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A New Challenge for the Neuroradiologist: MR Recognition of
Mitochondrial Dysfunction in Children Born of HIV-Seropositive

Mothers on Antiretroviral Therapy

In their intriguing article “Cerebral Magnetic Reso-
nance Imaging in Children Born to HIV-Seropositive
Mothers and Perinatally Exposed to Zidovudine,”
Blanche et al (1) raise our awareness about a rare but, in
their view, potential complication of zidovudine (3�-
azido-2�, 3�-dideoxythymidine [AZT]) therapy in this
patient population—namely, infant mitochondrial dys-
function. These investigators challenge us as neuroradi-
ologists to be “gatekeepers,” asking us to recognize MR
imaging abnormalities that might be due to acquired
mitochondrial dysfunction in this particular setting.
They ask us to include AZT-induced mitochondrial dys-
function in our differential diagnosis of white matter
abnormalities, brain stem and gray matter signal inten-
sity changes, and atrophy seen on MR images obtained
in infants and children (1). The hope is that with this
increased awareness and MR “monitoring” the true
incidence of these complications might be recognized
and children could then be followed appropriately. In
addition, future positive therapeutic options might be
advanced as a result of these findings.

Make no mistake, however, the authors are not dis-
puting the unquestioned dramatic and positive impact
of AZT therapy on infants in this setting. By no means
are the authors advocating discontinuation of this ther-
apy, nor are they saying that their conclusions are pos-
itively proved. Acknowledging both the numerous limi-
tations of their retrospective study and the controversy
around this hotly debated issue, the authors seek, rather,
to raise our consciousness about this important issue
and encourage future investigations.

So what facts should the reader know before mak-
ing a judgment about this article? What has been
“scientifically proved” in the past, and what remains
to be explored? On the basis of the scientific litera-
ture, here is what we do know and what seems non-
controversial. AZT therapy administered orally to
mothers 14–38 weeks antepartum, intrapartum (via
intravenous versus oral route) and to the infant orally
(4 hours vs. up to 6 weeks) has resulted in a dramatic
decrease in HIV transmission to the infant born of an
HIV-seropositive mother (2, 3). When combined with
caesarian section, the HIV transmission rate has been
reduced from approximately 33.3% to �2% (3). One
of the first reports of this efficacy of AZT, a nucleo-
side analog reverse transcriptase inhibitor, appeared
in the February 1994 issue of the New England Journal
of Medicine (2). In that article, Connor et al (2),
reporting on the results of the Pediatric AIDS Clini-
cal Trials Group Protocol (PACTG 076), found that
the maternal-to-infant transmission of HIV type 1
was significantly reduced (by about two-thirds) with
AZT therapy. This was indeed welcome news, be-

cause it had previously been reported by Blanche et al
in the same journal in 1989 that by 18 months of age
about one-third of infants born to HIV-positive moth-
ers would become HIV positive (4). Some of these
infants would go on to develop AIDS, and one-fifth of
this cohort would die (4). Fortunately, in the study by
Connor et al (PACTG 076) no short-term toxic ef-
fects were found in mothers and infants treated with
AZT (2). Nevertheless, the concern for long-term
adverse effects on the developing infant persisted.

Anecdotal data and circumferential evidence bol-
stered by animal model studies suggested the possi-
bility that AZT could induce mitochondrial dysfunc-
tion in the HIV-exposed but uninfected infant (5). In
a study by Gerschenson et al, Erythrocebus patas
monkeys exposed in utero to AZT resulted in both
cardiac and skeletal muscle mitochrondial injury (6).
The theory was that AZT became incorporated into
both nuclear DNA and mitochondrial DNA
(mtDNA), which then caused chain termination,
leading to depletion and/or deletions (6). This process
was noted to be akin to that seen in genetic mitochon-
drial disorders in humans, which is observed in 0.01%
of the general population as compared with the
higher 0.26% 18-month incidence reported in unin-
fected children exposed to antiretrovirals because of
maternal HIV positivity (5). Genetically induced mi-
tochondrial defects are thought to result from a mu-
tation or deletion in mtDNA and cause impaired
ATP (adenosine triphosphate) production. Because
aerobic metabolism is thereby affected by this mito-
chondrial damage, a defect in energy metabolism oc-
curs (7). This process has also been noted to share
similarities with what is observed in adults with AIDS
on long-term AZT therapy—namely, myopathies of
skeletal and cardiac muscle, with muscle weakness,
wasting, and fatigue and with marked phosphocre-
atine depletion, which can be observed on spectros-
copy (6). Although these effects in adults have been
reported to be reversible following cessation of AZT
therapy, the fear was that, in the developing fetus and
infant, neurobehavioral and other changes due to
mitochondrial dysfunction and cellular respiration
might not be reversible (6). In 1999 in Lancet, a
warning concerning the use of antiretroviral nucleo-
side analogs was made by Blanche et al that mito-
chondrial toxic effects might develop as a result of the
perinatal use of AZT alone combined with lamovu-
dine to prevent mother-to-child HIV transmission
(8). In eight HIV-negative children, mitochondrial
dysfunction developed months or years after cessa-
tion of antiretroviral therapy (8). Documentation of
mitochondrial dysfunction was obtained from differ-
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ent tissues by spectophotometry and polarography of
respiratory chain complexes (8); however, another
study, by Culnane et al, also published in 1999,
reached the opposite conclusion (9).

Drawing from the original cohort from the Pediat-
ric AIDS Clinical Trials Group Protocol 076, a new
long-term observational protocol was developed, pro-
tocol 219 (PACTG 219) (9). Investigators followed
234 uninfected children (born to HIV-infected
women enrolled in Protocol 076) every 6 months for
2 years and then prn. One hundred twenty children
were identified as being from the AZT group and 112
from the placebo group (9). Monitoring of growth
and development, immune status, cognitive function,
neoplasm occurrence, and mortality led to the con-
clusion that there were no adverse effects in those
uninfected children exposed to AZT in utero and
perinatally (9). Despite the follow-up ranging from
3.2 to 5.6 years, (median 4.2 years), and a subsequent
report indicating in the U.S. cohorts no clear evidence
for mitochondrial dysfunction in children dying be-
fore age 5 (10), caution was advised and longer fol-
low-up was encouraged (9).

In 2003 another red flag was raised in a study
comparing the children (n � 30) of HIV-negative
mothers to both the children (n � 10) of HIV-positive
mothers who had AZT therapy as well as to the
children (n � 10) of HIV-positive mothers without
AZT therapy (11). Loss of mtDNA and telomere
injury was determined by examination of cord blood
leukocyte DNA as well as from peripheral blood
leukocyte DNA obtained at 1 and 2 years of age (11).
Although evidence of mitochondrial dysfunction was
in fact found in children of HIV-positive mothers not
on AZT therapy, mtDNA abnormalities were never-
theless even greater for those children of HIV-posi-
tive mothers who had been treated with AZT (11). A
persistent depletion of mtDNA due to AZT focused
attention on the need for longer-term assessment of
potential delayed toxic effects of AZT on child devel-
opment (11–13). The concern for functional damage
to the exposed child due to interference with CNS
circuitry was raised (12). Because differentiation and
synapse formation of neurons has been postulated to
continue for several years postnatally, the final match
up of pre- and postsynaptic neurons was felt to be
possibly at risk with such exposure (12). Barret et al
echoed these sentiments (5). Drawing from a large
French pediatric cohort and from complimentary in-
vestigations, 12 children were found in whom the
development of neurologic symptoms, abnormal MR
imaging findings, and/or a significant hyperlactatemia
episode appeared to provide circumstantial evidence
for mitochondrial dysfunction in those exposed peri-
natally to antiretroviral therapy (5).

The current article by Blanche et al in this issue of
the AJNR addresses these concerns further and ex-
amines the potential of MR imaging to capture
abnormalities of the CNS that might be caused by
AZT-induced mitochondrial dysfunction (1). Retro-
spectively examining the MR imaging in 49 unin-
fected children who had been exposed perinatally to

antiretrovirals, the authors found MR abnormalities
in 16 of 22 children with established or probable
mitochondrial dysfunction and eight of the 27 either
with unexplained neurologic symptoms or asymptom-
atic (1). MR abnormalities, (confirmed by two inde-
pendent rounds of analysis performed by different
individuals with good kappa coefficient consensus),
were similar to those reported for genetically based
mitochondrial dysfunction (7); namely, diffuse T2 hy-
perintensities in the white matter, T2 hyperintensities
in the pontine tegmentum, and (less commonly) at-
rophy and necrosis in the white matter and basal
ganglia involvement (1).

After reading this investigative work, we should ask
ourselves whether there are limitations to this study.
The answer is, yes; numerous limitations. Should this
deter us from learning from this thought-provoking
study or from pushing forward to develop a more
controlled and prospective investigation with more
rigidly defined MR and clinical criteria? Absolutely
not! If anything, this study raises our awareness and
challenges us to expand this type of very important
investigation. The authors should be congratulated
for doing this important initial and original work.

Surely, most this study’s limitations can be over-
come. Some of those limitations, also acknowledged
by the authors, include the lack of a control popula-
tion; the relatively nonrigorous manner in which the
MR images were obtained; the lack of uniformity in
MR units and MR pulse sequences; the lack of clear-
cut criteria for obtaining both the initial and fol-
low-up images; the difficulty in documentation of
“pathologic” white matter T2 hyperintensities in chil-
dren under 2 years of age, (i.e., the difficulty in gaug-
ing myelin maturation in infants); the possible impact
of confounding factors on MR findings (such as ma-
ternal substance abuse, prematurity, low birth weight,
etc); the lack of uniformity in antiretroviral regimens;
the differences in geographic origins of the mother
and the possible differences in maternal HIV strains;
the influence, if any, of HIV-induced mitochondrial
dysfunction in the mother of the HIV-negative but
AZT-exposed child; and the lack of a prospective study.

Despite these limitations, as neuroradiologists we
have an opportunity to help determine whether MR
abnormalities can be seen in the HIV-negative infant
born to an HIV-positive mother on antiretroviral
therapy, and we have an opportunity to determine
whether they are reversible, or even preventable.

We should not be daunted in this task by those who
think we might be facing a moral dilemma. We are
not! We do not have to ask what the trade-offs in
quality of life are between the infant who may become
HIV infected through placental transmission from an
untreated HIV-positive mother and who may then
suffer the life-long adverse effects of HIV infection
and the HIV-negative infant who might acquire AZT-
induced mitochondrial dysfunction and suffer its pos-
sible adverse side effects (e.g., muscle, cardiac, and
CNS abnormalities). We do not have to engage in a
“numbers game;” that is, that there would be a sta-
tistically significantly greater number of children ad-
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versely affected with HIV if no antiretrovirals were
given to the mother as opposed to the very small
number of children who might suffer from the poten-
tial consequences of AZT-induced mitochondrial dys-
function. This is not the issue at all.

The issue is whether can we learn from these very
respected and highly esteemed investigators who have
made very important MR observations and who want to
explore further all the ramifications of these observa-
tions for a very small subset of patients in the hope of
further averting the long-term sequelae of these adverse
effects. We definitely can learn from this investigation
and can further expand on its challenges.

Blanche et al have “opened our eyes” to a new diag-
nostic possibility when we observe certain MR abnor-
malities in infants and children. More importantly, they
have impelled us to study this issue further. Just think
what we could learn from a large multinational prospec-
tive investigation of this particular patient population
with rigid clinical and MR criteria, with standardized
MR techniques, with the inclusion of control subjects,
and with the addition of serial proton MR spectroscopy.
The addition of proton MR spectroscopy to the conven-
tional MR workup would be critical to the detection of
biochemical abnormalities (such as the presence of lac-
tate) and to the documentation of their reversal or
elimination following changes in therapeutic manage-
ment in this very small subset of HIV-negative infants
born to medically treated HIV-positive mothers. The
thought of what we could learn from such a prospective
study and the potential benefits of this information to
patient care are too good to pass up!

M. JUDITH DONOVAN POST
Member, Editorial Board
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Perinatal Exposure to Antiretroviral Agents: Risks and Benefits

In the United States, approximately 7000 infants
are born to HIV-infected women each year. Before
1994, between 20% and 30% of these infants became
infected with HIV and developed a chronic HIV
infection with a shortened life expectancy. In 1994,
results of a multicenter Pediatric AIDS Clinical Trials
Group placebo-controlled study of zidovudine given
during pregnancy, labor and delivery and to the infant
for 6 weeks showed reduction of perinatal transmis-
sion of HIV by 67% (1). Following the release of
these study results, the U.S. Public Health Service
(USPHS) Task Force recommended the use of
zidovudine during pregnancy for reduction of perina-
tal transmission (2). The USPHS Task Force no
longer recommends monotherapy as optimal treat-
ment for HIV infection, but continues to include
zidovudine as a part of combination antiretroviral
therapy given to women during pregnancy both for
their own health and for reduction of perinatal trans-
mission (3). This approach has been extremely suc-
cessful and has reduced perinatal transmission of

HIV in the United States to between 1% and 4% (4,
5). This decrease in perinatal transmission of HIV has
also resulted in a 66% reduction in the number of
cases of pediatric AIDS reported in the United States
between 1993 and 1997 (6).

In addition, short-course zidovudine alone or in
combination with lamivudine has been successful in
decreasing perinatal transmission by 40–50% in de-
veloping countries (7–9). This success in preventing
HIV infection in thousands of infants is, however,
also associated with the risk of exposure to drugs with
unknown long-term toxic effects. Short-term studies
in the United States and Europe of cohorts of infants
who were exposed to zidovudine have been reassur-
ing, with no increase in congenital anomalies, cancer
incidence, or preterm delivery compared with unex-
posed controls. There were also no significant differ-
ences in immunologic parameters, growth, or neuro-
development (10–13).

In 1999, however, Blanche et al (14) reported mi-
tochondrial dysfunction in eight of 1754 infants who
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had been exposed to nucleoside analogues including
zidovudine (ZDV) and lamivudine (3TC) in utero or
post partum. Two of these infants developed serious
neurologic disease and subsequently died. This
prompted investigators to look for similar cases in
HIV-exposed but uninfected infants. Mitochondrial
toxicity in children may be manifested as skeletal
muscle and cardiac muscle changes, lactic acidosis,
progressive neurologic disease, growth failure and
liver, kidney or pancreatic disease (15). The French
Perinatal Cohort Study group evaluated 2644 HIV-
negative children exposed to antiretrovirals for symp-
toms compatible with mitochondrial dysfunction.
Twelve children were symptomatic: 10/12 had abnor-
mal MR images, 7/12 had an episode of hyper-
lactemia, and 11/12 had a profound deficit in one of
the respiratory chain complexes. This represents an
18-month incidence for neuromitochondrial disease
of 0.26% compared with 0.01% in the general popu-
lation (16). A large retrospective study undertaken by
the Perinatal Safety Review Working Group evalu-
ated five large cohorts of infants in the United States
comprising more than 20,000 children, half of whom
had been exposed to antiretroviral agents: 223 deaths
occurring in children less than 60 months of age were
reviewed, and evidence for mitochondrial dysfunction
as a factor in these deaths could not be established
(17). A prospective study of echocardiograms ob-
tained over the first 5 years of life from 382 HIV-
negative children born to HIV-infected women did
not show evidence for mitochondrial toxicity (18).

There is ample evidence in the literature for mito-
chondrial dysfunction induced by nucleoside ana-
logues. Although these drugs inhibit the viral reverse
transcriptase, they can also inhibit other DNA poly-
merases, including mtDNA polymerase gamma. Inhi-
bition of this enzyme can result in depletion of the
mitochondrial DNA (mtDNA) and mitochondrial
dysfunction (19). Gerschenson et al (20, 21) demon-
strated fetal mitochondrial heart and skeletal muscle
damage in Erythrocebus patas monkeys exposed in
utero to ZDV alone or in combination with 3TC.
Poirier et al (22) studied three groups of uninfected
infants for markers of mitochondrial toxicity; those
born to HIV-negative women (n � 30) and those
born to HIV infected women (n � 20) who either
received no antiretroviral therapy (n � 10) or zidovu-
dine during pregnancy (n � 10). This study demon-
strated that zidovudine causes depletion in mtDNA in
infants that can persist up to 2 years. Alimenti et al
(23) prospectively measured plasma lactate in a group
of 38 HIV-negative infants exposed to antiretroviral
therapy to investigate the incidence of potential mi-
tochondrial toxicity. Plasma lactate was elevated on at
least one determination in 35/38 children followed
over the first 6 months of life, with 10 having higher
levels (�5 mmol/L). The clinical significance of these
findings is uncertain.

In this issue of the AJNR, Blanche et al describe a
cohort of 49 infants exposed in utero and perinatally
to antiretroviral agents for reduction of HIV trans-
mission from mother to infant. None of the infants

was infected with HIV. All the infants received treat-
ment with nucleoside reverse transcriptase inhibitors
in the postpartum period. Of these, 49 received
zidovudine and 34 received zidovudine in addition to
lamivudine. Seventeen of these children had exposure
to other antiretroviral agents that were not specified.
Twenty-two children had evidence for mitochondrial
dysfunction, with 18 having neurologic symptoms.
Twenty-seven children had no known mitochondrial
dysfunction, and of them 14 had neurologic symptoms
similar to those found in the group with mitochon-
drial dysfunction. Seven had persistent biochemical
abnormalities by laboratory testing, and six were
asymptomatic. MR imaging showed abnormalities of
the brain in all but six of the children with mitochon-
drial abnormalities; in the 27 infants with no mito-
chondrial dysfunction, eight showed MR imaging ab-
normalities. It will be important to follow up these
children to determine the long-term significance of
these MR imaging abnormalities. The findings in this
study suggest that some infants exposed to antiretro-
viral agents including zidovudine and lamivudine may
develop mitochondrial toxicity and resultant neuro-
logic or neurodevelopmental abnormalities.

These findings emphasize the importance of both
short-term and long-term follow-up for infants ex-
posed to antiretroviral therapy. In the United States,
the Pediatric AIDS Clinical Trials Group funded
through the National Institutes of Health has estab-
lished a long-term follow-up protocol that includes
both infected and uninfected children exposed to an-
tiretroviral agents in utero. These children have been
followed up since the opening of this protocol in 1993,
and new infants continue to be accrued into this
study. After 1994, women were offered monotherapy
with zidovudine for reduction of perinatal transmis-
sion (2). With the introduction of newer antiretroviral
agents, however, drugs acting at different points in
the HIV replicative cycle are being used in combina-
tion and include nucleoside reverse transcriptase in-
hibitors, nonnucleoside reverse transcriptase inhibi-
tors, and protease inhibitors. Thus, continued
follow-up of infants exposed to antiretroviral agents is
imperative.

At present, serious neurologic toxicity has been
reported in small numbers of infants exposed to
zidovudine or lamivudine. There is an emerging da-
tabase of information regarding mitochondrial dys-
function in HIV-negative, antiretroviral-exposed in-
fants. There is immediate need for prospective,
controlled studies of HIV-exposed infants with the
goal of better defining toxicities, including mitochon-
drial abnormalities, their incidence, and their long-
term consequences. If abnormalities occur, are they
transient or will they persist, possibly resulting in
long-term effects? Elective caesarian section is an-
other technique that reduces the risk of perinatal
transmission and is routinely offered to women in the
United States whose viral load is greater than 1000
copies/mL at the time of delivery (24, 25). Current
recommendations for the treatment of the pregnant
woman with HIV infection include combination ther-
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apy using at least three drugs (3). Women with low
(�1000 RNA copies/mL) or undetectable viral loads
in their plasma have a very low risk of perinatal
transmission of HIV (26). This raises the question of
whether infants born to women with a very low or
undetectable viral load need 6 weeks of treatment
after delivery for prevention of HIV, or could this
course be shortened, thus decreasing exposure to
these agents? A combined intervention similar to that
used for prevention of hepatitis B infection in neo-
nates whose mothers are infected with hepatitis B by
using hyperimmune immunoglobulin along with vac-
cine at birth may be useful in HIV as well (27, 28).
HIV hyperimmune immunoglobulin or monoclonal
antibodies directed against HIV proteins given at
birth along with an HIV vaccine, once such a vaccine
is available, might be an alternative effective strategy.
It is imperative that research dollars be available to
answer these important questions. We have made
significant strides in prevention of perinatal transmis-
sion of HIV, but this must be accomplished by using
the safest, most efficacious methods available.

It is important to weigh the benefits of antiretrovi-
ral therapy against the risk of an adverse event occur-
ring in the woman, the fetus, or the neonate. World-
wide, about 600,000 perinatal HIV infections occur
yearly. Use of simple short-course therapeutic regi-
mens in developing countries can prevent between
40–50% of these cases. Dr. Lynne Mofenson of the
National Child Institute of Health and Child Devel-
opment stated in an editorial, “Given the fatal nature
of HIV infection, any long-term risk entailed by the in
utero or neonatal exposure of children to antiretrovi-
ral drugs would have to be profound, occur early in
life, and occur in a substantial proportion of those
exposed to outweigh the proved benefit of antiretro-
viral prophylaxis in reducing perinatal transmission of
HIV”. Current information does not seem to justify
changing current recommendations for reduction of
perinatal transmission of HIV. Further research to
define the spectrum of toxicities and to better under-
stand the mechanism of the mitochondrial effects of
these drugs is, however, essential.

GWENDOLYN B. SCOTT
Guest Editorialist

Department of Pediatrics
University of Miami School of Medicine

Miami, FL
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In Vivo Neuroanatomy and Objectivity

An article on neuroanatomy may not be the highest
priority in our daily deluge of reading material; what
part of human anatomy is new, anyway? Hasn’t it all
been pretty well described (and learned) by now?
Didn’t Vesalius and da Vinci put all this to rest
centuries ago?

There’s always room for fine-tuning. The article in
this month’s AJNR by Demondion et al refocuses our
attention on an anatomic area we might have thought
we already knew pretty well. The reason to look more
deeply into the neuroanatomy of the dorsal root of
the spinal nerve lies in the increasing frequency with
which interventional neuroradiologists are asked to
access those structures to provide pain relief and
deliver a more precise preoperative diagnosis and
help ensure successful ultimate surgical outcomes.
Demondion et al point out the pertinent anatomy of
the region of the dorsal root and locations of exact
nerve injection sites useful for CT or fluoroscopic
guidance. Excellent CT and gross anatomic sections
correspond with sharp photographic details of the
posterior ramus, dorsal root ganglion, and associated
tissues. Theirs is a nice, detailed piece of work, espe-
cially the images.

The imaging techniques, CT and fluoroscopy (or
CT fluoroscopy), and the depiction of the pertinent
neuroanatomy are what separate the neuroradiologist
as pain therapists from the other specialists who per-
form these nerve root blocks and facet blocks blindly,
by using surface anatomic features. It would be hoped
that our approach might yield better results in evi-

dence-based medicine, but of course, this all remains
to be proved, one hopes, by large clinical trials by the
next generation of neuroradiologists.

With reference to the specific application of the
anatomic information contained in this article to the
art of spinal nerve root sleeve blocks and facet blocks,
this detailed information will help the practitioner
increase his or her accuracy and possibly stay out of
trouble. It is often unavoidable not to place a needle
tip into one of those small blood vessels that inhabit
the nerve root foramen, but it is important to know
they might be there and to take some steps to be sure
your needle is not in one before injection. This can
take the form of simply drawing back on the needle to
see whether there is any blood flow or a test injection
of a tiny amount of nonionic contrast medium before
the lidocaine or steroid injection. Also, knowing the
relative size of the nerve root foramen or the capacity
of the facet joint that is the target structure is always
helpful in choosing the optimal amount of contrast
material to inject, because one seeks to inject enough
to get the job done but not too much to flood the
region and render the specificity of the targeted in-
jection moot.

So, neuroanatomy is important, and good solid
basic scientific articles like this one need to be part of
our continued reevaluation of the human nervous
system.

F. REED MURTAGH

Member, Editorial Board

“Dilated Perivascular Spaces: A Hallmark of Mild Traumatic
Brain Injury”—A New Paradigm?

The ability to diagnose moderate to severe intracra-
nial trauma accurately has traditionally been the do-
main of CT in the emergent setting (1). MR imaging
has enhanced diagnosing shearing injuries (gradient
echo imaging), subtle extraaxial hemorrhages (sec-
ondary to its multiplanar capabilities and superb soft
tissue contrast), and subarachnoid hemorrhage (fluid-
attenuated inversion recovery [FLAIR] pulse se-
quence). Even so, the ability to detect mild and subtle
trauma continues to be an enigma. In this issue of the
AJNR, Inglese et al have elegantly described that
dilated perivascular spaces (PVSs, also known as Vir-

chow-Robin spaces) in the deep white matter on
T2-weighted images are often seen in patients with
mild traumatic brain injury (TBI), a finding not pre-
viously reported. Enlarged PVS was defined as
greater than 2 mm. The authors also proposed that an
inflammatory component is a contributing etiology to
the dilated PVS.

This study compared MR findings in 24 patients,
18–50 years of age, with mild TBI, along with a
control group. The TBI group was further subdivided
into early MR imaging (15 patients imaged 1–9 days
from the date of the initial trauma) and late MR
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imaging (nine patients imaged 0.6–13.4 years from
the date of initial trauma), with the control group
similarly subdivided. The number of dilated PVSs was
analyzed as were cerebral and CSF volumes. Thin-
section MR imaging (3-mm contiguous cuts) with a
high matrix was obtained on a 1.5T unit using T1-
weighted, T2-weighted, and FLAIR pulse sequences
with volumetric image analysis performed on a Sun
workstation with in-house–developed Multimodal
Image Data Analysis System (MIDAS) software. The
average number of PVSs in TBI patients was signifi-
cantly higher (7.1) than in the control group (2.4).
The number of PVSs did not correlate with brain or
CSF volumes, the age of the patients, or the elapsed
time from injury in the TBI group, reflecting early
and permanent brain changes.

The etiology for dilated PVS is nonspecific and has
been described in the normal population. It has been
associated with aging, neurosarcoidosis, cryptococcus,
mucopolysaccharidosis, and recently, in early MS (2).
Dilated PVS as a marker for early and permanent
findings in patients with mild TBI is novel and may
add to the radiologic imaging armamentarium; how-
ever before this becomes dogma, more-detailed anal-
ysis is needed. The authors examined only 24 patients
and lacked baseline MR imaging studies before the
trauma and neuropsychological testing, factors they
have acknowledged. Serial studies with larger num-
bers are needed to validate the authors’ findings.
Retrospective studies analyzing for dilated PVS in
both mild and severe trauma will also be helpful. The
study is further limited because contiguous 3-mm
sections without interleaving were obtained; the po-
tential for cross-talk artifact was not addressed.

The etiology of dilated PVS with TBI is speculative.
The authors provide references to experimental and
human studies to support the theory of the inflamma-
tory cascade being at least a contributing factor for
enlarged PVS in patients with mild TBI, superim-
posed on shear strain as the etiology (3, 4). The
authors state that histologic data are missing and that
further work is necessary. Imagine the possibility of
limiting or negating the traumatic brain response with
early antiinflammatory treatment. Inglese et al pre-
dict that the use of higher-field-strength magnets with
a higher matrix or resolution will lead to better visu-
alization and quantification of high convexity VRS.
This manuscript “stirs the pot,” both from an imaging
point of view and in terms of potential therapeutic
treatment of mild posttraumatic findings depicted by
MR imaging.

GREGORY CHALJUB
Guest Editorialist

Department of Radiology
University of Texas Medical Branch

Galveston, TX
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Diffusion Tensor Tractography: Exploring the Cost-Benefit Ratio
of Incorporating CSF Suppression into Fiber Tracing Algorithms

Recent advances in the imaging of water diffusion
have led to the development of diffusion tensor im-
aging (DTI) (1–3), which uses the properties of water
diffusion to provide information about the integrity,
location and orientation of white-matter tracts in
brain. DTI presents an exciting new opportunity not
only for examining brain microstructure in various
disease states, but also for studying functional
connectivity.

DTI exploits the fact that diffusion of water mole-
cules in white matter is constrained, or anisotropic,
moving preferentially along the primary axes of fiber
tracts. Diffusion tensor data are represented in each
voxel as a 3D ellipsoid, reflecting the rate of diffusion
along the ellipsoid’s three principal axes. Voxels
along fiber pathways tend to form lines along these
pathways. By connecting the long axis of each ellip-
soid between given starting and end positions, one
can trace the structure of fiber tracts.

There are several problems associated with quantita-

tive DTI tractography which need addressing before
fiber tractography becomes a clinical reality. For in-
stance, there is no reference standard yet for in vivo
tractography. DTI requires extensive computing power,
man-hours, and expertise. DTI also suffers from the
same artifacts and limitations associated with acquiring
DWI data, including motion artifact-induced ghosting,
eddy current misregistration errors, and signal intensity
loss due to susceptibility variations.

In the March issue of the AJNR, Chou et al (4)
address an important aspect of susceptibility artifact
in DT tractography by investigating the effects of CSF
suppression by using FLAIR in normal adult brains.
Drawing on the experience of DWI studies, they com-
pare diffusion tractography incorporating FLAIR
with DT tractography based on conventional spin-
echo echo-planar technique. Several DWI studies
have already shown that partial volume effects from
CSF result in overestimation of ADC and underesti-
mation of diffusion anisotropy in regions prone to
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partial volume effects. Many of these same studies
also show that suppressing CSF signals by incorporat-
ing FLAIR eliminates many of the inaccuracies in
ADC and anisotropy measurements in susceptible
brain regions (5–7).

The authors hypothesize that diffusion-tensor trac-
tography might benefit from CSF suppression in sus-
ceptible brain regions since fractional anisotropy
measurements also show improvement. Fiber track-
ing algorithms are however strongly dependent on
SNR, which is diminished with FLAIR. Therefore,
the premise of Chou et al’s study is to investigate
whether there is any net benefit in incorporating
FLAIR into DTI fiber tracking, since the benefits
from improved anisotropy measurements may be off-
set by loss of SNR.

In their study, Chou et al demonstrate a clear
advantage in using CSF suppression for detecting
fiber tract volume in periventricular regions. What
remains to be determined, however, is whether the
loss in SNR with FLAIR limits tractography in re-
gions relatively free of CSF contamination. Whereas
SNR is not as important in the calculation of diffusion
coefficient values with conventional DWI, it is per-
haps the most important determinate in fiber track-
ing, aside from anisotropy measurements.

The incorporation of CSF suppression for tractog-
raphy may ultimately be used in a situation-specific
manner, depending on the specific research or clinical

question at hand. Chou et al’s thorough study pre-
sents a first convincing argument for the role of CSF
suppression in tractography involving periventricular
pathways. It will be important to learn whether CSF
suppression limits or facilitates tractography in other
brain regions likely to be involved in various disease
states, injury, aging, and functional studies.

CHRISTOPHER D. LASCOLA
Guest Editorialist

Brain Imaging and Analysis Center
Duke University Medical Center
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