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ABSTRACT

In this review, we summarize updates on management of disorders of primary homeostasis, including immune
thrombocytopenic purpura (ITP) and von Willebrand disease (VWD). The role of platelet transfusions in ITP and the
management of abnormal uterine bleeding in VWD are also discussed.

INTRODUCTION

Hemostasis, the physiologic process of stopping bleeding, requires brisk generation of platelet plugs at the site of vascular
injury and subsequent thrombin and fibrin formation. Disorders of primary hemostasis occur due to abnormal platelet plug
formation. To produce effective platelet plugs, three key components are needed: a) adequate functional platelets, b) von
Willebrand factor (VWF), the molecular glue mediating adhesion of platelets to the injured vessel wall, and ¢) a normal blood
vessel constricting in response to damage (Table 1).!

COMPONENTS INVOLVED CAUSES

Platelet Quantitative or qualitative platelet diseases

von Willebrand factor Deficiency or dysfunction of von Willebrand factor

Vessel wall Vasculitis or diseases of connective tissue that supports the vasculature

Table 1: Summarizes the common etiologies of disorders of primary hemostasis.

Thrombocytopenia can be caused by decreased production (e.g., bone marrow failure), increased destruction, or abnormal
distribution (e.g., splenomegaly) of platelets. Increased destruction of platelets occurs via immune mechanisms, such as
immune thrombocytopenic purpura (ITP), or non-immune mechanisms, such as microangiopathic diseases (e.g., thrombotic
thrombocytopenic purpura, hemolytic uremic syndrome) and increased consumption (e.g., disseminated intravascular
coagulation). Platelet dysfunction can occur via various mechanisms including abnormal adhesion or aggregation.
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Von Willebrand disease (VWD) is the most common inherited bleeding disorder and is caused by deficient or defective vVWE,
resulting in abnormal platelet adhesion. Platelet dysfunction may also be related to acquired etiologies such as medications
(e.g., aspirin or non-steroidal anti-inflammatory drugs) or azotemia. Blood vessel malfunction secondary to inflammation of
the blood vessels (e.g., Henoch-Schonlein purpura) or connective tissue disorders (e.g., Marfan and Ehlers-Danlos syndromes)
may also lead to bleeding.

Immune Thrombocytopenic Purpura

ITP is an immune-mediated condition that results in an isolated low platelet count of less than 100,000/mL with or without an
underlying condition. In secondary ITP, underlying diseases such as human immunodeficiency virus or hepatitis C infection,
systemic lupus erythematosus, or malignancy can trigger the type II hypersensitivity reaction leading to antibody-mediated
destruction of platelets. In general, treatment indication depends on clinical stability of the patient, i.e., whether there is
any moderate to severe bleeding. First-line treatment is corticosteroids. Intravenous immunoglobulin (IVIG) or anti-D
immunoglobulin can be used in cases where corticosteroids are contraindicated or refractory. In recent years, thrombopoietin
receptor agonists have also become established as standard treatment. Further recommendations on ITP management in
pediatric patients are outlined below.

Updates in Guidelines

The American Society of Hematology (ASH) and University of Oklahoma Health Sciences Center in 2019 coordinated a
panel of adult and pediatric hematologists along with two patient representatives to review and update the 2011 guidelines
for management of ITP? Key features of pediatric ITP management in the 2019 compared to 2011 guidelines include:

1. Regardless of platelet count, for children with newly diagnosed ITP who have no or mild bleeding, (i.e., skin
manifestations only such as petechiae or purpura), outpatient over inpatient treatment is conditionally recommended.
Exceptions include patients who have an uncertain diagnosis, social concerns, or potential poor follow-up; these
patients may benefit from hospitalization. The provider should ensure that the patient has prompt follow-up with a
hematologist within 24 to 72 hours of diagnosis.

2. Both the 2011 and 2019 guidelines recommend that children with ITP who have minor or no bleeding should be
observed versus having corticosteroids or IVIG administered (strong recommendation).

3. For children with newly diagnosed ITP who have non-life-threatening mucosal bleeding (ie prolonged epistaxis
or wet purpura) and/or diminished health-related quality of life, corticosteroids are preferred over IVIG or anti-D
immunoglobulin (conditional recommendation).

4. In children with ITP who have mucosal bleeding and/or decreased health-related quality of life, corticosteroids therapy
should be 7 days or less (strong recommendation). Prednisone at 2-4 mg/kg per day with 120 mg daily maximum for
5-7 days is preferred over dexamethasone at 0.6 mg/kg per day with 40 mg per day maximum for 4 days (conditional
recommendation).

There is no preference for anti-D immunoglobulin versus IVIG.

Thrombopoietin receptor agonist (TPO-RA), rituximab and splenectomy, are second-line therapies. In children who
do not respond to first-line treatment (corticosteroids, IVIG or anti-D immunoglobulin), TPO-RAs are preferred
over rituximab and splenectomy (conditional recommendation); rituximab is preferred over splenectomy (conditional
recommendation).

Utility of platelet transfusion in ITP

In 1992, the British Paediatric Haematologic Group suggested restrictive platelet transfusion for the management of ITP (i.e.,
transfuse for life-threatening bleeding such as intracranial hemorrhage only).? The group suggested a “watch and wait” for
those patients with only bruising or petechiae rather than treating a number (i.e. platelets <10k-30k).> The rationale behind this
observational approach to children with ITP and no overt bleeding accounts for the low risk of bleeding without treatment;
moreover, treatment does not change the natural history of the disease, and treatment can have harmful side effects. This
approach was initially met with resistance, but over time has gained acceptance. In 1995, the proportion of children receiving
medical treatment for ITP in the United Kingdom was 61% and fell to 16% by 2009.* This approach was eventually adopted
by ASH in 2011 and reiterated in the most recent ASH guidelines in 2019 as well as in the recommendations of a separate
group, the “International consensus report on the investigation and management of primary immune thrombocytopenia.>””
Switching to an observational approach for children with minimal bleeding symptoms did not influence bleeding rates or
require treatment alteration in children with ITP in a single center study of over 300 children with ITP.?

Novel therapies for ITP
1. Thrombopoietin receptor agonists

One of the most recent advances in ITP management is the class of medications called thrombopoietin receptor agonists (TPO-
RAs) which include romiplostim, eltrombopag, avatrombopag, and lusutrombopag. TPO-RAs interact with the thrombopoietin
(TPO) receptor on megakaryocytes to activate platelet production. The mechanism, efficacy and safety of TPO-RAs are
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well-studied. In a mouse model, treatment with TPO resulted in increased platelet counts and reduced IgG anti-platelet
antibodies, suggesting that TPO-RAs may also exert effects via immunomodulation.” The efficacy and safety of self- versus
healthcare professional administration of romiplostim was recently evaluated. Self-administration did not increase adverse
effects and platelet responses were similar to those in patients administered romiplostim by healthcare professionals.” A
meta-analysis of the efficacy and safety of TPO-RAs in children with chronic ITP found that incidence of side effects was
comparable to control groups and that the most common side effects were headaches, epistaxis, upper respiratory tract
infection and nasopharyngitis.'!

Immunomodulators

Other advances in the development of immunomodulators include fostamatinib, and efgartigimod, which is in phase 3 trials
as of this writing. Fostamatinib is a tyrosine kinase inhibitor which was FDA-approved in 2018 for ITP. One study showed
that 34% of patients who had failed TPO agents achieved response with fostamatinib.'? Efgartigimod, a human IgG1 antibody
Fc-fragment that blocks neonatal Fc receptor and thus prevents recycling of IgG, has been shown to be well-tolerated in phase
2 trials. In addition, total IgG levels were reduced by 63.7% from baseline.” Finally, Panzyga, a novel human IVIG 10% has
been shown to be well-tolerated at high infusion rates with resultant rapid platelet increase in a clinical trial."* These promising
agents warrant further evaluation across age groups and in larger studies with TPO-RA refractory patients.

Prophylactic Platelet Transfusion

Given the critical role of platelets in primary hemostasis, prophylactic platelet transfusion is commonly performed to reduce
the risk of bleeding in patients with thrombocytopenia. Most bleeding associated with low platelet counts is mild, although
fatal bleeding involving critical sites such as lungs and brain may occur.” The risk of spontaneous bleeding associated with
thrombocytopenia is affected by multiple clinical factors including age (i.e., children and adolescents have overall higher
bleeding risk compared to adults) ¢, high fever, sepsis, disseminated intravascular coagulation, splenomegaly, vaso-occlusive
disease, and history of chemotherapy or allogeneic hematopoietic stem cell transplantation transfusion.'” Patients with these
clinical factors may require more aggressive prophylactic platelet transfusion (e.g., higher trigger threshold, larger and/or
more frequent dose).

The threshold for prophylactic platelet transfusion has continued to evolve until recently. A threshold of 20,000/mL had been
used for most patients until the 2000s. However, advances in the management of thrombocytopenic patients, particularly
with those with infections, have resulted in lower thresholds."” Several randomized controlled trials (RCTs) comparing the
bleeding risk of a 10,000/mL vs 20,000/mL threshold demonstrated no difference.’®*! Such findings were confirmed in the
Platelet Dosing (PLADO) study, a large multicenter RCT to establish prophylactic platelet transfusion dose; it also supported
10,000/mL as a prophylactic platelet transfusion threshold for stable hematology/oncology patients.'>*

Evidence supporting 10,000/mL as a trigger threshold in pediatric populations is less robust. The PLADO trial only included
198 children and adolescents out of 1,272 participants and the other RCTs listed above had limited pediatric involvement.*
Despite the paucity of pediatric data, both American Society of Clinical Oncology (ASCO) guidelines and International
Collaboration for Transfusion Medicine Guidelines (ICTMG) endorse 10,000/mL as a reasonable trigger threshold for
prophylactic platelet transfusion in children as well as adults.”**

For neonates, the threshold for prophylactic platelet transfusion has been debated without consensus, leading to significant
variation in transfusion policy among providers and centers. The multicenter RCT PlaNeT?2 investigated the trigger for
prophylactic platelet transfusion in this population.” In this trial, 660 preterm infants with severe thrombocytopenia were
randomly assigned to receive platelet transfusion when the platelet count was less than 50,000/mm? (the high threshold
group) vs. 25,000/mm? (the low threshold group). The trial showed that major bleeding (e.g., intracranial hemorrhage) or
death occurred more frequently in the high threshold group than in the counterpart, implying the benefits of the lower trigger
threshold for prophylactic platelet transfusion.

Von Willebrand Disease

Von Willebrand disease (VWD) is the most common inherited bleeding disorder, affecting up to 1 percent of the population.*
It is a disorder of primary hemostasis caused by a defect or deficiency of the multimeric glycoprotein von Willebrand factor
(VWF) leading to impaired platelet adhesion and aggregation to exposed collagen at sites of injury. vVWF facilitates platelet
binding via mediation of GPIIb/IIIa receptors, promoting platelet plug formation. vVWF also acts as a chaperone for clotting
factor VIII, preventing its breakdown.

VWD is classified into three types based on bleeding severity, inheritability, and a qualitative versus quantitative deficiency
of vVWF protein.”” Each type of VWD is caused by a wide spectrum of mutations affecting a variety of genetic loci. Type 1 is
inherited in an autosomal dominant fashion and is a quantitative disorder characterized by a partial loss of vWE. It is the most
common type of VWD, accounting for approximately 75% of patients. Type 2 is also autosomal dominant and is characterized
by several qualitative abnormalities resulting in dysfunctional vVWE Type 2 is further categorized into four subtypes based
on the genetic variants that cause each type. Type 3 is autosomal recessive and leads to the most severe disease with a nearly
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complete loss of vWE

The presentation of VWD is characterized by excessive mucocutaneous bleeding such as heavy menstrual bleeding, epistaxis,
easy bruising, prolonged bleeding from minor wounds, oral or gastrointestinal bleeding, or bleeding that may occur after
dental procedures, childbirth, or surgery. Joint bleeding is generally only seen in severe cases.

Diagnosis

The management of VWD centers around the proper diagnosis, which can often be challenging due to wide variability in
patient bleeding symptoms, variability in clinical practice, and lack of specific evidence to guide decision making. For this
reason, the American Society of Hematology (ASH), the International Society on Thrombosis and Haemostasias (ISTH),

the National Hemophilia Foundation (NHF), and the World Federation of Hemophilia (WFH) came together to develop
evidence-based guidelines to ensure accurate diagnosis.*®

As with any disorder, initial diagnosis begins with a strong history and physical. If there is clinical suspicion of a bleeding
disorder but a low probability of VWD (often seen in the primary care setting), the recommendation is to first use a standardized
bleeding assessment tool to determine if a patient needs specific blood testing.

For patients with intermediate risk (e.g., significant bleeding history such as heavy bleeding with surgical procedures, dental
extractions and/or childbirth, frequent nosebleeds lasting more than ten minutes, and heavy and/or prolonged menstrual
bleeding; abnormal initial labs) or high risk (e.g., affected first-degree relative) probability of VWD, the recommendation is to
use specific blood testing versus a bleeding assessment tool. Blood testing should include a CBC, CMP, PT/PTT with or without
fibrinogen, factor VIII level, total vWF antigen plasma levels (VWF:Ag) and tests of specific vVWF platelet binding activity.
VWD diagnostic testing should be performed when patients are at a baseline state of health as vVWF is an acute-phase reactant.

Traditionally, the ristocetin co-factor assay (vWF:RCo) was the preferred test for von Willebrand activity. This assay applies
the glycopeptide antibiotic ristocetin to induce vVWF binding to glycoprotein Ib-IX-V on target platelets. However, ASH
VWD 2021 guidelines recommend newer assays that more directly measure the platelet binding activity of vWF including
vWE:GP1bM and vWF:GP1b.?® These tests are not yet widely available but likely will become increasingly available in the
near future as they are currently recommended by the ASH guidelines.

ASH guidelines also specify the levels of vVWEF (i.e., vVWF antigen; vVWF:Ag) or platelet-dependent vVWF activity in diagnosis. The
full diagnostic algorithm of VWD is beyond the scope of this article and can be accessed in the 2021 ASH VWD guidelines.
However, in general, vWF:Ag levels above 0.50 IU/ml rule out diagnosis of VWD. Patients with both levels 0.30 to 0.50 IU/ml
and signs of bleeding, and patients with levels below 0.30 IU/ml should have their platelet-dependent vVWF activity/vVWF:Ag
ratio measured, which may distinguish a possible type 1 VWD from a type 2 VWD diagnosis. In addition, to confirm a
diagnosis of VWD type 1, ASH guidelines recommend using a vVWF level below 0.30 IU/mL, regardless of bleeding, and a
vWE level below 0.50 IU/mL in the presence of abnormal bleeding.

Management

Treatment of VWD focuses on stopping and preventing bleeding episodes. Management can include therapies that directly
increase VWF levels, such as desmopressin and vWF concentrates, as well as adjuvant therapies, such as the antifibrinolytics,
tranexamic acid or aminocaproic acid. There is significant variability in the treatment options offered to patients with VWD due
in part to variability in clinical practice and the wide variability in an individual patient’s bleeding symptoms. As such, ASH,
the International Society on Thrombosis and Haemostasis, the National Hemophilia Foundation, and the World Federation
of Hemophilia formed a multidisciplinary panel to establish comprehensive evidence-based guidelines for the management
of VWD.” The guidelines provide evidence-based recommendations for patients and clinicians regarding prophylaxis for
recurrent bleeding, desmopressin trials, use of antiplatelet agents and anticoagulants, target vVWF and factor VIII activity
levels for surgery or procedures, and management of heavy menstrual bleeding. Published in 2021, these guidelines provide
an update to the Quick Reference Guide for Management of VWD published by ASH in 2012:

1. In patients with VWD who have history of severe or recurrent bleeding, use long-term prophylaxis treatment rather
than no prophylaxis (conditional recommendation).

2. In patients with VWD who are eligible to receive desmopressin (primarily type 1 VWD, contraindicated in types 2B,
and 3) and who have vWF levels <0.30 IU/mL, perform a desmopressin trial and treat based on the results, including
the use of tranexamic acid or vVWF concentrate (conditional recommendation).

a. Itis not recommended to treat eligible patients with desmopressin in the absence of a desmopressin trial.
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3. In patients with VWD and a history of cardiovascular disease, give the necessary antiplatelet or anticoagulant therapy
versus no treatment (conditional recommendation).

4. In patients with VWD undergoing major surgery, both Factor VIII and vWF activity levels should be >0.50 IU/mL for
at least 3 days after surgery (conditional recommendation).

a. Target both Factor VIII and vWF activity levels.

b. This recommendation includes procedures where even a small amount of bleeding could critically affect organ
function (e.g., central nervous system).

c. These patients should not receive desmopressin as sole therapy.

5. In patients with VWD undergoing minor surgery, increase vVWF levels to 20.50 IU/mL with desmopressin or factor
concentrate along with tranexamic acid and not just with desmopressin or factor concentrate alone (conditional
recommendation).

a. In patients with type 1 VWD with baseline activity levels >0.30 IU/mL and mild bleeding, consider using
tranexamic acid alone versus increasing vVWF levels to >0.50 IU/mL with desmopressin or factor concentrate
if undergoing a minor surgery or procedure.

b. Finally, throughout the course of treatment, it is imperative to reassess bleeding symptoms, bleeding risk, and
the need for prophylaxis.

VWD and abnormal uterine bleeding

VWD affects males and females equally, however the presentation of abnormal uterine bleeding or heavy menstrual bleeding
(HMB) in adolescence may alert providers to patients with potential VWD. Indeed, HMB is a common manifestation of
VWD and is often the presenting symptom for patients with VWD in the primary care setting. Approximately 15-30% of
women with HMB may have a bleeding disorder.** HMB affects quality of life, can lead to absenteeism, and is responsible for
2/3 of hysterectomies performed during reproductive age. HMB is defined as a loss of greater than 80 mL of menstrual blood
per cycle, which equates to having to change a tampon or pad more than once an hour, clots greater than one inch, soaking
through pajamas/sheets at night, periods lasting seven days or longer, and a low ferritin (less than 10-15 based on age). If any
one of these screening criteria are positive in a patient of reproductive age, ACOG recommends initiating a bleeding workup.*!

ASH 2021 guidelines include recommendations for managing heavy menstrual bleeding in patients with VWD. Treatment
options include combined hormonal contraception, levonorgestrel-releasing intrauterine system, and tranexamic acid and
are recommended over desmopressin.” In general, these patients should be regularly for iron deficiency and/or anemia.
Additionally, women with known bleeding disorders and HMB should undergo a standard gynecological assessment to rule
out pathologic causes (e.g., fibroids, polyps) of HMB.

CONCLUSIONS

In recent years, translational and clinical research advances in the field of primary homeostasis have resulted in ongoing updates
to clinical care guidelines. ITP, VWD and heavy menstrual bleeding are the more common disorders of primary homeostasis
that pediatricians are likely to encounter in practice. For the pediatrician, careful monitoring of guideline updates as well as
adapting conditional recommendations based on individual patient assessment will lead to the best patient outcomes.
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