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1 | INTRODUCTION
Thrombocytosis in children is commonly a reactive condition
secondary to inflammation, infection, iron deficiency anemia,
or asplenial‘2 and rarely requires intervention. Conversely,
primary thrombocytosis is uncommon in pediatrics, but may
represent an acquire myeloproliferative disorder or familial
thrombocytosis,3 conditions that may be associated with
thrombosis and bleeding.4

Thrombocytosis is common in children with sickle cell dis-
ease (SCD). Reactive thrombocytosis must be distinguished
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Thrombocytosis is common in sickle cell disease and may contribute to vaso-occlu-
sion. Hydroxyurea treats extreme thrombocytosis. Acquired von Willebrand disease

should be considered prior to aspirin therapy.

acquired Von Willebrand disease, priapism, sickle cell disease, thrombocytosis

from myeloproliferative disorder or inherited thrombocytosis
syndrome. We present an adolescent with hemoglobin SS and
thrombocytosis associated with increased frequency of pain,
priapism, and acquired von Willebrand disease.

2 | CASE PRESENTATION

A 16-year-old boy with hemoglobin SS sickle cell disease (SCD)
presented with vaso-occlusive pain and extreme thrombocytosis
(platelet count 2 428 000-2 795 000/uL). History was significant
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for frequent episodes of pain and priapism and intermittent
thrombocytosis over the 12 months prior to this presentation
(range 228 000-1 885 000/uL; mean 927 000/uL). Corporal
irrigation with phenylephrine injection for priapism was re-
quired 4 times in the past year. There were no neurological
disturbances or gastrointestinal symptoms. Physical exami-
nation and abdominal ultrasound showed no lymphoprolif-
eration, hepatosplenomegaly, or thrombosis. Hydroxyurea
therapy at 20 mg/kg had been started 18 months prior, and
low-dose aspirin therapy had been administered intermit-
tently for 10 months. He had a lifetime transfusion history
of 3 packed red blood cell (RBC) units with no transfusion
in the past year.

White blood cell count was 10.15 x 103/pL, hemoglobin
9.3 g/dL, mean corpuscular volume (MCV) 80.9 fL, and
fetal hemoglobin 12.1%. Serum ferritin was 100 ng/mL,
total iron binding capacity 290 ug/dL, serum iron 78 pg/dL,
and iron saturation 27%. Peripheral blood smear (Figure 1,
panel A) demonstrated sickle cells, target cells, a subset of
hypochromic red blood cells (RBC), markedly increased
platelets. Bone marrow aspirate smear (Figure 1, panel B)
showed a decreased myeloid:erythroid ratio (<1:1) with
normal myeloid maturation. Erythroid maturation showed
mild megaloblastic changes. Megakaryocytes were present
in increased number with occasional hyperlobated forms.
Iron stain of the aspirate smear showed absent iron stores,
and no ringed sideroblasts. Bone marrow core biopsy
(Figure 1, panel C) showed increased cellularity of 90%,
minimal reticulin fibrosis, and no evidence of dysplasia.
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Peripheral blood BCR-ABL fluorescent in situ hybridiza-
tion was negative.

Genetic sequencing with deletion and duplication analy-
sis of the following genes associated with myeloproliferative
disorders and thrombocytosis identified no variants: JAK2,
CALR, MPL, ABLI, BCR, AR, CBL, CEBPA, IDHI, IDH2,
SF3BI1, SRSF2, TET2, THPO. BCR/ABL1 mRNA qualita-
tive analysis was negative. Thrombopoietin (TPO) level was
8 pg/mL (reference range 7-99 pg/mL).

Platelet function analysis performed using the PFA-100
while on aspirin therapy demonstrated a collagen-ADP
closure time of 82 seconds, collagen-EPI closure time
of >300 seconds with platelet count 2 533 000/uL. Von
Willebrand factor (VWF) testing showed low VWF ris-
tocetin cofactor activity (VWF:RCoF) and decreased
high molecular weight (MW) multimers (Table 1). For
treatment of severe thrombocytosis, the hydroxyurea
dose was increased to 30 mg/kg daily. Aspirin ther-
apy was continued, and oral iron therapy was initiated.
Repeat VWF testing occurred 9 days later, including
VWE:Glycoprotein Ib (GPIb) measured by gain-of-func-
tion mutant GPIb binding assay (VWF:GPIbM). Platelet
count decreased to normal; however, intermittent throm-
bocytosis >1 000 000/uL continued. Approximately
6 months later, VWF testing showed normal antigen and
VWE:RCoF levels, normal VWF GPIbM activity, and
normal multimer pattern. Priapism frequency and sever-
ity have decreased. He has had no evidence of bleeding
on aspirin therapy.

FIGURE 1
findings of sickle cell disease and

Histopathologic

reactive thrombocytosis. A, Peripheral
blood smear showed sickle cells, target
cells, hypochromic RBC, and increased
platelets (Wright-Giemsa, x100). B, Bone
marrow aspirate showed mild erythroid
megaloblastic changes and increased
megakaryocytes with hyperlobated forms
(Wright-Giemsa stain, x40). C, Bone
marrow core biopsy showed increased
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cellularity (Wright-Giemsa stain, xX20)
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TABLE 1 Acquired von Willebrand 24 wk
. . W
disease testing Initial 9 d later later
Platelet count (per pL) 2 533 000 1 655 000 663 000
VWEF antigen (%) 98% 70% 114%
VWEF ristocetin cofactor (%) 36% 35% 70%
Factor VIII activity (%) 217% 154% 180%
High MW multimers (%) 9% 15% 18%
Intermediate MW multimers (%) 51% 52% 55%
Low MW multimers (%) 40% 33% 27%
VWF GPIbM activity (IU/dL) NT 58 102%

Reference 60-184 1U/dL

Note: Changes in VW testing over time, as platelet count decreased with increased hydroxyurea therapy.

Abbreviation: NT, not tested.

3 | DISCUSSION

Reactive thrombocytosis is a common finding in SCD and
may contribute to the pathogenesis of vaso-occlusion.’ Iron
deficiency also results in thrombocytosis which improves
with iron repletion."® In SCD, iron deficiency may be dif-
ficult to detect, as serum ferritin may be elevated due to
inflammation. Diagnosis of iron deficiency may be further
complicated if microcytosis is obscured by hydroxyurea ther-
apy. The absence of bone marrow iron stores was suggestive
of iron deficiency in this patient, although it is not always
predictive of iron deficiency.’

In cases of extreme thrombocytosis, etiologies other
than reactive thrombocytosis must be considered, includ-
ing myeloproliferative neoplasms (MPNs) such as essential
thrombocythemia (ET), polycythemia vera, and primary
myelofibrosis (PMF) as well as inherited thrombocytosis
syndromes. The specific genetic testing selected for this
patient served to assess for such conditions. The BCR/ABL
translocation was tested to identify chronic myelogenous leu-
kemia (CML). Among non-CML MPNs, the majority have
the Janus kinase 2 gene (JAK2) V617F mutation, while JAK?2
wild-type patients with ET and PMF commonly have muta-
tions in exon 9 of the calreticulin gene CALR, and approxi-
mately 5% of adults carry MPL exon 10 mutations.>’ Given
that pediatric ET is rare and heterogenous, seldom involving
the classic 3 MPN genes described above, we additionally
explored less common genes associated with ET including
IDHI, IDH2,'° TET2, SRSF2,'"' SF3B1,"* CBL, CEBPA,"
and AR encoding the androgen receptor. Mutations in the
thrombopoietin gene (ITHPO) are associated with autosomal
dominant familial ET.'"* Serum TPO level is an important
screening test for ET, particularly familial ET if markedly el-
evated above 1000 pg/mL.3 TPO in this case was low normal,
which suggests that inflammation was an unlikely driver for
thrombocytosis. Though the genetic testing performed is not
exhaustive and does not exclude other germline or somatic

mutations in unidentified genes, our testing did exclude some
of the most common reported genetic alterations causing ex-
treme thrombocytosis. Patients with ET are prone for vascu-
lar complications, and SCD adds additional risk for stroke
and thrombosis. Our patient did not experience thrombosis
during his period of platelet count >2 000 000/uL, which
may be partly attributed to the use of hydroxyurea and low-
dose aspirin.

A consequence of severe thrombocytosis >1 000 000/uL
may be acquired von Willebrand disease (VWD), as char-
acterized by reduced VWF activity and loss of high MW
VWF multimers, due to excessive binding of platelet GPIb
receptors to circulating VWE.'>!® The VWF:GPIbM assay
measures the binding of VWF with platelet GPIba, providing
a sensitive, functional assay of VWF activity that correlates
with the VWF:RCoF assay but is not subject to falsely low
levels seen in common polymorphisms of the ristocetin bind-
ing regions of VWF, such as the D1472H polymorphism.”’18
The VWF:GPIbM activity level in our patient during the time
of extreme thrombocytosis remained above the level of prob-
able bleeding risk identified by the National Heart Lung and
Blood Institute Expert Panel report on VWD."”? The use of
aspirin as an antiplatelet agent in our patient was carefully
considered, weighing risks of thrombosis in SCD with risks
of bleeding, and we recommend testing for acquired VWD in
all patients with platelet count >1 000 000/uL.

Extreme thrombocytosis in a pediatric patient warrants
special diagnostic evaluation, including testing for acquired
VWD and VWF:GPIbM activity to assess for possible bleed-
ing risk, radiographic evaluation for thrombosis, and eval-
uation for MPN which includes bone marrow biopsy and
genetic testing. Pediatric patients with ET are less likely to
have mutations in genes associated with adult ET (JAK2,
MPL, and CALR); thus, extended genetic testing should be
considered. In this patient, hydroxyurea with aspirin and iron
therapy were judiciously used balancing the associated risks
of bleeding.



460 WI LEy_CIinicaI Case Reports

YEE ET AL.

Open Access,

CONFLICT OF INTEREST
The authors have no pertinent financial disclosures.

AUTHOR CONTRIBUTIONS

MY: conceptualized the study, contributed to data collection,
and wrote the manuscript. GB and SC: contributed to data
collection, intellectual process, and manuscript revision. SP:
contributed to data and image collection, intellectual process,
and manuscript revision.

ETHICAL APPROVAL

The Institutional Review Board of Children's Healthcare of
Atlanta reviewed this report and determined that review and
approval by the organization was not required.

INFORMED CONSENT STATEMENT
Written informed consent was obtained from the patient for
publication of this report and accompanying images.

DATA AVAILABILITY STATEMENT
All data generated or analyzed during this study are included
in this published article.

ORCID

Marianne E. M. Yee "= https://orcid.
org/0000-0001-6082-8385

Satheesh Chonat “= https://orcid.org/0000-0002-5909-0800

REFERENCES

1. Gross S, Keefer V, Newman AJ. The platelets in iron-deficiency
anemia. I. The response to oral and parenteral iron. Pediatrics.
1964;34:315-323.

2. Wang JL, Huang LT, Wu KH, Lin HW, Ho MY, Liu HE.
Associations of reactive thrombocytosis with clinical characteris-
tics in pediatric diseases. Pediatr Neonatol. 2011;52:261-266.

3. Nelson ND, Marcogliese A, Bergstrom K, Scheurer M, Mahoney D,
Bertuch AA. Thrombopoietin Measurement as a Key Component
in the Evaluation of Pediatric Thrombocytosis. Pediatr Blood
Cancer. 2016;63:1484-1487.

4. Kucine N, Viny AD, Rampal R, et al. Genetic analysis of five
children with essential thrombocytosis identified mutations in
cancer-associated genes with roles in transcriptional regulation.
Haematologica. 2016;101:e237-e239.

5. Westwick J, Watson-Williams EJ, Krishnamurthi S, et al. Platelet acti-
vation during steady state sickle cell disease. J Med. 1983;14:17-36.

6. Eder AF, Yau YY, West K. The effect of iron balance on platelet
counts in blood donors. Transfusion. 2017;57:304-312.

7. Ganti AK, Moazzam N, Laroia S, Tendulkar K, Potti A, Mehdi SA.
Predictive value of absent bone marrow iron stores in the clinical
diagnosis of iron deficiency anemia. Vivo. 2003;17:389-392.

10.

12.

13.

14.

16.

17.

19.

20.

Rumi E, Pietra D, Ferretti V, et al. JAK2 or CALR mutation status
defines subtypes of essential thrombocythemia with substantially
different clinical course and outcomes. Blood.2014;123:1544-1551.
Nangalia J, Massie CE, Baxter EJ, et al. Somatic CALR mutations
in myeloproliferative neoplasms with nonmutated JAK2. N Engl J
Med. 2013;369:2391-2405.

Tefferi A, Lasho TL, Abdel-Wahab O, et al. IDH1 and IDH2 muta-
tion studies in 1473 patients with chronic-, fibrotic- or blast-phase
essential thrombocythemia, polycythemia vera or myelofibrosis.
Leukemia. 2010;24:1302-1309.

. McNamara CJ, Panzarella T, Kennedy JA, et al. The muta-

tional landscape of accelerated- and blast-phase myelopro-
liferative neoplasms impacts patient outcomes. Blood Adv.
2018;2:2658-2671.

Lin CC, Hou HA, Chou WC, et al. SF3B1 mutations in patients
with myelodysplastic syndromes: the mutation is stable during dis-
ease evolution. Am J Hematol. 2014;89:E109-E115.

McClure RF, Ewalt MD, Crow J, et al. Clinical significance
of DNA variants in chronic myeloid neoplasms: a report
of the association for molecular pathology. J Mol Diagn.
2018;20:717-737.

Kondo T, Okabe M, Sanada M, et al. Familial essential thrombo-
cythemia associated with one-base deletion in the 5'-untranslated
region of the thrombopoietin gene. Blood. 1998;92:1091-1096.

. Budde U, van Genderen PJ. Acquired von Willebrand disease

in patients with high platelet counts. Semin Thromb Hemost.
1997;23:425-431.

Lancellotti S, Dragani A, Ranalli P, et al. Qualitative and quanti-
tative modifications of von Willebrand factor in patients with es-
sential thrombocythemia and controlled platelet count. J Thromb
Haemost. 2015;13:1226-1237.

Bodo I, Eikenboom J, Montgomery R, et al. Platelet-dependent
von Willebrand factor activity. Nomenclature and methodology:
communication from the SSC of the ISTH. J Thromb Haemost.
2015;13:1345-1350.

. Flood VH, Gill JC, Morateck PA, et al. Common VWF exon 28

polymorphisms in African Americans affecting the VWF activity
assay by ristocetin cofactor. Blood. 2010;116:280-286.

The diagnosis, evaluation, and management of von Willebrand
disease2007 December 2007. Report No.: NIH Publication No.
08-5832.

Nichols WL, Hultin MB, James AH, et al. von Willebrand disease
(VWD): evidence-based diagnosis and management guidelines, the
national heart, lung, and blood institute (NHLBI) expert panel re-
port (USA). Haemophilia. 2008;14:171-232.

How to cite this article: Yee MEM, Batsuli G, Chonat
S, Park S. Thrombocytosis with acquired von
Willebrand disease in an adolescent with sickle cell
disease. Clin Case Rep. 2021;9:457-460. https://doi.
org/10.1002/ccr3.3556



https://orcid.org/0000-0001-6082-8385
https://orcid.org/0000-0001-6082-8385
https://orcid.org/0000-0001-6082-8385
https://orcid.org/0000-0002-5909-0800
https://orcid.org/0000-0002-5909-0800
https://doi.org/10.1002/ccr3.3556
https://doi.org/10.1002/ccr3.3556

