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Type 2B von Willebrand disease (VWD) is an inherited bleeding disorder caused by changes in von Willebrand factor
(VWF) that enhance binding of VWF to GPIb on platelets. Although this disorder is seemingly well defined because of
this single molecular defect, in reality type 2B VWD is a clinically heterogeneous disorder that can be difficult to identify
and manage. Diagnostic criteria include a history of mucocutaneous bleeding, laboratory studies showing enhanced
VWEF binding of platelets and/or a 2B VWD genetic variant, and a family history consistent with autosomal dominant
inheritance. Thrombocytopenia, although not always present, is common and can be exacerbated by physiologic
stressors such as pregnancy. The mainstay of therapy for type 2B VWD is VWF replacement therapy. Adjunct therapies
useful in other types of VWD, such as antifibrinolytics, are also used in type 2B VWD. 1-Desamino-8-p-arginine va-
sopressin (DDAVP) is controversial because of exacerbation of thrombocytopenia, but is, in practice, sometimes used
for minor bleeding. Here we review the available evidence and provide 3 clinical cases to illustrate the intricacies of
diagnosing type 2B VWD to describe the response to DDAVP and to review complexities and management during

pregnancy. (Blood. 2018;131(12):1292-1300)

Introduction

von Willebrand disease (VWD) is a common and complex dis-
order, with >20 distinct historical subtypes. These descriptions
formed the basis for the simplified classification of VWD’
(Table 1) by consolidating subtypes with similar features. The
diagnosis of VWD is based on mucocutaneous bleeding, ab-
normal von Willebrand factor (VWF)-specific laboratory studies,
and family history. Type 2 forms of VWD are characterized
by qualitative abnormalities of VWF structure and/or function.
Although type 2 VWF is functionally defective, the antigen
(quantity) of VWF found in type 2 VWD patients can be normal.
This can delay the diagnosis of VWD or lead to incorrect clas-
sification in the absence of more complete VWF laboratory
testing.

Type 2B VWD is distinguished from other type 2 VWD types
by a gain-of-function defect in VWF that causes enhanced
VWF-platelet interactions via platelet GPlb. Other laboratory
features, such as loss of high-molecular-weight VWF multimers
and thrombocytopenia, are common in type 2B VWD, but are
not universal.2 The mainstay of type 2B VWD treatment is VWF
replacement therapy. Adjunctive therapies common in other
types of VWD are also useful in type 2B VWD, including anti-
fibrinolytics (aminocaproic acid, tranexamic acid), topical hemo-
static agents, and interventions for uterine bleeding (intrauterine
devices, hormonal therapies, anatomic measures). Thrombocy-
topenia, a distinctive feature of type 2B VWD, is not always
present at baseline; the contribution to bleeding and need for
platelet transfusion poorly defined. 1-Desamino-8-p-arginine va-
sopressin (DDAVP) is controversial because of exacerbation of
thrombocytopenia, but in practice is used by some patients for
minor hemostatic challenges.
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This article uses clinical cases to delineate the intricacies of di-
agnosing type 2B VWD, examine treatment options, and discuss
management of bleeding and pregnancy in this disorder.

Diagnosis of type 2B VWD
Case 1

A 27-year-old woman presented with bleeding from an upper
ear piercing. She tolerated the piercing, but several hours later
started bleeding “like a spring,” saturating towels. An ambu-
lance was called when she developed dizziness and vomiting.
In the emergency room, the piercing site was clamped. She re-
ported a lifelong history of epistaxis, easy bruising, and vaginal
bleeding requiring multiple transfusions but improved on oral
contraceptive pills. Her physical examination was only remark-
able for tachycardia and profuse bleeding each time the clamp
was released. Her laboratory studies showed decreasing he-
moglobin and platelet counts and unremarkable screening co-
agulation tests (Table 2). Three units of packed red blood cells
were ordered, Hematology was consulted, and additional lab-
oratory studies were ordered. Empirically, aminocaproic acid
1 g IV was administered and the patient maintained hemostasis
after clamp release. On hospital day 1, she felt improved, her ear
piercing bandage remained dry, her complete blood count
was improved, and laboratory studies suggested VWD. She was
discharged on oral aminocaproic acid for outpatient evaluation.

In the clinic, she reconfirmed her bleeding history and also re-
ported that her mother had bleeding after miscarriage and a
gluteal intramuscular injection site hematoma requiring surgery.
Laboratory studies were obtained (Table 2), which supported the
diagnosis of type 2B VWD.
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Table 2. Laboratory diagnosis of type 2B VWD in a
27-y-old woman with life-threatening bleeding after
ear piercing (case 1)

Tests Results* Test parameters

Coagulation

aPTT, s 25.6 24.0-30.9

PT, s 9.5 9.5-12.7

INR 0.9 0.8-1.2

TT, s 19 16-21

Fibrinogen activity, 199 231-411
mg/dL

Blood cell counts

Hct 259 (L) 34%-43%
Plt 125 (1) 130-330
MPV 11.9

VWD
VWF:Ag 56 49%-173%
VWEF:RCo 18 (L) 37%-154%
VWF:CB 20 (L)
FVIII activity 94 52%-152%

VWEF multimers Abnormal | Missing high- and some
intermediate-molecular-

weight multimers

Platelet laboratory

RIPA 85 Risto 1.5 mg/mL
84 Risto 1.0 mg/mL
82 (H) Risto 0.5 mg/mL
Other platelet Normal Agonists: ADP, collagen,

aggregation tests epinephrine, arachidonic

acid, U44619 (TXA2)

Genetic
VWEF exon 28 genotype | Pathogenic | VWF c.[3922C>T]+[=],
variant p.[Arg1308Cys]+[=]
detected

ADP, adenosine 5'-diphosphate; aPTT, activated partial thromboplastin time; CB, collagen
binding; H, high; Hct, hematocrit; INR, international normalized ratio; L, low; MPV, mean
platelet volume; Plt, platelet; PT, prothrombin time; RBC, red blood cell; TT, thrombin time.

*2 d after RBC transfusion; see case 1 for presenting complete blood count.

Discussion of case 1 Patients with an inherited bleeding dis-
order often remain undiagnosed into adulthood. Mucocutane-
ous bleeding, the pattern seen in this patient and her mother, is
indicative of a defect in primary hemostasis, with the most likely
diagnoses being VWD,? although an inherited platelet disorder
could also be consistent with this presentation.

In approaching the diagnosis, it is important to understand the
physiology of VWF. VWF normally interacts with platelets to
mediate platelet aggregation and localize platelets to sites of
vascular injury.* Normally, circulating VWF does not interact
significantly with platelets, but rather interacts with platelets
once VWF becomes tethered, such as when VWF binds to an
injured vessel wall. Primary VWF-platelet binding occurs be-
tween the VWF A1 domain and GPlb on platelets, and secondary
binding occurs between the platelet GPllb-llla complex and
VWF C domain (Figure 1). In type 2B VWD, VWF-GPIb platelet
binding is pathologically enhanced, resulting in abnormal complexes
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between platelets and large adhesive forms of VWF. These com-
plexes, not seen in other subtypes of VWD, are thought to account
for the thrombocytopenia and depletion of large VWF multimers
observed in many, but not all, cases of type 2B VWD.** The
degree of thrombocytopenia can vary and may be exacerbated
at times of increased VWF production or secretion, such as during
physical effort, inflammation, or pregnancy. Thrombocytopenia
is rarely so severe as to be thought to contribute to clinical
bleeding.”® In this patient, the mucocutaneous bleeding history,
maternal bleeding, and unexplained thrombocytopenia raised
clinical suspicion for type 2B VWD.

This patient’s evaluation illustrates a common path to making
the laboratory diagnosis of VWD. Appropriate processing of
laboratory samples is critical for VWF evaluations?; pseudo-
thrombocytopenia and other causes of thrombocytopenia
should be excluded. When VWD is suspected, initial testing
should include factor VIII procoagulant activity (FVIII:C);
VWF antigen (VWF:Ag), a measure of platelet-dependent
VWEF activity; and consideration for VWF-collagen binding. VWF
multimer analysis is needed to distinguish types of VWD. For
type 2B VWD, ristocetin-induced platelet aggregation (RIPA)
studies and/or genetic testing are needed to establish the
diagnosis (Table 1).

The standard measure of VWF platelet-dependent activity is
VWEF ristocetin cofactor activity (VWF:RCo), which, in its con-
ventional form, quantitates the ability of plasma VWF to agglu-
tinate washed or formalin-fixed platelets via platelet membrane
glycoprotein 1ba in the presence of ristocetin.’® Importantly,
ristocetin binds to both VWF and platelets.’'? In VWF:RCo,
normal platelets are used; therefore, this assay should reflect
variation in VWF only. The RCo assay has long been consid-
ered to be a sensitive and specific test for VWD."® The assay
is limited, though, by high disparity and low sensitivity’*'> and
can be affected by benign VWF genetic variants.'® Other methods
have been developed for platelet-dependent VWF activity'*"”
and studies are ongoing to better understand VWF:RCo
alternatives.

In type 2 VWD, VWF:RCo can be disproportionately decreased
relative to VWF:Ag. This is usually the case in type 2A VWD and
sometimes in type 2B, in large part because of the dependence
of the ristocetin-mediated platelet-VWF interaction on the pre-
sence of larger VWF multimers. A ratio of VWF:RCo/VWF:Ag <0.7
is often observed in type 2 VWD. In VWD, a conservative screen-
ing ratio threshold of 0.6 has been proposed to proceed to spe-
cific testing for a qualitative (type 2) VWF defect.*'® In this patient,
the VWF:RCo was very low (18%) and the VWF:RCo/VWF:Ag ratio
was 0.3, highly suggestive of type 2 VWD.

Analysis of plasma VWF multimers is critical for the proper
diagnosis and classification of VWD.® The normal multimeric
distribution is an orderly ladder of major protein bands of in-
creasing molecular weight, going from the smallest to the
largest VWF multimers separated by agarose gel electropho-
resis. The VWF:RCo/VWF:Ag ratio is less sensitive than multimer
gel techniques in identifying qualitative VWF defects,’ sup-
porting a continued important role for VWF multimer analysis
in the evaluation of VWD. In type 2B VWD, multimer patterns
can vary from pronounced absence of high-molecular-weight
multimers to normal.? Our patient also had a markedly abnormal
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Table 3. Laboratory monitoring of patient with type 2B VWD during pregnancy (case 3)

Gestational age, wk aPTT (s) Factor VIII:C (%) VWEF:RCo (%) VWF:Ag (%) Platelet count (x103/mm?3)
Historical — 53 <10 60 350
9 — 60 12 52 163
20 — 92 19 61 149
26 26.5 112 <5 77 134
31 26.6 103 5 73 163
33 27 151 21 113 82
85 — 136 17 117 31

VWF multimer pattern (Figure 1A), narrowing her VWD diagnosis
to type 2A VWD, 2B VWD, or platelet-type VWD.

Distinct from VWF:RCo, the RIPA assay measures VWF-platelet
interactions by adding ristocetin directly to patient platelet-rich
plasma and measuring platelet aggregation. RIPA is the primary
VWEF functional assay that can distinguish type 2A from 2B VWD.
Hyperresponsiveness in the RIPA at low ristocetin concentrations
(<0.7 mg/mL) is diagnostic of VWF-GPIb enhanced function and
indicative of either type 2B VWD or, less commonly, platelet-
type VWD. In this patient’s case, RIPA demonstrated enhanced
high activity at low-dose ristocetin (Table 2).

It is critical to distinguish type 2B VWD from platelet-type VWD
either by genetic testing or specialized testing (Table 1) be-
cause platelet-type VWD is not responsive to VWF replacement
therapy. Platelet-type VWD is a GPlb gain-of-function platelet
defect that causes hyperfunctional platelets and phenotypically
mimics VWD with mucocutaneous bleeding, loss of higher VWF
multimers, enhanced RIPA, and variable thrombocytopenia.?°
The correct diagnosis can be established by specialized RIPA
mixing tests that reconstitute separated patient blood compo-
nents (plasma and platelets) with normal donor components
(platelets and plasma) to determine if the gain-of-function RIPA
abnormality is conferred by the patient's plasma (VWF) or
platelets.?” Additionally, newer tests that use immobilized gain-
of-function GPIb to measure VWF activity have also been re-
ported to distinguish 2B VWD.?223 However, these tests require
specialty laboratories and are not widely available. Alternately,
the diagnosis of type 2B VWD can be made through genetic
testing.242°

Genetic testing can be diagnostic for type 2 VWD? because
multiple known causative DNA variants have been reported in
the VWF A1 domain (Figure 2).2¢ VWD genotyping can also be
informative as to concordance of the patient's presentation
with known type 2B phenotypes because a spectrum of VWF A1
domain variants have been associated with varying degrees
of abnormalities in multimers and platelet counts.? DNA se-
quencing of VWF exon 28 confirmed the diagnosis of type 2B
VWD in this patient by identifying the pathogenic variant VWF
€.3922C>T, p.Arg1308Cys.

Notably, platelet function analyzer 100 (PFA-100) closure
times were not informative in this case. The PFA-100 system,

HOW | TREAT TYPE 2B VWD

which measures platelet binding under high shear,?”?® is
controversial in the diagnosis of VWD, and some type 2 VWD
patients can have normal results.?? Additionally, relevant to
this case, PFA-100 closure time is confounded by anemia and
thrombocytopenia.®

Now that a proper diagnosis of type 2B VWD has been estab-
lished in this patient, she should receive VWF factor replacement
for hemostatic challenges in the future. This case also illustrates
the usefulness of antifibrinolytic and hormonal therapies in im-
proving bleeding in type 2B VWD, both of which were used with
success before her diagnosis.

Thrombocytopenia and DDAVP in

Type 2B VWD
Case 2

An 18-year-old woman was attending a VWD educational pa-
tient event. She listened intently and then asked how much the
lecturer knows about immune thrombocytopenia (ITP). She re-
ports being diagnosed with VWD atage 6 and ITP atage 12. She
has a lifelong history of easy bruising, childhood epistaxis, and a
family history of VWD. She does not know her VWD type or
baseline laboratory levels. Shortly after menarche, she started
having heavy menstrual bleeding lasting up to 2 to 3 weeks,
saturating protection every 30 to 60 minutes on heavy days. She
missed school because of heavy menstrual bleeding. She did
not tolerate oral contraceptive pills because of depression or
antifibrinolytics because of nausea and headaches. She was in-
structed to take DDAVP nasal spray on the first and second days of
her menses. Although the DDAVP symptomatically helped with
menstrual flow, she states she “developed ITP, which always got
worse after taking desmopressin.”

In type 2B VWD, DDAVP is thought to cause release of higher
molecular weight and hyperfunctional VWF, provoking platelet
aggregation and thrombocytopenia. This caused clinical con-
cern for the potential to exacerbate bleeding or that circulating
platelet aggregates could be harmful®' and resulted in the
longstanding practice of avoiding the use of DDAVP in type 2B
VWD. Around 30% to 38% of patients with VWD 2B are
thrombocytopenic at baseline, which correlates to the absence
of large VWF multimers and genotype.? Bleeding severity in
1 study correlated inversely to platelet count,? but there was no
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Figure 1. Common VWF A1 domain variants in type 2B VWD. Scale schematic of VWF showing the common VWF domains (gray boxes). The exons encoding each domain
are numbered and the VWF regions associated with specific VWF functions are shown. In type 2B VWD, variation in the VWF A1 domain (encoded within VWF exon 28)
confers enhanced binding to platelet GPlb. Amino acid residues with recurring substitutions reported in type 2B VWD? are shown.

correlation in a more recent cohort.? Stressors such as preg-
nancy, infection, and surgery can result in decreased platelet
counts, which may partially correlate to genotype.3? A decrease
in platelet count is also experienced and tolerated in patients
with type 2B VWD under physiologic conditions, such as exer-
cise.®®* DDAVP-provoked thrombocytopenia is transient, reach-
ing its lowest count after 30 minutes, and rising again over the
next 4 hours.®* It has been proposed that this thrombocytopenia
is not related to platelet activation and consumption, but rather
to transient agglutination and release.*® In type 2B VWD, the
bleeding time (which is no longer recommended) is improved
by DDAVP, but it usually does not correct completely and is
independent of the platelet count.3**” An older review of 7 pa-
tients found DDAVP can be effective and well tolerated when
used prophylactically for surgery (hysterectomy, cholecystectomy,
dermoid cyst removal) or dental extraction in type 2B VWD,*’
but data from larger cohorts are not available.

This patient does not have primary ITP.*® Rather, this history of
thrombocytopenia after DDAVP raised suspicion for type 2B
VWD. A laboratory investigation confirmed this diagnosis. Be-
cause DDAVP was well tolerated and improved her menstrual
flow, we did not withhold DDAVP as a treatment option for her
menses. For more significant hemostatic challenges, VWF re-
placement therapy is recommended.

DDAVP is more economical than factor concentrate and can
be self-administered at home intranasally. Side effects when
using nasal desmopressin are common (68% in a case review of
40 patients),*? the most common of which are headache, fatigue,
flush, itchy eyes, and dizziness, which generally subside after
24 hours.4*4" Although most adverse events are mild, some re-
quire medical attention and can be serious.*?#' Fluid restriction is
important to avoid iatrogenic hyponatremia, and tachyphylaxis
occurs with repeated dosing. Some patients report nausea,
possibly in association with lower sodium levels. When DDAVP
is considered, a pharmacokinetic study is recommended for all
types of VWD. In type 2B VWD, before considering DDAVP, we
recommend a monitored study demonstrating the platelet nadir
and kinetics of platelet recovery in addition to VWF respon-
siveness. Studies in type 2B VWD to further define DDAVP’s
hemostatic effectiveness and to evaluate adverse effects, in-
cluding bleeding or thrombosis related to exacerbated thrombo-
cytopenia or circulating platelet aggregates, would be beneficial.
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Type 2B VWD and pregnancy

Case 3

A 23-year-old woman with type 2B VWD presented at 9 weeks’
gestation requesting a plan for her pregnancy, labor, and delivery.
Prepregnancy testing found an FVIII:C of 53%, VWF:RCo of <10%,
VWF:Ag of 60%, and a platelet count of 350 X 103/mm?3. Her
multimer analysis showed loss of higher weight VWF multimers
(Figure 1B). She appeared healthy. Repeat testing in the clinic
showed an FVIII:C of 60%, VWF:RCo of 12%, VWF:Ag of 52%,
and a platelet count 163 X 103/mm?3.

In healthy pregnancy, VWF:Ag levels become markedly in-
creased (~250%) by the time of delivery. VWF:RCo and FVIII:C
are also elevated by ~200% and ~150%, respectively.#?43
Larger VWF multimers can also be lost in normal pregnancy with
advancing gestation.*? In women with type 2B VWD, VWF:Ag
and VWF:RCo tend to increase (although not to normal preg-
nancy levels), and thrombocytopenia, if not evident prepregnancy,
often becomes apparent and progressively worsens during
pregnancy.”-44:43

The patient returned at 20 weeks’ gestation. An ultrasound
revealed complete placenta previa, for which her obstetrician
recommends cesarean section (C-section) at 34 weeks' gesta-
tion. She appeared healthy and had not had bleeding symptoms.
Her FVIII:C was 92%, VWF:RCo 19%, VWF:Ag 61%, and platelet
count 149 X 103/mm?3 (Table 3).

For birth planning in VWD, guidance has been proposed by several
groups, but there is no consensus as to monitoring, dosing,
and duration of therapy.??454¢ Because VWF levels can change
throughout pregnancy, laboratory testing at 34 to 36 weeks' ges-
tation is recommended to assess VWF levels closer to delivery.* We
monitor platelet counts (and VWF, when possible) weekly thereafter.

Although VWF replacement for C-section is recommended to
achieve >50% VWF:RCo, in type 2B VWD, we treat C-section as a
more major surgery, aiming for a VWF:RCo closer to ~80% to
100%* and a platelet count >50 X 10%/mm?3. Various plasma-
derived VWF/FVIII concentrates are approved for treatment of
VWD (Alphanate, Humate P, Wilate). A recombinant VWF (Vonvendi)
is available, but there are no data in pregnancy. A typical dose of
plasma-derived pdVWF/FVIII before the first procedure is 40 to
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Baseline
26 wks
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35 wks
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Multimer
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» »»

Figure 2. VWF multimer analysis of type 2B VWD cases. VWF multimer analysis
(1% agarose gel) demonstrates the characteristic deficiency of high-molecular-
weight multimers in 2 of the cases described with type 2B VWD. In each set of gel
images, the patient plasma is compared with a normal plasma control (N). (A) The
patient in case 1 (P) has loss of high- and some intermediate-weight VWF multimers.
Affected multimer sizes are indicated by the bracket. (B) The patient in case 3 shows
persistent deficiency of large- and some intermediate-weight VWF multimers on
this VWF:Ag normalized multimer gel comparing a sample from her baseline
(from an archival plasma sample) with samples during gestation (indicated in
weeks [wks]).

60 IU/kg (based on VWF:RCo units). Maintenance VWF dosing
should be continued at one-half of the initial bolus dose every
8 to 24 hours,?? adjusting for VWF:RCo peak and trough levels
and monitoring FVIII:C to avoid levels >200% to 250%.

For thrombocytopenia <50 X 103/mm?3, we request platelet
transfusion within 30 minutes of procedure, targeting a post-
transfusion platelet count >50 x10%/mm?. For the duration, we
monitor platelet counts and repeat transfusions as needed.
Goals for maintenance treatment after delivery by C-section are
VWF:RCo activity >50% and platelet count >20 X 10%/mm?3 for
at least 5 days.¥

In our experience, anesthesiologists strongly prefer neuraxial an-
esthesia over general anesthesia for obstetric patients, including in
type 2 VWD patients. This requires we take a thoughtful approach
to VWD prophylaxis for neuraxial anesthesia. Epidural and spinal
anesthesia are both common. Generally, the risk of epidural he-
matoma in obstetrics is very low (1 in 168 000 or less),*®4? but the risk
of bleeding with neuraxial anesthesia in type 2B VWD is not known.
Although National Heart, Lung, and Blood Institute VWD guidelines
consider neuraxial anesthesia an option in VWD when VWF:RCo is
>50,% there have been strong recommendations against neuraxial
anesthesia in patients with type 2 (and specifically 2B) VWD because
of a lack of evidence and because of safety concerns.*>4 However,
there are case reports of successful epidural and spinal anesthesia
in type 2B VWD,*+*° and occasionally women diagnosed with
type 2B VWD later in life report tolerating neuraxial anesthesia
before their diagnosis was known. Our approach to neuraxial
anesthesia includes education of the patient on the risks and
prophylaxis with both VWF replacement and correction of
thrombocytopenia. Safe platelet counts and transfusion thresholds
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before lumbar puncture or epidural in general have not been
established, but a platelet threshold >50 X 10%/mm? is most
commonly recommended.*®5! Coordination with a multidisci-
plinary team on delivery of VWF-containing therapies, platelet
transfusion, monitoring, and minimization of trauma is essential.
We recommend that if neuraxial anesthesia will be performed, it
be done within 1 hour of VWF replacement therapy. If an epidural
is placed, we request removal as soon as possible after delivery
while drug levels are high.

At 34 weeks' gestation, ultrasound revealed resolution of the
placenta previa and C-section is no longer recommended. Re-
peat laboratory tests find a VWF:RCo of 21% and platelet count
of 82 X 103/mm?3 (Table 3). Her blood smear demonstrated some
platelet clumps (Figure 3A). The patient already had VWD
treatment recommendations for C-section, but now needed a
birth plan for vaginal delivery.

Current recommendations for vaginal delivery target a VWF:RCo
activity >50% and a platelet count >20 X 10%/mm?3.22454¢ We
note that this target is largely based upon treatment of non-
pregnant patients and falls well below the VWF:RCo levels
observed in healthy pregnancy.*?4* Recent studies have re-
ported high rates of postpartum hemorrhage (PPH) in VWD
despite VWF replacement, indicating that women remain at risk
for excessive postpartum bleeding despite seemingly adequate
treatment.>? Instrumentation should be avoided whenever
possible to reduce the risk of trauma to the mother.*® During the
final stages of labor (or for bleeding at any time), we recommend
an initial VWF replacement dose of ~60 IU/kg. For platelet
counts <20 X 10%/L, we recommend platelet transfusion, frequent
posttransfusion platelet count monitoring, and repeat transfusion
as needed.* Platelet transfusion thresholds are poorly defined,
and aggregation of transfused platelets is expected.** For the
duration of labor and delivery, repeat VWF replacement dosing
continues starting at one-half the initial bolus dose every 8 to
24 hours, adjusting using VWF:RCo peak and trough and moni-
toring FVIII:C to not exceed 200% to 250%.

At 35 weeks' gestation, FVIII:C was 136%, VWF:Ag 117%,
VWF:RCo 17%, and platelet count 31 X 10%/mm? (Table 3). There
was more platelet clumping on peripheral blood smear
(Figure 3B-C). At 38 weeks, she presents in labor. She receives VWF
replacement at 60 1U/kg. She does notreceive a platelet transfusion.
She has an uncomplicated vaginal delivery without neuraxial
anesthesia and without abnormal bleeding. She is maintained
on VWF replacement at ~30 |U/kg every 12 hours and started
on tranexamic acid 1300 mg orally 3 times daily. Three days
postpartum, her platelet count is 90 X 103/mm?3; she denies
heavy vaginal bleeding. She and her baby girl are doing well.
Cord blood VWD testing shows FVIII:C 17%, VWF:Ag 62%, and
VWF:RCo 10%, suggestive of VWD.

Prophylaxis for the postpartum period In healthy pregnancy,
VWEF levels peak 12 hours postpartum (mean VWF:Ag, 236 1U/dL;
mean VWF:RCo, 199 IU/dL) decrease significantly by 1 week
postpartum and return to baseline by 3 weeks.®? In type 2 VWD,
including 2B VWD, VWF levels are much lower than normal
throughout pregnancy, delivery, and the postpartum period.*344
In a recent retrospective study, low VWF:RCo was associated with
PPH, but, interestingly, VWF:Ag and FVIII:C were not.>3
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Figure 3. Peripheral blood smears showing platelet
clumping in a pregnant type 2B VWD patient. Pe-
ripheral blood smears (Wright stain) of the patient in
case 3, with arrows highlighting some of the platelet
clumps. (A) At 33 weeks' gestation showing some
platelet clumping; automated platelet count of 82 X
10%/mm? (X400 power). (B) At 35 weeks’ gestation
showing worsening platelet clumping; automated
platelet count 31 X 10%/mm? (X400 power). (C) Higher
magnification of platelet clumps at 35 weeks’ gestation

Delayed PPH is bleeding in the period between 24 hours and
6 weeks postpartum, and PPH is 15 to 20 times more common
in women with VWD.2%%4-%¢ VWD guidelines recommend repeat
dosing of VWF factor concentrate in the postpartum period
to keep VWF:RCo levels >50% for 3 to 5 days for vaginal and 5 to
7 days for C-section.??4¢ Collectively, studies find that women
with VWD bleed more postpartum than non-VWD women,
despite receiving treatment.??4® One study reported the aver-
age timing of presentation of PPH to be at 15.7 * 5.2 days
postpartum.®” Tranexamic acid appears to decrease the risk of
delayed PPH>3 and appears to be safe during lactation.*® For
type 2B VWD, we monitor closely, give VWF replacement for
3 to 7 days, consider platelet transfusion if needed, and initiate
antifibrinolytic therapy for at least 2 to 6 weeks postpartum.
If bleeding continues or recurs, additional treatment is used
and other causes of bleeding such as uterine atony or retained
products of conception should always be considered.

Four days postpartum, she denies excessive bleeding, her platelet
count is 65 X 10%/mm?, and ~30-minute postinfusion levels are:
FVIII:.C = 280%, VWF:RCo = 126%, and VWF:Ag = 369%. VWF
replacement dosing is reduced to 30 IU/kg every 24 hours for
another 3 days. She completes 2 weeks of tranexamic acid
therapy. Four weeks after her last dose of VWF replacement, she
calls complaining of heavy vaginal bleeding saturating 2 regular
pads per hour. Her platelet count is 160 X 10%/mm?. She is treated
with VWF replacement 60 1U/kg followed by 30 1U/kg daily for
2 days. Tranexamic acid is restarted. She achieves good control
of her bleeding.

Care of the neonate Type 2B VWD is an autosomal dominant
disorder, meaning each child has a 50% chance of inheriting
the disorder. VWD patients and families should be counseled on
the inheritance of VWD, ideally before pregnancy. Affected ne-
onates can have platelet counts <20 X 10%/mm? and are thought
to be at risk for bleeding and intracranial hemorrhage.>-¢' Low-
birth-weight preterm neonates (=32 weeks' gestation) may have
an increased GPlba expression on the platelet surface and strong
interactions with VWF, increasing hemorrhagic potential .®? There
is no evidence to recommend a route of delivery; however, de-
livery should be achieved by the least traumatic method to the
baby possible, avoiding invasive monitoring, prolonged labor,
and vacuum and forceps delivery.#”

Laboratory diagnosis of the neonate is challenging, but screening
may be able to be done on cord blood sampling. Infants with
type 2B VWD can have thrombocytopenia and platelet clumping
on peripheral smear.’ Cord blood FVIII:C and VWF:Ag may be
normal, but VWF:RCo can be decreased. Normal VWF levels on
cord blood do not exclude a VWD diagnosis because levels may
be elevated because of stress or handling.®® Genetic testing for
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a familial type 2B VWD variant can also make or exclude the
diagnosis.

The bleeding risk for infants is not known. Recommendations are
derived from a few case reports in the literature.>?#' Venipuncture
and intramuscular injections should be avoided when possible.
Circumcision should be considered only after consultation with the
hematologist, neonatologist, and parents. Because circumcision
is elective, we feel accurate diagnosis of the neonate should be
established before procedures.

Vitamin K can be given orally, and heel sticks should be monitored
carefully. Routine immunizations could be given subcutaneously.*”
In cases of thrombocytopenia, VWF replacement alone does not
appear to raise platelet count; thus, platelet transfusion in addition
to VWF replacement should be given for bleeding or invasive
procedures.’ Infants with profound thrombocytopenia (platelet
count <10 to 20 X 103/mm3) should be evaluated for other causes,
such as alloimmune platelet antibodies.**

Conclusion

The diagnosis and management of type 2B VWD requires an
understanding of the underlying enhanced VWF-platelet in-
teraction. Treatment is similar to other types of VWD, but special
consideration has to be given to situations that can worsen
thrombocytopenia, such as pregnancy. DDAVP is controversial
but may be a convenient option for some patients for minor
hemostatic challenges. The mainstay of 2B VWD treatment re-
mains VWF replacement and consideration of other VWD ad-
junct therapies, such as antifibrinolytics and hormonal therapies
for uterine bleeding. Pregnancy planning should be formulated
with a multidisciplinary team consisting of high-risk obstetrics,
anesthesia, hematology, neonatology, pharmacy, blood bank,
and an expert coagulation laboratory.*’
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