Amsterdam de-
clined dramatically after the introduction of
azt (Retrovir), which crosses the blood-
brain barrier (bbb) efficiently (Portegies,
1993). In contrast, the Multicenter aids Co-
hort Study (macs) demonstrated no change
in had incidence over the period from 1985
to 1992 (Bacellar, 1994). Dr. Morgello not-
ed, however, that discordance with the Am-
sterdam data may have resulted from study
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design and differing populations. 
With the introduction of haart, a cohort

in Frankfurt demonstrated a decrease in
the incidence of had from 8.1% to 2.8%
between 1994 and 1995 (Brodt, 1997). In
1994, only 2.4% of the participants were
on combinations of antiretroviral therapy
that included a protease inhibitor, where-
as well over 60% were on haart by 1995.
Unfortunately, these data combined sta-
tistics for aids dementia and progressive
multifocal leukoencephalopathy (pml). 

Surveillance data from Australia showed
similar trends (Dore, 1999). From 1992 to
1995, 167 patients in the cohort presented
with had as their first aids-defining illness.
In 1996, after the advent of haart, the in-
cidence had dropped to 43, and in 1997 to
24. Unfortunately, the percentage of first
aids-defining illnesses that were accounted
for by had actually increased over this pe-
riod: 4%, 6% and 6.5% for each consecutive
year. So although the raw number of had
cases was declining, the percentages were
climbing. Interestingly, the mean CD4+ cell
count at which had was being diagnosed
rose over these three years, from 70 cells/
mm3 from 1992 to 1995 to 120 cells/mm3 in
1996 and 170 cells/mm3 in 1997. 

Dr. Morgello discussed the incidence
of neurologic manifestations of hiv in 71 of
the first 100 patients enrolled in the mhbb.
Only 11 patients (15%) had no evidence of
neurologic dysfunction. More than 80%
had some degree of cognitive impairment;
approximately 25% had minimal cogni-
tive motor dysfunction and approximate-
ly 60% had frank dementia. 

It is difficult to reconcile these figures
with the remarkable clinical successes that
have been reported in the literature since
the advent of haart. Two potentially con-
founding factors in the mhbb study popu-
lation are: 1) many of the patients are at ad-
vanced stages of disease; and 2) there is a
preponderance of patients with a history of
substance abuse. Baseline cognitive func-
tioning in patients with substance abuse
may be slightly different from what might
be anticipated. In one very interesting co-
hort being studied in Edinburgh, Scotland,
by Dr. Jeanne Bell and her colleagues, it is
clear that individuals with a history of sub-
stance abuse have an unexplained increase
in hiv encephalitis and cognitive dysfunction
compared to those with sexual exposure
as a risk factor (Bell, 1996). 

To summarize, the incidence of demen-
tia decreased between 1982 and 1988 as

corroborated by patholog-
ic studies showing less ev-
idence of inflammatory
changes in the brain. This
phenomenon is coincident
with the advent of azt. The
incidence of dementia was
constant between 1988
and 1992, when consider-
ing only an advanced co-
hort. Again, this observa-
tion is corroborated by
pathology studies. haart,
which became widely
available in 1996, coincid-
ed with a further decline
in the incidence of demen-
tia. Patients presenting
with dementia today have
a higher mean CD4+ cell
count. However, dementia
now accounts for a higher
proportion of aids-defin-
ing illnesses. 

As people live longer,
an increase in the per-
centage of dementia diag-
noses may mean that we
have achieved only sub-
optimal treatment of hiv
in the cns. We have al-
ready seen an example of
this phenomenon; inci-
dence of cns lymphoma
began to increase after
azt became available
[and, consequently extended the lives of
people infected with hiv]. As always, one
must keep in mind that compliance clear-
ly influences these trends. Drugs won’t
work if patients don’t take them. 

Neurobiology of HIV and 
Cognitive Dysfunction

the blood-brain barrier (bbb) is formed
by a series of tight endothelial junctions.
There are reduced numbers of pinocytot-
ic vesicles at the level of the endothelium.
The feet of the astrocytes around the en-
dothelium play a major role in regulating
the bbb. A large variety of molecules at
the endothelial surface are involved in
passage of drugs and other molecules as
they enter and leave the cns (Figure 2).

An important but largely forgotten factor
in this construct is the blood-cerebrospinal
fluid (csf) barrier, which is vastly different
from the bbb. The barrier between blood

and csf is at the level of the choroid plexus
and is formed by junctional complexes be-
tween choroid epithelial cells. Below these
are fenestrated choroidal capillaries that
have no barrier function whatsoever; they
function as systemic vasculature. Here,
transport is by active pumps, which occur
in the epithelial layer as opposed to an en-
dothelial layer. In the average adult, there
are a total of 150 cc of csf, and approxi-
mately 500 cc of csf are synthesized daily,
resulting in a high turnover. Only 20% to
30% of the csf derives from brain intersti-
tial fluid, and 70% to 80% is actively se-
creted by the choroid plexus. Thus, it is
not clear how representative of brain may
be the csf commonly obtained at lumbar
puncture, which will be an important factor
in evaluating brain effects of haart.

A number of characteristics facilitate
or hinder a drug’s penetrance of the bbb.
Size matters, as smaller is better in order
to penetrate the cns. Lipophilicity also im-
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The blood-brain barrier is formed by a series of tight
endothelial junctions. The feet of the astrocytes sur-
rounding the capillary epithelium play a major role in
regulating the blood-brain barrier, including the passage
of drugs and perivascular macrophages and mono-
cytes. In late-stage hiv disease, increased macrophage-
colony stimulating factor (m-csf) in the bone marrow
leads to increased production of CD16+/CD69+ mono-
cytes, cells primed for transendothelial migration. In
late-stage hiv infection, an increase in trafficking of
monocytes to the brain has been suggested to be as-
sociated with the development of hiv neurological dis-
ease (Gartner, 2000). In this figure, a CD16+ monocyte
is shown crossing the capillary endothelium in the cns
and entering the brain parenchyma.
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proves a drug’s ability to cross the bbb.
Drugs that are not highly bound to serum
proteins have a greater chance of getting
in. Lower pH favors cns penetration. Fi-
nally, an underlying disruption of the bbb
facilitates passage of a drug into the cns.

However, there are exceptions to every
rule. Dr. Ron Ellis of the University of Cal-
ifornia, San Diego and his colleagues have
prepared calculations to assess how well
individual antiretrovirals penetrate the
csf: The numerator includes the csf con-
centration of the drug, and its IC50—the
concentration at which hiv is 50% inhib-
ited—goes in the denominator. A ratio
greater than 1.0 means that the drug pen-
etrates the csf well; less than 1.0 reflects
poor penetration. 

The calculation produces some coun-
terintuitive results; azt and d4T, which
have similar structures with regard to size
and lipophilicity, display ratios of 2.4 and
0.4. However, there is a probenecid-in-
hibitable pump that may actively trans-

port d4T out of the cns. Some protease
inhibitors are also actively transported
out of the cns (Table 1).

“It is important to bear in mind that
raw numbers may not tell you meaningful
information,” explained Dr. Morgello. For
example, less than .5% of efavirenz actu-
ally penetrates the csf. But the IC95 of
efavirenz is so low that, even with the low
concentration of the drug, enough is pre-
sent to inhibit 95% of the virus present.
“Furthermore,” she continued, “these csf-
to-plasma ratios are only a snapshot in
time of a very dynamic process. It would
be better to have multiple samples from an
indwelling catheter that would allow you to
calculate auc, but very few drugs have
been studied this way.”

“The essential issue,” posited Dr. Morgel-
lo, “is whether potent antiretrovirals im-
prove neurocognitive function.” According
to at least three papers published over the
last year, the answer is a definitive “Yes.” 

Combinations of potent antiretrovirals

clearly improve psychomotor speed per-
formance over time in impaired individu-
als. Data from the macs have demonstrat-
ed this using a short battery of neuropsy-
chological tests (Sacktor, 1999). These
findings were true in patients who took an-
tiretroviral combinations with or without
protease inhibitors. An Italian cohort
demonstrated neuropsychiatric improve-
ment in patients treated with combina-
tions, and it was sustained for 15 months
(Tozzi, 1999). Most participants received
indinavir as part of their regimen, yet in-
dinavir has a poor csf-to-IC50 ratio. The
prevalence of cognitive impairment in this
group dropped from 80% to 50%. The im-
provement was correlated with a drop in
plasma viral load (-1.84 log), but no csf
analyses were performed. 

Magnetic resonance spectroscopic (mrs)
data have been published to document
that indeed, potent therapies have an im-
pact on brain chemistry. Dr. Linda Chang
and her colleagues at the University of
California, Los Angeles, have done a vari-
ety of interesting mrs studies. Last year,
she published data on a cohort by which
they were able to demonstrate ameliora-
tion of cognitive dysfunction (Chang, 1999).
They correlated cognitive improvements
with changes in brain myoinositol and
choline peaks, reflecting changes in gliosis
and cell membrane turnover. For a good
percentage of individuals, changes in these
indices occurred when treatment was
started. These changes were evident in
regions of interest, for example, frontal
white matter and basal ganglia. However,
in a substantial percentage of individu-
als, there was persistence of elevated
choline, which indicated that at some lev-
el cell membrane turnover still increased
despite clinical improvement. The signifi-
cance of this has yet to be determined. 

Finally, one central question remains:
Where does hiv in the csf come from,
particularly with regard to the production
of csf from the choroid plexus? This year,
Dr. Ellis published a study in Neurology in
which he examined the effects of haart on
csf and plasma viral load in individuals
with and without cognitive impairment
(Ellis, 2000). Patients were stratified to
three groups: nondemented patients with
early hiv disease (CD4+ count >400
cells/mm3) or csf pleocytosis (csf leuko-
cytes >4/mL); nondemented patients with
advanced hiv disease (CD4+ count <400
cells/mm3) and no pleocytosis; and pa-

table 1: cns Penetration of Antiretrovirals†
Plasma csf IC50 csf:IC50 Ratio 

n u c l e o s i d e  r e v e r s e  t r a n s c r i p t a s e  i n h i b i t o r s  

azt 4.49-5.62 0.12-0.20 0.01-0.05 2.40 
ddI 3.39-4.24 0.13-0.20 1.0-2.5 0.05 
ddC 0.03-0.08 0.003-0.03 0.03-0.5 0.01 
d4T 3.35-6.43 0.20-0.36 0.05-0.5 0.40 
3TC 6.55 0.17-0.55 0.003-0.09 1.89 
Abacavir 0.10-10.89 0.5 0.26 1.92 

n o n - n u c l e o s i d e  r e v e r s e  t r a n s c r i p t a s e  i n h i b i t o r s  

Nevirapine 7.52-6.92 7.30 0.01-0.1 73.00 
Delavirdine 15.0-35.0 0.06-0.14 0.066 0.91 
Efavirenz 2.51-9.53 0.006-0.059 0.003 2.00 

p r o t e a s e  i n h i b i t o r s  

Saquinavir 1.85-  3.23 <lod-0.0085 0.002-0.007 Indeterminate* 
Ritonavir 5.13-15.53 <lod-0.079 0.045 Indeterminate* 
Indinavir 0.25-12.61 0.05-0.66 0.025-0.1 0.50 
Nelfinavir 1.76-  7.04 <lod 0.022 Indeterminate* 
Amprenavir 0.55-10.67 0.16 0.08 2.0 

lod = Level of detection

† There are some caveats to keep in mind when reviewing these data. First, there are
influx/efflux ratios to consider (i.e., the probenecid-inhibitable pump that actively
transports d4T out of the cns). There is also the atp-dependent efflux transporter P-gly-
coprotein, for which protease inhibitors are substrates. Moreover, while <5% of
efavirenz penetrates the csf, the IC95 of the drug in vitro is so low that even small con-
centrations in the cns are capable of inhibiting 95% of the virus present. 

* Indeterminate because lower end of range was <lod 

Source: Ronald Ellis, md (unpublished data; courtesy of Susan Morgello, md)
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tients with had. These individuals were
then placed on new haart regimens. 

In patients with higher CD4+ cell counts,
the rate of decline of viral load in csf and
plasma was similar. For individuals with ad-
vanced disease and lower CD4+ cell counts,
the csf decline lagged behind plasma viral
load decline. In patients with had, there
was a more marked dissociation between
systemic and csf response. The conclusion
here was that the source of csf viral load
may be dependent on disease stage. “This,”
Dr. Morgello remarked, “is a very important
conclusion. When you look at patients with
dementia, csf viral load is consistently high
in the face of lower plasma viral load. It
may very well be that brain parenchyma is
the source of virus, and that cns-targeted
therapy is necessary. We must consider
that there may be different sources of csf
virus depending on patient’s disease stage
and cognitive function.”

II. HIV-Related Myelopathy

aids-associated myelopathy is the most
common spinal cord disease in patients
with hiv. Autopsy series conducted before
the era of haart revealed that 20% to 55%
of patients examined had spinal cord
changes consistent with vacuolar myelopa-
thy (Petito, 1985; Dal Pan, 1994). It is un-
known how many of these patients had ac-
tual clinical manifestations of myelopa-
thy; the studies were conducted at a time
when there was much less awareness of
myelopathy in aids patients. 

Clinical Features
“when people think of myelopathy,” sug-
gested Dr. Di Rocco, “they often envision a
patient who is wheelchair bound, with
spastic legs, and very debilitated. A lot of
our patients with myelopathy are actually
quite ambulatory, although they may have
difficulty climbing stairs. Many clinicians
probably see myelopathy in their prac-
tice, but may not recognize it.” 

At first, patients report nonspecific com-
plaints such as weakness, spasticity, and
urinary frequency and urgency. Patients
may report having to urinate 15 or more
times a day. Male patients may have diffi-
culty achieving and maintaining an erec-
tion. Numbness and abnormal sensation to
light touch may be present. Patients may

also report constipation, leg cramps,
and/or difficulty in walking. 

Myelopathy is characterized by a spas-
tic paraparesis, which is slowly progres-
sive. This spastic paraparesis along with
sensory abnormalities and loss of sphincter
control lead to the diagnosis. Typical clini-
cal findings include weakness, spasticity,
hyperreflexia, clonus, and a positive Babin-
ski sign. The symptoms and the findings
can be hard to interpret because they are
nonspecific and other pathologies may be
present. Even for an experienced neurolo-
gist, distinguishing between what is
myelopathy and what is neuropathy may be
difficult. The same is true for sensory ab-
normalities: They can be caused by neu-
ropathy, myelopathy, or a combination of
the two.

Myelopathy is a slowly progressive en-
tity. Data involving patients followed by
Dr. Di Rocco and his colleagues chronicle
an average time lapse of almost two years
between onset of weakness or stiffness
and the time the patients eventually be-
came wheelchair-bound. Yet, some of these
patients with a diagnosis of myelopathy
have been followed for years, but are still
ambulatory. 

No confirmatory tests exist for vacuolar
myelopathy; it is essentially a diagnosis of
exclusion. There are very few data com-
paring myelopathy in the pre- and post-
haart eras, but one pattern that is emerg-
ing is that progression seems to be much
slower. “The csf is typically normal,” ex-
plained Dr. Di Rocco. “A few white cells
may be present and protein may be slight-
ly elevated, but there usually isn’t anything
truly remarkable. The mri may be normal
or there might be nonspecific findings such
as swelling or atrophy or decreased signal
on T2 images.” In his clinical research and
practice, Dr. Di Rocco uses electrophysio-
logical tests to determine how fast an elec-
trical impulse is propagated through the
posterior columns of the spinal cord.

Pathogenesis of Myelopathy
the pathogenesis of myelopathy in hiv-in-
fected patients remains something of a
mystery. “We know it is associated with
hiv,” said Dr. Di Rocco, “ but if you look for
the virus in the spinal cord, you don’t find
much.” 

The pattern of cord changes in hiv-re-
lated myelopathy closely resembles that
of subacute combined degeneration of the

cord from vitamin B12 deficiency. In an
article dating back to 1985 by Dr. Carol Pe-
tito and her colleagues, the most striking
feature of the dramatic vacuolization of
the spinal cord was its prominence in the
posterior and lateral columns (Petito,
1985). This finding prompted Dr. Petito’s
team to re-read the patients’ charts to
look for abnormal vitamin B12 levels,
which were not found. Moreover, supple-
mentation with vitamin B12 does not affect
the course of disease (Kieburtz, 1991).

Vacuolization in the spinal cord is not
specific for B12 deficiency; it is also associ-
ated with folate deficiency, nitrous oxide
intoxication, congenital metabolic abnor-
malities, methylenetetrahydrofolate defi-
ciency, and cobalamine G mutation. All of
these disorders cause vacuolization and
are directly related to impairment of me-
thionine and transmethylation metabolism. 

Methionine is an essential amino acid
whose daily turnover is twice the dietary
supply, derived from vitamin B12-depen-
dent conversion of homocysteine to me-
thionine and from diet. Methionine is me-
tabolized to S-adenosylmethionine (sam), an
important methyl-group donor needed for
various pathways, including stabilization of
the myelin basic protein (mbp). This protein
stabilizes the myelin sheath around nerves.
In hiv-associated vacuolar myelopathy, the
myelin sheath “falls apart.” 

A few studies have suggested that, in
hiv-infected patients with myelopathy, csf
levels of sam and methionine are often
decreased (Surtees, 1990; Keating, 1991).
In Dr. Di Rocco’s research experience, sev-
eral patients with myelopathy were found
to have decreased levels of sam. One pa-
tient in a control group followed by Dr.
Di Rocco—the patient did not have a di-
agnosis of myelopathy—was found to have
a relatively low level of sam. Six months af-
ter this finding, she had developed symp-
toms of myelopathy.

“The pathogenesis of myelopathy in hiv-
infected patients likely involves a complex
chain of events,” suggested Dr. Di Rocco.
“After hiv infection there is macrophage
and cytokine production in the cns. Any of
these immune responses may be playing a
role in the transmethylation impairment
and myelin destruction that is associated
with myelopathy.” 
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Treatment of Myelopathy
while not specifically discussed by dr. di
Rocco, treatments for myelopathy—po-
tential or otherwise—are of central con-
cern to hiv-treating clinicians. Unfortu-
nately, data from myelopathy treatment
studies are sparse and, as a result, there is
no specific treatment. 

Treatment of myelopathy is, in essence,
intended to provide symptom manage-
ment and to limit disability. To help control
spasms and cramps, particularly when
pain or discomfort is present, antispas-

ticity medications—including ba-
clofen, dantrolene, or injections of
botulinum toxin—may offer some re-
lief. Physical therapy may help im-
prove lower extremity function. As
for urinary function, bladder training
and anticholinergic medications may
be helpful. 

In an effort to reverse abnormal
transmethylation metabolism, Dr. Di
Rocco and his colleagues conducted
an open-label pilot study of oral me-
thionine in 12 hiv-infected patients
with myelopathy (Di Rocco, 1998).
All patients had been receiving anti-
retroviral therapy for at least six
weeks prior to study entry and were
treated using Carlson Laboratories’
L-methionine at an oral dose of 3
grams twice a day for six months. 

Nine of the 12 (75%) patients com-
pleted the six-month study. L-methio-
nine was well tolerated, with only mi-
nor complaints of abdominal discom-
fort in one patient (one patient with-
drew because of a history of dyspepsia
and gastrointestinal symptoms while
receiving L-methionine, one withdrew
after two months for reasons not re-
lated to the study, and one patient
died of congestive heart failure and
pneumonia after three months). Six
patients had improvement in strength,
and five patients had mild to moderate
improvements in spasticity. Two ex-
perienced resolution of urinary symp-
toms; and two male patients regained
erectile function. 

All patients who entered the study
had prolonged central conduction time
(cct) at somatosensory evoked poten-
tials (seps), determined using electro-
physiologic testing. Five patients ex-
perienced a marked improvement in
cct, findings that were directly asso-
ciated with clinical improvement seen

in these patients. In one patient, cct wors-
ened. Upon conducting a global myelopathy
evaluation (gme), 7/9 (78%) had improve-
ments in gme scoring, including one pa-
tient who experienced clinical remission
of myelopathy and normalization of cct.

Not only may L-methionine lead to an ef-
fective strategy of prevention and treat-
ment of myelopathy, but it may also help in
understanding the complex relationship
between hiv and metabolic abnormalities in
the neuropathogenesis of aids.

III. Peripheral Neuropathy

to complete the neuroaids trilogy, dr.
David Simpson took the podium to dis-
cuss peripheral neuropathy in the setting
of hiv disease. “In the early years, I found
it quite challenging to convince my infec-
tious disease colleagues that neurologic
disease was, in fact, important in the set-
ting of hiv,” Dr. Simpson remarked. “At
that time, patients were dying in a year or
two and neurologic disease often did not
capture people’s attention. People were
dying too quickly for it to become a real
factor.” Today, he noted, patients are re-
maining alive and free of aids-related dis-
eases for considerably longer periods of
time. Yet quality of life issues, which in-
clude peripheral neuropathy, are becom-
ing even more prevalent. 

Types and Epidemiology of 
Peripheral Neuropathy

actually, several different forms of pe-
ripheral neuropathy can occur in the setting
of hiv. For example, inflammatory de-
myelinating polyneuropathy (idp) is often
the first manifestation of hiv disease, when
CD4+ cell counts are relatively high. With
continual suppression of the immune sys-
tem, the incidence of distal symmetric
polyneuropathy (dsp) increases. And in ad-
vanced hiv disease, viral infections such
as cmv can cause nerve-related diseases, in-
cluding progressive polyradiculopathy or
mononeuritis multiplex. 

The most common form of peripheral
neuropathy is a dsp. In the macs database,
rates of neuropathy, including dsp, in-
creased substantially between 1988 and
1992 (Bacellar, 1994). This increases con-
tinues today. 

Every clinician who treats a large num-
ber of hiv-infected patients likely sees dsp
on a daily basis. Characteristically, patients
experience hyperesthesia, pain and/or
paresthesia, contact sensitivity, decreased
ankle reflexes, and decreased responses
to pinprick and temperature (Figure 3).
Any departure from that pattern should
raise a red flag that something else may be
going on. For example, idp differs from
dsp in that it can cause facial nerve paresis,
ascending weakness, generalized areflex-
ia, and mild sensory involvement. 

Dr. Simpson warned that some patients
may have a combination of cns and peri-
pheral nerve manifestations. As an exam-
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Incidence and Symptoms
� Most common type of neuropathy in 

hiv infection
• Detectable in >33% of patients with aids
• More common in late hiv infection 

(low CD4+ count)
• Detectable pathologically in nearly 

all patients
� Chief complaint: numbness or burning

pain in the feet
� Sensory complaints typically symmetrical
� Weakness unusual until dsp advanced
� Affects quality of life and adherence

Clinical Signs
� Depressed ankle reflexes relative to knees

(caution: combined cns and pns)
� Abnormal vibration in feet
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glove distribution)
� Muscle strength (objective) usually normal

Source: David Simpson, md

figure 3: Distal Symmetrical 
Polyneuropathy
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ple, he illustrated that “some patients may
have a combination of myelopathy and dsp.
Such a patient might have increased re-
flexes characteristic of myelopathy, but may
also have lower extremity numbness and
paresthesias associated with dsp.”

In general, Dr. Simpson stated that ap-
proximately one-third of all patients with
aids have signs and symptoms indicative of
dsp. Turning to the realm of the pathologist,
sural nerve biopsies and autopsies would ul-
timately reveal that most—if not all—pa-
tients with hiv disease have evidence of
axonal degeneration. dsp is more common
in late hiv infection, particularly in patients
with suppressed CD4+ cell counts (Tagliati,
1999). As for viral load, rising hiv-rna lev-
els increase the risk of developing—and
the severity of—dsp (Childs, 1999). 

Pathogenesis
as with had and myelopathy, the patho-
genesis of peripheral neuropathy is not
clearly understood.

A number of pathogenic mechanisms
have been proposed for dsp. These include
direct damage to nerves by hiv or its glyco-
protein gp120; the neurotoxic effects of cyto-
kines, including tumor necrosis factor-alpha
(tnf-α) and interleukins 1 and 6 (IL-1 and IL-

6); malnutrition; vitamin B12 deficiency; and
other possible infections, such as cmv.

As for neurotoxic drugs, vincristine for
the treatment of ks and lymphomas, iso-
niazid for the prevention and treatment of
Mycobacterium tuberculosis, and thalido-
mide have all been shown to cause dsp.
Several nucleoside analogues used to treat
hiv infection are widely known to cause
dsp, particularly the “D” drugs: ddI (Videx),
ddC (Hivid), and d4T (Zerit). 

With respect to the potential of these
drugs to impair mitochondrial function—
and thus contribute to the pathogenesis
of peripheral neuropathy—Dr. Simpson
stated that it is still too early to blame mi-
tochondrial dysfunction for manifestations
such as dsp, lipodystrophy, and other com-
plications that have been thrown into the
mix (see “Mitochondrial Toxicities of nrtis,”
published in the June 2000 issue of The PRN

Notebook). “What we do know,” confirmed
Dr. Simpson, “is that nucleoside analogues
do inhibit mitochondrial dna polymerase-
gamma. And there have been some animal
data linking ddC to mitochondrial dys-
function in peripheral nerves. Whether or
not this is the operative mechanism in hiv

drug-related peripheral neuropathy in hu-
mans is still unproven.”

Diagnosis and Treatment of
Peripheral Neuropathy

the diagnosis of dsp is reached more or
less by a process of exclusion. Blood sam-
ples should be collected to screen for dia-
betes mellitus and vitamin B12 deficiency.
Electrodiagnostic procedures are also pos-
sible and, in the case of dsp, will yield ev-
idence of decreased sural nerve conduction
velocity or amplitude, as well as emg evi-
dence of active or chronic partial dener-
vation with reinnervation in distal leg
muscles. csf analyses and seral nerve
biopsies can also be conducted, but are
widely considered to be unnecessary in
the clinical diagnosis of dsp, other than
for research purposes. 

dsp is a difficult condition to manage,
and the primary goal with the treatments
currently available is to help alleviate symp-
toms of peripheral neuropathy. For starters,
there is often a significant benefit in stop-
ping or switching an offending hiv/aids
drug. But, as Dr. Simpson warns, this must
be balanced against the antiviral benefit
that the drug is providing to the patient. It
is important to note, however, that neuro-
pathic symptoms may continue to escalate
for up to six weeks after treatment is dis-
continued (called the “coasting period”). 

Mild neuropathic pain can sometimes
be treated using non-steroidal anti-inflam-
matory drugs (NSAIDs) such as ibuprofen;
moderate to severe cases may respond to
tricyclic antidepressants (e.g., amitripty-
line or nortriptyline), anticonvulsants (e.g.,
phenytoin carbamezipine, and gabapentin),
or narcotic analgesics (e.g., methadone
or fentanyl transdermal patches). Yet,
none of these treatments has proved
to be effective in clinical trials. 

In one particular study conducted
by the ACTG (ACTG 242), researchers
compared amitriptyline and mex-

ilitine, either as single agents or in com-
bination with placebo (Kieburtz, 1998).
In an interim analysis conducted after
170/240 patients were accrued, no sig-
nificant difference was seen between the
treatment and placebo arms. The study
was terminated early as a result of the
researchers’ prediction that no difference
would be seen at study completion. 

Lamotragine, a novel anticonvulsant,
has shown to be effective in a small place-
bo-controlled trial involving hiv-infected
patients with dsp (Simpson, 2000). A larg-
er study is in progress.

With respect to “alternative” or “com-
plementary” approaches to managing neu-
ropathic symptoms, Dr. Simpson pointed
out that many patients avail themselves
of these modalities in the face of limited
recognized options. “We have patients who
have tried peptide T, acupuncture, medi-
tation, L-carnitine, alpha-lipoic acid, and a
slew of other complementary approach-
es,” he pointed out. “Unfortunately, there’s
not much data to prove their worth and, in
fact, some might be dangerous.” 

A study of Peptide T for treatment of
neuropathy showed no benefit from the
drug (Simpson, 1996). Nor was there any
benefit associated with acupuncture ther-
apy in a study conducted by the Commu-
nity Program for Clinical Research on aids
(cpcra) (Shlay, 1998). As for vitamin B6,
high-dose pyridoxine therapy has been as-
sociated with ataxia and severe sensory
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dysfunction in some patients (Schaum-
burg, 1983). Explained Dr. Simpson: “the
only role for pyridoxine supplementation is
with isoniazid treatment for tuberculosis.” 

Topical agents, including capsaicin and
lidocaine, may offer some relief to patients
with dsp. Encouraging results were report-
ed by a team that included Dr. Simpson in
an open-label study of 5% lidocaine gel (Li-
doderm) in 30 patients with painful dsp
(Dorfman, 1999). “The results of this study
were very encouraging,” Dr. Simpson said.
“Approximately three-quarters of the par-
ticipants showed significant relief upon ap-
plying the gel to their feet. The same group
recently completed a placebo-controlled
trial of the gel and these data are now un-
der analysis.” Lidoderm is now commer-
cially available in the United States, is rel-
atively nontoxic, and easy to use. 

As for recombinant human nerve growth
factor (ngf), results from clinical trials have
been mixed and difficult to interpret. Results
of a clinical trial involving hiv-infected pa-
tients were published this year. The results
of another study enrolling patients with di-
abetic dsp were reported in April 1999. 

The hiv-related neuropathy study of ngf
(ACTG 291) was conducted by Dr. Justin Mc-
Arthur and his colleagues (McArthur, 2000).
In the trial, 270 patients with dsp were
randomized to receive either a placebo or
one of two doses of ngf. The study lasted for
18 weeks and required that all study vol-
unteers self-inject ngf twice daily. While
volunteers who received either dose of ngf
saw their pain decrease during the study,
the drug did not appear to improve their
neurological function and failed to show
evidence of nerve repair. Dr. McArthur’s
team commented that it can take at least 18
weeks to repair damaged nerves and that
the study might not have been long enough
to test the true benefit of the drug. 

For people with diabetes, two large stud-
ies have been conducted. While the results
of the manufacturer’s first study involving
diabetics seemed to paint an optimistic pic-
ture, results of a larger trial completed last
year were sobering. The second trial, con-
ducted in more than 1,000 diabetics who
received either ngf or placebo, lasted for 48
weeks. Even though the drug was continued
for seven months longer than the hiv study,
ngf still failed to show evidence of nerve re-
generation or improved function. 

Based on the lackluster hiv and dia-
betes study results, Genentech has decided
to cease development of the drug. “We sim-

ply don’t know if we’ll be able to continue
studying this agent,” Dr. Simpson said.

Conclusion
in his concluding remarks, dr. simpson
provided a subtle yet crucial reminder: “Ed-
ucating ourselves, as clinicians, and our
patients about neurologic disease is a pri-
mary goal we must continue to strive to-
wards. At the same time, clinicians must at-
tempt to identify risk factors for any of the
neurologic complications discussed here.
As for treatment, symptom management
will always be important. But we must con-
tinue to focus on pathogenesis-based ther-
apies, including those currently under de-
velopment.” 
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