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Summary: We describe the use of serial transcranial Dopp-
ler studies to evaluate neurovascular disease in three girls
presenting with acute stroke due to primary cerebral vas-
culitis (n � 2) and West Nile vasculitis (n � 1). Correlation
of abnormal findings on transcranial Doppler sonography
was compared with those of MR angiography and conven-
tional angiography in each child. All three girls had left
middle cerebral artery infarcts on MR imaging, with an
abnormal left middle cerebral artery detected by MR an-
giography, conventional angiography, and transcranial
Doppler sonography in each child. In all three cases, find-
ings of the transcranial Doppler sonography, MR imaging,
and catheter angiography were concordant.

The use of transcranial Doppler sonography is well
established in the evaluation of many neurovascular
conditions ranging from sickle cell vasculopathy to
brain death. However, its use in cerebral vasculitis is
less well documented, particularly in the pediatric
population (1–3). Cerebral vasculitis (or small-vessel
vasculopathy) presents most often with headache or
acute stroke. Although these causes are rare in chil-
dren, cerebral vasculitis can be due to postinfectious,
autoimmune, idiopathic causes; connective tissue dis-
orders; or hyperocclusive states (4). Furthermore, to
our knowledge, cerebral vasculitis with acute stroke
due to West Nile virus has never been previously
reported in the pediatric population (5–7). Anatom-
ical vascular changes are best characterized with con-
ventional catheter angiography or MR angiography,
procedures that can be invasive and may require se-
dation (8). Adjunctive performance of transcranial
Doppler sonography provides physiologic informa-
tion regarding neurovascular velocity measurements,
which are not available using other radiologic
procedures.

Aggressive therapy is implemented with the goal of
preventing recurrence or progression of stroke, and
treatment may include aspirin, high-dose steroids,
and cyclophosphamide (9). Because progression of
stroke or recurrent stroke is the only measure of
failed therapy or worsening disease, monitoring these
children closely with transcranial Doppler sonogra-
phy is useful (1, 2).

Case Reports

Case 1
A 7-year-old girl presented with headache, right hemipa-

resis, aphasia, and facial droop. History and physical exam-
ination were remarkable only for findings consistent with
acute stroke. Findings of emergent outside CT without con-
trast material were normal. Acute left middle cerebral artery
stroke was identified the following day with MR imaging
performed at 1.5T (spin-echo sagittal and axial T1-weighted,
axial T2-weighted, coronal fluid-attenuated inversion recov-
ery, axial diffusion-weighted b-1000 images, and apparent
diffusion coefficient mapping). Standard 3D time-of-flight
MR angiography (TR/TE, 45/5.8 or 5; section thickness, 0.8
or 1 mm) and transcranial Doppler sonography (5.3- and
4.2-MHz phased-array transducers, transtemporal approach,
color and spectral Doppler without angle correction) were
also performed, followed by conventional angiography 2
days after presentation. Findings of MR angiography, trans-
cranial Doppler sonography, and conventional angiography
were all abnormal in the left middle cerebral artery and
internal carotid artery distributions. Transcranial Doppler
sonography revealed increased peak systolic velocities,
whereas MR and conventional angiography demonstrated
vascular irregularity (Fig 1). Left anterior cerebral artery
disease was detected on MR and conventional angiography,
but not on transcranial Doppler sonography. Results of
evaluation for infection (sedimentation rate, C-reactive pro-
tein, white blood cell count), collagen vascular disease, hy-
percoagulable states, and other conditions that may predis-
pose to stroke or vasculitis were unremarkable. A diagnosis
of primary (idiopathic) cerebral vasculitis was made, and
treatment initially included aspirin, steroids, and cyclophos-
phamide. A gradual decrease in peak systolic velocity was
observed on transcranial Doppler sonography over 28
months, which correlated with improvement on MR and
conventional angiography. Cyclophosphamide was stopped
February 2002; the child was weaned from steroids June
2002 and is stable without recurrent stroke after 36 months
of clinical follow-up.

Case 2

A 12-year-old girl presented with headache, slurred speech,
nausea, and vomiting. As in the first case, history and physical
examination were unremarkable other than findings related to
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acute stroke suggested by outside CT and confirmed with
MR imaging the following day. MR angiography and trans-
cranial Doppler sonography were also performed, followed
by conventional angiography 2 days after presentation. Find-
ings of transcranial Doppler sonography, MR angiography,
and conventional angiography were all abnormal in the left
middle cerebral artery, internal carotid artery, and anterior
carotid artery distributions, showing increased peak systolic
velocity and vascular irregularity (Fig 2). Results of evalua-
tion for infection (sedimentation rate, C-reactive protein,
white blood cell count), collagen vascular disease, hyperco-

agulable states, and other conditions that may predispose to
stroke or vasculitis were unrevealing, and primary cerebral
vasculitis was diagnosed. Treatment included aspirin, ste-
roids, and cyclophosphamide. On serial transcranial Doppler
studies performed over 14 months, peak systolic velocities in
the anterior carotid artery and internal carotid artery re-
turned to normal, but abnormally elevated velocities in the
middle cerebral artery persisted. Cyclophosphamide and
prednisone were stopped March 2004 and June 2004, respec-
tively. After 18 months of clinical follow-up, the child is
stable without medication or recurrent stroke.

FIG 1. Primary cerebral vasculitis in a 7-year-old girl. PSV indicates peak systolic velocity; MCA, middle cerebral artery; ICA, internal
carotid artery, ACA, anterior cerebral artery. (A) Graph of transcranial Doppler sonography results plotted for 28 months show gradual
improvement in all left-sided vessels. Note variation of individual measurements compared with trends over time. (B) Transcranial
Doppler sonography spectrum shows elevated peak systolic velocities in the left MCA. (C) MR angiogram reveals decreased caliber of
slightly irregular distal left ICA, A1 segment of the ACA, and M1 of the MCA (arrow). (D) Catheter angiogram obtained 2 days after
initiation of therapy demonstrates slight narrowing and irregularity of the distal ICA (arrows). (E) Twenty-eight-month follow-up
transcranial Doppler sonogram and (F) catheter angiogram show that the PSV and anatomical appearance of the vessels have returned
to near normal.
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Case 3

A 9-year-old girl presented with a 4-day history of headache,
right arm and right leg weakness, and acute aphasia. Similar to
the first two cases, history and physical examination were un-
remarkable other than findings related to acute left middle
cerebral artery distribution stroke suggested by CT and con-
firmed with MR imaging. MR angiography and transcranial
Doppler sonography were also performed, followed by conven-
tional angiography 7 days after presentation. Findings of trans-
cranial Doppler sonography (Fig 3), MR angiography, and
conventional angiography were all abnormal in the left middle
cerebral artery, internal carotid artery, and anterior carotid
artery distributions, revealing increased peak systolic velocity
and vascular irregularities. At the time of admission, acellular
cerebrospinal fluid was noted, polymerase chain reaction study
was negative for Herpes simplexvirus and enterovirus, and
results of routine bacterial and viral cultures of cerebrospinal
fluid were negative as well. The results of evaluation for infec-
tion (sedimentation rate, C-reactive protein), collagen vascular
disease, hypercoagulable states, and other conditions that may
predispose to stroke or vasculitis were otherwise normal. A
definitive diagnosis was made 6 days into the hospital course
when West Nile virus immunoglobulin M and G antibodies
were detected in the cerebrospinal fluid by ELISA testing (IgM
2.79 [normal range, 0–0.9], IgG 1.38 [normal range, 0–0.9]).
Similarly, serum IgM and IgG levels obtained 1 week later and
then 1 month after the initial diagnosis were elevated. Treat-
ment initially included aspirin, steroids, and cyclophosphamide.
On serial transcranial Doppler sonography, peak systolic veloc-
ity suggested some early improvement but remained elevated
on subsequent examinations during an 8-month follow-up pe-

riod. Cyclophosphamide and steroids were discontinued in July
2004 and April of 2004, respectively. The child is stable on daily
aspirin and has not had recurrent stroke after 19 months of
clinical follow-up.

Discussion
West Nile encephalopathy, transmitted by mosqui-

toes and rarely transfusions, is well known. Only re-
cently have reports of neurovascular complications
begun to be documented, including those of a 46-
year-old man with retinal artery occlusive vasculitis
and an adult patient presenting with acute stroke
(5–7). Although evaluation of vasculitis with transcra-
nial Doppler sonography is reported in adults (par-
ticularly in Takayasu arteritis), it not as well known in
children (1, 10).

Unique to this study are the application of trans-
cranial Doppler sonography to evaluate pediatric vas-
culitis, the comparison over time of the transcranial
Doppler findings to MR angiography and conven-
tional angiography, and the documentation of a pe-
diatric patient presenting with acute stroke due to
West Nile virus.

Similar to those in prior studies, peak systolic ve-
locities obtained in the middle cerebral and internal
carotid arteries were more reliable than those ob-
tained from the anterior cerebral arteries; this finding

FIG 2. Primary cerebral vasculitis in a 12-
year-old girl. Graph of transcranial Doppler
sonography results plotted for 14 months
demonstrates some improvement in the left
internal carotid artery (ICA) and anterior ce-
rebral artery (ACA) but persistent disease in
the left middle cerebral artery (MCA).

FIG 3. West Nile vasculitis in a 9-year-old girl. MCA indicates middle cerebral artery; ICA, internal carotid artery, ACA, anterior cerebral
artery. (A) Graph of transcranial Doppler sonography results plotted for 8 months reveal persistence of elevated peak systolic velocity
in the left MCA, ACA, and ICA. (B) MR angiogram reveals decreased caliber and irregularity of the left MCA with slight narrowing of the
supraclinoid ICA and A1 segment of the ACA (arrows).
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may be due to the close proximity of the right and left
anterior cerebral arteries, making individual distinc-
tion of each vessel difficult (11). Conventional an-
giography and MR angiography were more likely to
definitively demonstrate anterior carotid artery dis-
ease than transcranial Doppler sonography in our
limited series. Specifically, although angiography
findings were abnormal in the anterior carotid artery
on the initial evaluation of case 1, the transcranial
Doppler findings were normal. In the same case, the
plotted peak systolic velocity measurements of the
anterior carotid artery were noted to vary more than
those of the internal carotid artery and middle cere-
bral artery.

In all three girls, trends toward improvement versus
persistent disease found with transcranial Doppler
sonography correlated with those of MR angiography
and conventional angiography. On transcranial
Doppler sonography, these trends were best demon-
strated over a series of examinations rather than on
evaluation of a single peak systolic velocity measure-
ment, as has been previously noted in the adult liter-
ature (12). The ability of transcranial Doppler sonog-
raphy to predict trends found on MR angiography
and conventional angiography in children with cere-
bral vasculitis may allow frequent evaluation of neu-
rovascular velocities during acute and follow-up
stages of evaluation.
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