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The Other Side of Abnormal: A Case Series of Low
Transcranial Doppler Velocities Associated With Stroke
in Children With Sickle Cell Disease
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Summary; The prevalence of cerebrovascular events in sickle cell
disease (SCDY can be as low as 10% by the age of 13 lor overt
cerchral infurction or strokes, up lo 35% for silent cerebral
infarcion. and as high as 437100 patient years for acute silent
cerehral ischemic events, These svenls (ypically ocour during
childhood with o peak incidence between the ape of 4 and 7 years.
The cumulative misk of central nerveous svslem evenls in SC12
increases with sge. Trenscrunial Doppler (TOD) ultrusonography
15 an eatablished soreening toal for deteering children with SCIF at
highest risk for stroke by measuring the flow velosily in the large
intracranial vesscls, Velocilies are considercd  ahnormal  with
readings = 200cm/s and chronic red cell transfusions are recoi-
mended 1o reduce further rizk or progression. Red cell trunslusions
love reduced the rate of cerebrovaseular accidents by 0%, We
deseribe the case of 5 children with sickle cell ansmiz, whaoss
antecedent sereening TCD velocitics were measured to be © T0omfs
it the study. All patients developed same form of cersbral insults,
an over: cerchral infurctions, silent stroke or transient ischemic
attack, and are now receiving chronic transfusion to prevent fue-
ther progression. On the basis of these cases, low TCID velocities
may identily another group of children at sk for eerebeovascular
disease, We supgest TCD velocities < Toms in major vesscls
(MOCA, ACA, and 1CA) be cansidered snother type of “alnermal,”
prompling mare sensitive evaluntions (such as a beain MRI and
MEA) Tor the presence of central nervous system discase, and, il
negative, decrease intervals hetwesn subseguent TCDY assessments.
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Cu:nlral nervous system (CINS) complications associated
with sickle cell disease (S3CI13) include acule hypo-
perfusion or ischemic cerebrovascular accidents, silenl
cerchral infurctions with definitive changes on magnetic
resonance imaging (MR with ne identifinble clinical
event, cerghral artery stenosis or lormuosity causing moya-
maoya colluternls that predispose lo intracerebral hemor-
rhage, and the newly recognized acute silenl cerebral
ischemic vvents in which there ure no lasting changes found
on MRL!' The prevalence of these events range from as low
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as 10% by the wge of 14 for overl infarctions or “strokes™
up Lo 35% for silent cerehral infarets, and as high as 437100
patient years [or acute silent cergbral ischemic cvents, 2
These events typically occur during childhood with a peak
ingidence between the age of 4 and 7 years, howewver, the
cumulative risk of CNS events in SCD increases with age.??
Long-lerm owtcames after these CNS events range from no
ohwvious sequclac lo poor school performance, behavior
aberration, hemiplegia, aphasin, seivure disorders. Lo a
prolonged vegetative state, and cven death.t The overall
impact of CNS events on quality of life has resulled i a
comprehensive approach loward primary and secondary
streke prevention and is an importunt focus of compre-
henaive care for pediatric patients with SCD,

The results from the sentinel SCIY Stroke Prevention
Trial {(STOP) hos established transcramial Doppler (TCID)
sereening a5 an effective sereening tool for identifying those
children with SCT} who are at highest tisk for stroke 8
This noninvasive tost measures the mean average flow
velocity in the large intracranial vessels of the circle of
Willis, primarily the internal curotid artery ([CA), middle
cercbrul artery (MCA), and the anterior cerebral arteries
(ACA) Cerebral angiographic comparisons have confirmed
that severe stenosis of any one of these vessels is associated
with TCI Aow velocitics thal are 2 1o 3 thines higher than
normal ™ Tn addition, increased TCD welocities have been
associated with focul vaseular stenosis that leads to high
linear sheur stress through the major arteries and thers-
fore correlates with an increased risk of stroke.”® The
STOP trial was designed 1o determine the efficacy of pro-
phylactic red blood eell transfusions in preventing arterial-
oreclusive strokes in childeen with 5CD in whom mean
T velocities were 2 2000em)/s in assessed intracerebral
arteries, ™" In the original STOP Trial, children with TCD
velocities =1 70em/s but < 200em/s were cateporized as a
“conditional”™ risk growp who necessitated close Tollow-up
withint & months, The study concluded that children with
TCT velocities of ¥ 240em/s through the [CA were more
likely to have MEI lesions when compared with those with
velocities ol 200 to 23%.6cm/s. Furthermore, it confirmed
findings of carlier studizs that TCD velocitics of £ 200 cm/s
were sssociated with a 40% risk of a stroke within 3 years.”
The implementation of red cell transfusions for individuals
wilth abnoermal TCD velocities has reduced the incidence of
acute strokes by 90%, with a concurrent improvement in
quality af life*

The STOP irial provides guidance for the manitoring
and preventive munagement of children who have TCID
velocities ¥ 170cm/s. However, it was not designed 1o
assign risk, nor does it provide recommendations for those
who were found to have low TCD velowities, In addition, it
does not clearly define the lower limits of fow velocily that
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chould be considered normal, In this case series, we deseribe
5 ecases of children with SCD and TCD velocities of
= Them/s in the ACA and MCA who were found 1o have
cerehral insults (cerebral infarction, cergbral artery abmor-
malities, or neurelogical symptoms) with accompanyving
MRI or MBA abnormalitics.

METHODS

Between  January 2005 and February 2011, we
reviewed the medieal records of § identified children with
sickle cell anemia who developed acute stroke or were
found to have cerebral artery stenosis on neuroimaging in
the face of normul antecedent screening TOT? velocitios.
The appropriate Institutional Review board approvals were
obtained from Children's Healtheare of Addanta. All TCDs
were performed according to standard eriteria established
by the STOP study and by a2 STOP-certified wulira-
sonographer, Our institution performs sereening TCDs
vearly on every pediatric patient with homozygous 83 or
S-bl-thalassemis, beginning at the age of 2 years through
the apge of 16 yvears.

CASE REPORTS
Case 1

A Seyear-old female with hemoglobin 35 presented aculely
with rpht-sided weakness of the upper and lower extremitics,
slurred speech, end [aciol asymmetry. Newroimaging (Fig. 1)
reveals 4 largs area of inferclion involving the left cerebral hemi-
sphere with stenosis involving the Lelt ACA and MOCA, Her most
recent TCD wias performed 4 weeks before acute event and dom-
onstruted Dow velocity of 60cm/s in the left ACA. Aler an initial
exchange transfusion, the paticet has been maintained on monthly
red blocd cell transfusions with restdual right-sided hemiparssis.

Case 2

A Teyear-old female presented with hemoglobin 55 and sig-
niftcunt pasl medical history of recurrent acute chest syndrome
(ACS) und chronic hypoxia secondary 1o obstructive sleep apneca,
She also had 2 history of an abnormal sleep study with severs
smaring and axygen desauralions o B8% secondary to ahstructive
sleep apnew. Tonsillectamy and adenoidectomy was perfarmed 2
years before her index TCD, Af the time of her TCD she was
receiving  hydroxyuren (ITU) for ACS preveniion. [ler TCD
velesities were low in the lefl ACA (68 o T2emfs) Although
clinically asymptamatic, broin MEA was performed and showed
stenosis and diminished Mow invelving the left 1CA and MCA,
respectively (Fig, U, Fler brain MR wis normal, with no evidenes
of new or old cerebral infarcts, HU was discontnued and she was
beoun on menthly red ccll transfusions for promary siroke pre-
vention, She continues 1o he asymptomatic, bul is scheduled Tor
nouracagnitive lesting for schoal placement.

Case 3

An Bevear-old male presented with hemoglolin 55, low
haseline hemaglobin of 08 g/dL, chronic hypoxia, and recurment
ACE Conditicng] TCI wvelocities volving left MOCA were
detected wl the ape of 5 years (1710 [T8om/s) and he was mani-
tored closely, The paticnt was started on FTU Tor recurrent ACS. Al
the age of 7 years, his TCD velocities in the lelt MOCA decreased
significantly to &6 1o 69 emys. Coe year later, neursimaging (Fig. 1)
was performed prompled by o decline in academnie performunce,
and confirmed the presence of “silent” cerchral infarcts invalving
the left temparal lobe in o watershed distribotion eorresponding
with the area of [ow TCD velocities, He is currenily maintained on
chronie red hload cell translfusions,
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Case 4

A 13-veur-uld female presented with hemaglobin 35, whe was
started on HU therapy for recurrent severs ACS and pain, and had
a brisk feisl hemoglobin response Lo 16.8%, She presented with
left-sided weukness and slurred speech. Newraimaging (Fig. 1)
demanstrated bilateral cerchral infarcls in the left ACAMCA
watershed region, paristo-occipital infurcts, and sigrificant nar-
rewing of the left supruclingid [CA. A month priar, she had an
antecedent TOD that showed flow velogitios of 58 (o T0em/'s in left
ACA. She is maintained on chronie red cell transfusions and is
receiving ongoing speech and physical erapy rehabilitation.

Case 5

A 15-year-old female with Rermoglobin 55 on HU therapy lor
frequent painful episodes and ACS presented with daily headuches
without ether neurological symploms, Neuroimaging (Fig 1)
demonstrated microangiopathic changes and bilateral patchy foci
af increased flair signal in the white matter of the deep walershed
region between the ACA and MCA region bilaterally. Eight
manths later, she developed transient aphasia and weakness,
A TCD ot this paint revealed Now velocities of 40 o Them)'s in the
left MCA with inability to detect Nuw in the right MOA, She
agreed Lo chronie manthly red cell transfusion. After 1 year, on
therapy, she discontinued regular transfusions and refused HLU
tharapy as well

DISCUSSION

Screening TCIY has proven to be sensitive and specific
in the [dentification of patients with SCD who are at risk
for CNS events due to occlusive intracranial vasculopathy.”
Classification of TCD velocities as conditional or abnormal
has centered on welocilies = 170cm/s, due Lo the strong
correlation between high TCD velocily in the ACA and
MOA with the risk of stroke among these patients. Nar-
rowing of the arterial lumen may be present on angio-
araphy when the cerebral How velocity is markedly ele-
vated. However, signilicant reduction in the cercbral blood
flow velocity would be expected il there is near-occclusion of
corresponding vesscls,

Before the STQP smudy, a pilot study compared the
senaitivity of TCD with cersbral angiography in predicling
the specific logation of stenotic arlerial lesions.® The criteria
for an “aboormal™ TCD study (o sereen (o the risk of CNS
events were defined as: (1) a mean velocity of £ [90cm/s in
any arlery: (2) an abnormally low velocity in the MCA
defined as MV = T0om/s and an MCA ratio (lower/higher)
of v 0.5 (3 an ACA/MCA ralio of 7 1.2 on the smne side;
or (4] the inability to record an MCA flow velogity in the
presence of & demonsirated cltrasound window.® The TCD
sereening study was determingd to have a sensitivity of 80%
and n specificity of 100% when compared with traditional
angicgraphy in 23 pediatric 3CID patients. Interestingly,
lower than normal flow or non-detectable velocities
(= Them/s) were described in 11 subjects, with 100% con-
cordance with the presence of an eccluded or stenotic ves-
sels demonstraled by angiography. In addition, 5 (45%)
patients with low TCD velocities had cerebral infarctions,
and 3 (27%) had collateral circulation in the circle of Willis
or leplomeninges, The authors concluded that the presence
of corcbral infarction may be accompanicd by reduced
cerebral blood fow demand on the affected side, leading to
lower fow velocities even though arlerial narcowing may
not be present.

Our study confinms the observations of Minniti et allo
that some SCI3 patients with low TCD wvelocities also
experience cerchral infarcts, Qur report demonstrates that
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Low TCD Velacitier Associoted With Stroke

FIGURE 1. Meursimaging (MRA and MRI) results for each subject. A identifies impaired vascular flow and correspending parenchymal

VIEwWS.

low TCD velocities may precede the occurrenes of a siroke
and may alse contribute to the increased risk of stroke
in children with SCD», However, currently, there are no
clinical management guidelines for those SCD children with
low TCD welocities (< Theom)s).

The recording of low TCD velocitics in the presence of
normal bone windows may have several explunalions.
Although not necessarily a complete list of possibilitics,
lower than normal TCD welocily may reflect complate
ocelusion of a previously stenotic artery, development of
collaterals with resulianl decrease in flow in the major
artery, and/or decrease in demand due Lo infarction in that
arterial distribution, Others have alse found low velocilies
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in the MCA associaled wilh overt stroke. Scibert et allt
reported 11 abnormal categories of TCD findings (both
high and low flow velocities) in SCI patients with a clinical
history of prior stroke, compared with controls. Koputt
et al'? studied 14 SCT patients using these criteria and the
STOP criteria and conlirmed the association between i
resiative index of = 40% and a lower maximum velocity in
the MCA compared with the ACA with the presence of
brain MEI and/or MEA findings, particularly if these
abnormal findings involved either the ACA or the MCA.
They concluded that although high velocities of flow sug-
gost focal stenosis, low velocities might be due to Imaging
hlood flow that has already passed through a more stenotic
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TABLE 1. Subject’s TCD Velocities, Neuroimaging Findings, and Other Characteristic Clinical Data

Cuse i Age (v)Sex MCA Velogity  ACA Velocity  1CA Veloeity MR AMRI Findings Other
Case | 4/F L 36-1489 (L Gly* L 124-136 Large arca of abnarmul Asthma, ACS, (requent
. R [30-13% R 125-129 ’77-139 dilTusion in 1. ACA and VOO
SCA distributian with
hirmanished low
Moyvamoya
Case 2 TF L103-152 (L&E-T2)* Lo1n1-103 Mild stenosis af 1OA Asthma, ACS, 054, ,
R’ 114-137 K 123140 R 121-127 Diminished flow of L MOA HU therapy, hypoxii
Case 3 LR {Lba-0ay* Li1l-112 LEO4-T10 L CVA Asthona, ACS, H'_U
R a7-118 kil [ 23-84 therapy, hypoxia
Case 4 15T R O70-96 RE2-84 (ROY9-TH)* Biluleral ACA/MCA Asthma, ACS, frequent
3 (L 05-145) (LA9-60)* Lo11-112 watershed disiribution VOC, HU therapy
Marrew L supraclinaid 1A
Moute B PCA infarction
Case 5 L&F (L A4n-Ti* MM ™A Dheep watershed chronie ACS, poar schoaol

performunce, HU
therapy, hypoxia

microangiapathic changes

*ldentified [ow TOCD velocity recording

ACA indiciles anterior ecechral artery; ACS, aeute chest symdroene; B, Faeale; HU, hydroxyuren therapy; [CA, nternal carotid anery; L, left; M, male;

MOA, middle cerchiral artary; O8A, obsiructive sleep apres; |, right.

proximal vessel and should raise concern for increased
stroke risk.

CONCLUSIONS

In the 15 years since the STOP smdy, some of the
“rivances” in interpreting TCD wvelocitics and associnled
CMS risk have been lost due to the overall decrease in the
rates of strokes in children with SCID. We ure now seeing a
new population of children with stroke associated with low
TCD welocities, The 5 cases presented supgest that low
TCD wvelecities in the ACA or MCA circulations may
wdentify a group of children with SCIY who are al signilicant
risk lor cerehrovascular disease (Table 1),

Perhaps they ave al higher risk than those with veloe-
ilies =200 cim/s as patients with low fow velocitics on TCD
may be misdiagnosed as "normal” allowing progressive
cerchrovaseular disenss o go undetected until a symptom-
ang stroke event occurs, This report will serve as an
importunt reminder that these children with SCD with low
veloeities need urgent recognition, with consileration of
additional disgnostic studies, such as brain MRI/MRA, Lo
rule out cerebral artery stenosis or subacute cerchral
infarces. This series is limited us il cannol answer the ques-
tion of how often low TCD velocities correlate with severe
cerebrovascular disease on angiography or the magnitde of
the additional stroke risk for cach patient. However, i1 may
be prudent o broaden TCD stroke risk criteria, for clinical
practice, to include measurement of MCA, ACA, and 1CA
Now velocities, including their depth. T0 the velocilies are
lower than normal { < T0em/s), health care providers should
institute the same recommendations lor those identified as
having high TCD velocities to hasten the delection ol cer-
ebral artery stenosis or subacute cerchral infarctions.
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