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Cerebrovascular accidents (CVA) are serious complications of sickle cell anemia (SS) in
children. Factors that predispose children to this complication are not well established.

In an effort to elucidate the risk factors associated with CVA in SS, we have determined

the «-globin genotype and the BS haplotype of children with this complication. Among
700 children with SS followed at Children’s Hospital of Michigan, 41 (6%) are on chronic
transfusions because of stroke due to cerebral infarction. The mean age of patients with
CVA at the time of stroke was 5.6 *+ 3.2 years (mean = SD). The male/female ratio was 2/3.
Only 8 of 41 patients (19.5%) had one «-gene deletion, compared to the reported preva-
lence of 30% in African-Americans. None of the patients had two «a-gene deletions, and
two (5%) had five «a-genes. These findings are different than those in our adult patients
with SS, where the prevalence of - a/-~a and aac/aa is 4% and <2%, respectively. Ten
different BS-haplotypes were detected in the patients studied. The majority of the patients
(31%) were doubly heterozygous for the Ben/CAR haplotypes followed by Ben/Ben, Ben/
Sen, and CAR/CAR haplotypes, respectively. The prevalence of these haplotypes, with
the exception of the CAR/CAR haplotype, was higher in females than males. All the
patients with CAR/CAR haplotype were males, had four a-genes, and ranked third in
prevalence. Three patients were heterozygous for the Cameron haplotype. The Cameron
and atypical haplotypes were more prevalent than reported in patients with SS at large.
The data suggest that CVA in children seems to occur more frequently in females and in
patients with certain BS haplotype. «-Gene deletion seems to offer a protective effect
against this complication. Neonates with four or more a-genes whose BS haplotype is
Ben/CAR, atypical, or CAR/CAR seem to be at a higher risk for CAV than other patients.

A prospective study on a larger group of patients with or without CVA may clarify this
issue. Am. J. Hematol. 67:179-182, 2001. © 2001 Wiley-Liss, Inc.
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INTRODUCTION tinguish patients at high risk for this complication at an
. . . L efa\rly age. The co-existence @fthalassemia with SS has
Overt stroke is a serious, devastating complication e .
&een shown to have an inhibitory effect on intracellular

the sickling disorders, with reported prevalence of 8.5 . .
to 17% [1-3]. There is a prohibitively high risk of recurPClYMer formation. Our hypothesis was thathalasse-

rences in the un-transfused patient, leading to progré@'—ai With its tendency to rgtard intracellular polymer for-
sively increasing disability [4]. Preventive therapy witnation, is protective against the development of CNS

chronic transfusion has been shown to decrease recdifease in SS, and, thus, the prevalence-tifalassemia
rence rates from 67% in the un-transfused patient 12 cohort of patients with stroke is lower than expected.

<10% [4,5]. This complication has been recently prd® Secondary hypothesis was that there is an association
posed as an indication for more invasive curative at-
tempts with bone marrow transplantation [6]. Bone mar- § 0: Samir K. Ballas. M.b.. Cardeza Foundation. Jef
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patients at risk for complications from their disease.
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between the3S haplotype and the prevalence of strokelABLE I. Alpha Genotype Distribution

The aim of this study was to evaluate the prevalence of 3a 4a 5a Total

a-thalassemia and the distribution @ haplotype 2a n (%) n (%) n (%) n (%)

among children with CVA from SS in a single large

institution. M 0 3(7) 13(32) 0 16 (39)
F 0 5(12) 18 (44) 2(5) 25 (61)
Total 0 8(19) 31(76) 2(5) 41 (100)

METHODS

Forty-one consecutive patients with SS who presented-l-en differentBS-haplotypes were detected in the pa-

to Children’s Hospital of Michiggn with cIi.nicaI Signstients studied. The definition of these haplotypes usin
a.”d Sy”.‘ptoms of (.:VA were SUbJeCtS.Of this Stl.de' Thl‘ﬁne endonuclease restriction sites was ag prﬁ?/iously d%—
dlag_r103|_s of CNS infarction was confirmed by Imaging -iped [11]. The distribution of these haplotypes among
SFUd'e.S in all casesx-Genotypes were determlne_d bythe patients studied is shown in Table Il. The majority of
digesting genomic DNA witfBarrHl and Bglll restric- the patients (32%) were doubly heterozygous for the

tion endonucleases followed by Southern blot hybridiza;
tion with a-gene probe [7,8]. Genomic DNA was pre:%en/CAR haplotypes followed by Ben/Ben, Ben/Sen,

pared from peripheral leukocytes as described previou pd CAR/CAR haplotypes, respectively. Again, the
[9] and digested with the indicated restriction endonuclievalence of these haplotypes, with the exception of the

dina to th dati £ th f AR/CAR haplotype, was higher in females than males.
ijsree? according to the recommendations of the manuigGy e || jists the distribution of th@-haplotypes accord-

. . .. ing to the a-genotype of the patients studied. In this
BS-Globin haplotypes were determined by restrlctlo%rmat the majority of the patients, again, had four

endonuclease digestion of genomic DNA followed b&—genes and Ben/CAR. Noteworthy is that all the pa-

Southern blot transfer and hybridization with radiola: - )
beled probes that detect the presence or absence o?t rgﬁ]gdwtlmrc? QRp/rC;CaFjef:]iréllotype had four-genes and

zyme cleavage sites [10]. The pattern of nine polymor-
phic restriction sites within and around tig-gene
cluster were determined. These sites were as followsiscyssioN
Hincll 5’ to e, Xmn 5’ to Gy, Hindlll within Gy and Ay,
Hincll within and 3 to ¢, Aval within B, andHpal and Our major goal in this study has been to identify
BanHl 3’ to B [11]. unique characteristics, if any, in children with SS and
Hematological data were obtained at steady-state rdlivVA. Such characteristics may be markers of severe dis-
tine visits. Patients had not received transfusions for @ase in neonates and could identify candidates for ag-
least 4 months before these data were obtained. In gitessive approach to therapy that includes bone marrow
instances, these data were obtained prior to developm&ahsplantation. A major finding in this study is that none
of stroke symptoms. Fetal hemoglobin (Hb F) was quanf the children with CVA had twa-gene deletions (e
titated using the alkali denaturation technique [12]; alla genotype). Moreover, 76% of the patients had four
individuals were more than 2 years of age at the time afgenes ¢a/aa genotype). Thex-gene distribution in
Hb F measurement. our pediatric patients with stroke is different than that
reported in African Americans with SS at large where the
RESULTS prevalence ofva/ax genotype is about 65%, thexfaa
genotype about 30%, thex*—a genotype about 5%, and
The mean age of the patients at the time of their firthe genotype with five or more-genes is <2% [8,13—
CVA was 5.6 + 3.2 years (mean = SD). The male t&5]. Thus a-gene deletion appears to be protective
female ratio was about 2:3. Pre-transfusion Hb F levedgainst CVA in children with SS. In addition, excess
after the age of 2 years were available in seven patiendisgenes may be a risk factor in the development of CVA
Hb F level ranged from 2.9% to 20.3%, with a mean dh SS.
10.3%. Mean pre-transfusion steady-state hemoglobinThe prevalence of CVA is higher in females than in
levels, MCV, and other red cell indices were not unusualales in our patient population as shown in Table I.
nor was the mean total WBC. About 700 children with SS are followed at Children’s
Table | shows the distribution af-genotypes in the Hospital of Michigan. The 41 patients with CVA consti-
children with SS and CVA. Noteworthy is that none ofute about 6% of the children with SS. The male/female
the children studied had thex/—a genotype, 19% had ratio in the 700 patients is about one. Thus the higher
the w/aa genotype, 76% had thea/aa genotype, and prevalence of CVA in females (61%) may be due to the
5% had theaaa/aa genotype. The prevalence of allfact that girls may not be more anemic than boys as is the
these categories was higher in females than males. case in adults.
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TABLE II. Distribution of «-Genotypes and B°-Haplotypes TABLE Ill. Reported Distribution of ~ B®-Haplotypes in Patients

With SS
2a 3« 4« 5a Total

Haplotypé genes genes genes genes n (%) M/F This study ~ Steinberg et a&t.  Schroeder et &l°
Haplotype group (%) (%) (%)

Ben/Ben 0 1 9 0 10(24) 3/7

Ben/Sen 0 2 3 0 5(12) 2/3 1. Ben/Ben 24 40 39

Ben/CAR 0 2 11 0 13 (32) 4/9 2. Ben/CAR 39 32 31

Ben/Cam 0 0 2 0 2(5) 1/1 CAR/CAR

Ben/atypical 0 0 1 0 1(2.5) 0/1 3. Ben/Sen 15 21 15

Sen/Sen 0 0 1 0 @.5) 1/0 Sen/Sen

Sen/CAR 0 1 1 0 2(5) 2/0 4. Sen/CAR 5 7 3

CAR/CAR 0 0 3 0 3(7) 3/0 5. Atypical/x? 17 0 12

CAR/atypical 0 1 0 0 1(2.5) 0/1

Cam/atypical 0 1 0 0 1(2.5) 0/1 Total 100 100 100

Atypical/atypical 0 0 0 2 2(5) 0/2  aReference 14.

Total 0 8 31 2 41(100) 16/25 Reference 13.

“Haplotypes in this study were determined by using five restriction endo-

2Abbreviations for the3-haplotypes are as follows: Ben for Benin, Sen fomuclease sites only; the Xmn, Aval, and BanHI sites were not looked

Senegal, CAR for the Central African Republic or Bantu haplotype, Cafor.

for Cameron, and A for atypical. 9This group includes the Cameron haplotype; X is any chromosome with
an atypical or any other haplotype.

Determination of thegS-haplotypes in our patients
T Ot eVt o Db M e ez that,because ofthe sl ptent popr-
Sen, and CAR/CAR haplotypes, respectively (TaE)Ie Il él'[IOI’I we studied and the numerous \{ar_lables 'mﬂ;&_
The, distribution ofBS-hapIotype,s among our patient Otype qnqss-haplptypes, formal statlstlca_ll anaIyS|s was

. . . ﬁ'ilglt feasible. Despite the fact that these findings are pre-
seems different from the rgported haplotypes in patier inary in nature due to the small sample size, they
with SS at large as shown in Table Ill. Our study show cvertheless suggest thatglobin genotype andss-
that _the prevalence_ of at Iea;t one chromosome Wi plotypes may have important implications in counsel-
atypical haplotype is higher in children with SS antﬂq

g and following children with SS, particularly when
CVA. On the other hand, the prevalence of the Ben/B?ﬂscussing prenatal diagnosis and the merits of invasive

haplotype is'less in. our patient population than that Mfiterventions such as bone marrow transplantation. A
ported in patients with SS at large. The apparent decre Sgressive multi-institutional study on a larger group of

in this hapk_)type may be a reflection Of. the increas tients with or without CVA may clarify the signifi-
prevalence in the other haplotypes mentioned above S -

. ) ) . nce of our findings.
pecially the atypical ones. Thus, if we delete the patients
with the atypical/X haplotype from Table Ill, the preva-
lence of the Ben/Ben haplotypes becomes 40%, the SagleFERENCES
as in the other two previous reports.
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