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Abstract

Background: In patients with mild type 1 von Willebrand disease (VWD), treatment

guidelines suggest individualization of surgical management. However, these condi-

tional recommendations are based on very low–certainty evidence due to limited data

on surgical outcomes in this population.

Objectives: To characterize procedural bleeding prophylaxis strategies and outcomes

in children with mild type 1 VWD.

Methods: This is a retrospective cohort study that included patients aged between

0 and 21 years with mild type 1 VWD (defined as von Willebrand factor antigen and/or

an activity of 30-50 IU/dL) who underwent a procedure from July 1, 2017, to July 1,

2022. Demographic, surgical, medication, and bleeding data were collected by manual

chart review.

Results: A total of 161 procedures were performed in 108 patients. The population was

primarily female (75%), White (77.8%), and non-Hispanic (79.6%). Median age was 15.8

years (IQR, 8.2-17.6). Fifty-nine surgeries were classified as major, 66 as minor, and 36

as dental. For most procedures, patients received only antifibrinolytics for bleeding

prophylaxis (n = 128, 79.5%); desmopressin was used in 17 (10.6%) procedures, and von

Willebrand factor concentrate was used in 12 (7.5%) procedures. Bleeding complica-

tions occurred in 8 (5.0%) procedures: these included 1 major, 4 clinically relevant

nonmajor, and 3 minor bleeding events. No patient required blood transfusion or an

additional procedure to achieve hemostasis. Most bleeding complications were seen

following intrauterine device (IUD) placement (5/8). Nearly 30% of patients who un-

derwent IUD placement reported bleeding.

Conclusion: Pediatric patients with mild type 1 VWD can safely undergo procedures

using a tailored approach. Bleeding complications were uncommon, with the majority

following IUD placement.
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se undergo procedures using various approaches to prevent bleeding.

ith antifibrinolytic medication only to prevent bleeding.

e device insertion, a known cause of irregular bleeding.
1 | INTRODUCTION

von Willebrand disease (VWD) is the most common inherited bleeding

disorder and is characterized by a quantitative (types 1 and 3) or

qualitative (type 2) defect in the von Willebrand factor (VWF) protein.

Bleeding symptoms in patients with VWD are typically mucocuta-

neous in nature, often consisting of epistaxis, oral bleeding, heavy

menstrual bleeding, and bruising. Individuals with VWD have an

increased risk of periprocedural bleeding. Among patients with VWD,

the bleeding phenotype is quite heterogeneous, varying between in-

dividuals with the same subtype. Fortunately, an individual’s bleeding

phenotype can be characterized by validated bleeding assessment

tools (BATs) [1]. BATs provide bleeding scores (BS), which have been

shown to help predict periprocedural bleeding risk within the adult

population [2,3]. While normal BS has been established in the pediatric

population, it is less clear how well BS predict procedural bleeding in

this population, as its predictive value has not yet been studied in

children [4]. Since children have fewer hemostatic challenges, their BS

may not be indicative of their true bleeding risk.

The most common VWD subtype, type 1, is characterized by a

partial quantitative VWF deficiency [5]. The definition of type 1 VWD

has changed throughout the years. In 2021, a multidisciplinary group of
international stakeholders developed evidence-based guidelines to

standardize the diagnosis. These guidelines placed a high priority on

uniformity of diagnosis and access to care [6]. In these guidelines, in-

dividualswithVWF levels less than30 IU/dL, regardless of bleeding, and

individuals with VWF levels 30 to 50 IU/dL and a bleeding phenotype

are considered to have type 1 VWD. While these individuals were

labeled as type 1 VWD at some time points, they were classified as “low

VWF” at other times. Low VWF was considered more a risk factor for

bleeding thanableedingdisorder [7]. Pathologic genetic variants inVWF

are often not found in individuals with moderate reductions in VWF as

opposed to those with VWF levels <30 IU/dL [8]. Despite lacking an

identifiable genetic variant in VWF, the majority of those followed in

hematology centers have abnormal bleeding that is not explained by

concurrent hemostatic defects [8,9]. For the purposes of this study,

childrenwith VWF antigen (VWF:Ag) and/or activity levels 30 to 50 IU/

dLwere considered to have “mildVWD,” the population of interest. This

populationwill include all children regardless of BS, given the limitations

of BS in the pediatric population.

The mainstays of prevention and treatment of bleeding in VWD

are antifibrinolytic medications, desmopressin (DDAVP) acetate, and

VWF concentrate. These medications are used alone and in combi-

nation to prevent periprocedural bleeding. The periprocedural
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bleeding prophylaxis plans for individuals with VWD should be

tailored to both the inherent risk of the procedure and the bleeding

phenotype of the patient [10]. The VWD guidelines provide

conditional recommendations based on low certainty of evi

dence [11].

The guideline recommends targeting factor (F)VIII and VWF ac-

tivity levels ≥50 IU/dL prior to and for 3 days after major surgical

procedures. It also recommends increasing VWF activity levels to ≥50
IU/dL prior to minor surgical or mucosal procedures with the addition

of antifibrinolytic therapy over increasing levels without anti-

fibrinolytic therapy. Additionally, the guideline suggests giving anti-

fibrinolytic therapy alone over increasing factor levels for individuals

with type 1 VWD, levels >30 IU/dL, and a mild bleeding phenotype

undergoing mild mucosal procedures [11]. The guideline highlights the

importance of individualized therapy plans based on the procedure

and bleeding phenotype.

With new diagnostic guidelines that increase the number of

children who qualify for a type 1 VWD diagnosis, there needs to be a

focus on optimal periprocedural management. There is a paucity of

data evaluating the periprocedural management of children with mild

type 1 VWD and associated bleeding complications. We aimed to

characterize medications used for procedural bleeding prophylaxis in

children with mild VWD and characterize the prevalence of bleeding

complications based on a prophylactic medication plan. We hypothe-

sized that these patients would tolerate minor surgeries using only

fibrinolytics without adverse bleeding events.
2 | METHODS

2.1 | Study design and participants

This single-center retrospective chart review evaluated the procedural

outcomes of pediatric patients with mild type 1 VWD at the Aflac

Cancer and Blood Disorders Center at the Children’s Healthcare of

Atlanta (CHOA). Approval was obtained from the CHOA Institutional

Review Board with a waiver of informed consent and assent. Subjects

were identified using the International Classification of Diseases, Ninth

and Tenth Revision codes for disorders related to VWD (D68.0,

D68.00, D68.01, D68.09, and R79.1). Charts of patients between the

ages of 0 and 21, with one of the diagnosis codes for VWD in their

problem list, were compiled and reviewed for inclusion in the study.
2.2 | Inclusion and exclusion criteria

For inclusion, subjects required a diagnosis of mild type 1 VWD; this

was defined as a VWF:Ag, VWF ristocetin cofactor assay (VWF:RCo),

and/or VWF:glycoprotein IbM (GPIbM) between 30 and 50 IU/dL and

a documented bleeding phenotype. Patients were included even if

their only low value was an isolated VWF:RCo. Patients were included

only if they underwent a minor, major, or dental procedure between

July 1, 2017, and July 1, 2022. Patients were excluded if the most
recent VWF laboratory results were drawn more than 3.5 years

before the surgery and if the patient had a history of any VWF level

less than 30 IU/dL, a history of abnormal VWF multimer distribution,

or a concurrent diagnosis of hemophilia. A cutoff of 3.5 years was

chosen as the institutional practice is to repeat VWD laboratory tests

every 3 years; this study spans the COVID-19 pandemic; thus, this

was extended to 3.5 years to allow for brief delays in follow-up given

the pandemic.
2.3 | Data collection

For each subject, age of diagnosis, sex assigned at birth, self-identified

race and ethnicity, and International Society on Thrombosis and

Haemostasis (ISTH) BS were collected. BS were calculated by the in-

vestigators based on all bleeding documented in the medical record

prior to the first procedure. Throughout the manuscript, when the

terms male or female are used, they refer to sex assigned at birth,

independent of gender identity. The study population includes in-

dividuals who identify as non-binary and transgender. VWD labora-

tory data were collected for each subject: VWF:Ag, VWF:RCo,

VWF:GPIbM, and VWF:collagen binding (CB) results from January 1,

2014, to July 1, 2022. To identify those with isolated low VWF:RCo,

study team members extracting data from the electronic medical re-

cord were asked if VWF:RCo <50 was the only abnormal value. In-

dividuals with isolated low VWF:RCo were analyzed both in the full

group and separately, given the limitations of the VWF:RCo assay.

Those classified as isolated low VWF:RCo had no other values

(VWF:Ag, VWF:GPIbM, and VWF:CB) <50 IU/dL at any point in their

laboratory evaluation. This includes laboratory data that fell outside of

the time frame of analysis for the study.

For each procedure, the procedure date, procedure type, pro-

cedure name, prophylactic medication plan (medications, dosing, and

frequency), bleeding complications, thrombotic complications, and

follow-up care were reviewed and documented. For individuals with

multiple procedures, these data were collected for each procedure.

Surgery type (major, minor, and dental) was classified based on pre-

vious literature and is defined in the Supplementary Table [12].

Generally, procedures during which a body cavity was entered, a

mesenchymal barrier was opened, a fascial plane was entered, normal

anatomy was operatively altered, joint space was entered, or a third

molar was extracted were considered major. Minor procedures con-

sisted of invasive procedures only involving skin, mucous membranes,

or superficial connective tissue. Dental procedures included nonmolar

extractions and dental fillings.

Surgical outcomes were defined by the ISTH bleeding definitions.

The definition of major bleeding includes fatal bleeding, symptomatic

bleeding in a critical area or organ (intracranial, intraspinal, intraoc-

ular, retroperitoneal, intra-articular, or pericardial), intramuscular

bleeding with compartment syndrome, bleeding that leads to a drop in

hemoglobin of 2 g/dL, or leading to a transfusion of 2 units (or 2 10-

mL/kg aliquots) of packed red blood cells. Major bleeding also includes

surgical site bleeding requiring a second surgical intervention and



TA B L E 1 Study population demographics.

Characteristic Values (N = 108)

Age at the time of

procedure (y), median (IQR)

15.8 (8.3-17.6)

Sex, n (%)

Female 81 (75.6)

Race, n (%)

Asian 1 (0.9)

Black or African American 15 (14.0)

White or Caucasian 83 (77.6)

Multiracial 1 (0.9)

Not known, unlisted 7 (6.5)

Ethnicity, n (%)

Hispanic/Latino 20 (18.7)

Age at diagnosis, median (IQR) 14.0 (7.7-16.3)
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hemarthrosis that interferes with rehabilitation. Nonmajor clinically

relevant bleeding includes surgical site bleeding that is unexpected

and prolonged and/or sufficiently large to cause hemodynamic insta-

bility. It also includes hospital admission for bleeding, medical or

surgical treatment for bleeding (that does not meet criteria for major

bleeding), intraoperative bleeding, return visit to the emergency

department for bleeding, need for blood product support, and need for

unplanned medication. Nonclinical relevant minor bleeding is defined

as patient-relevant bleeding, which leads to a call to physicians or

nurses postoperatively for bleeding but does not lead to any inter-

vention or any complications. Charts were reviewed for any bleeding

events in the 30 days following the procedure.

Data were gathered in Research Electronic Data Capture, a

secure Health Insurance Portability and Accountability Act–compliant

database hosted through CHOA. Data was collected from the elec-

tronic medical record by manual extraction. All members of the

research team followed a uniform protocol for data extraction to limit

bias or subjective influence.
Blood type, n (%)

A 18 (16.8)

B 4 (3.7)

AB 0 (0)

O 54 (50.5)

Unknown 31 (29.0)

Diagnostic laboratory

values,a median (IQR)
2.4 | Statistical analysis

Descriptive statistics were performed for all demographic and clinical

variables. A median with IQR was identified for each continuous

variable. Comparisons between groups were performed using Fisher’s

exact test and Mann–Whitney U-test. Analysis was performed on the

group in its entirety, with subgroup analysis for individuals with iso-

lated low VWF:RCo assay and individuals with normal BS.

FVIII (n = 108) 90 (78-108.5)

VWF:Ag (n = 108) 56 (48-62)

VWF:RCo (n = 108) 41 (37.5-45)

VWF:GPIbM (n = 80) 48 (43-54)

VWF:CB (n = 8) 46 (41.75-52)

Isolated low VWF:RCo, n (%) 33 (30.8)

Isolated low VWF:RCo,

other functional level

drawn, and normal, n (%)

26 (24.3)

Number of times VWD levels

drawn in the timeframe,

median (IQR)

2 (2-3)

Bleeding score, median (IQR) 4 (3-5)

Ag, antigen; CB, collagen binding; FVIII, factor VIII; GP, glycoprotein;

RCo, ristocetin cofactor; VWD, von Willebrand disease; VWF, von

Willebrand factor.
aEarliest full set of diagnostic levels.
3 | RESULTS

3.1 | Study participants

Initial screening with International Classification of Diseases, 10th

Revision codes and the presence of a periprocedural note from the

bleeding disorder team provided a list of 379 unique subjects. A

manual chart review for inclusion and exclusion criteria identified 108

unique patients with mild type 1 VWD and a surgical or dental pro-

cedure within the last 5 years. A total of 161 procedures in the 108

patients were analyzed for bleeding complications.

Subject demographics are outlined in Table 1. The patient popu-

lation was primarily female (75%), White (77.8%), and non-Hispanic

(79.6%). The median age at the time of surgery was 15.8 years (IQR,

8.2-17.6). One-half of the subjects had type O blood (50.5%). About

30% (33 subjects) had isolated low VWF:RCo; of these, 26 had normal

VWF:GPIbM or VWF:CB, and 7 had no other VWF:activity testing.

The median number of times VWF levels were drawn during the study

period was 2 (IQR, 2-3).

Subjects had a variable phenotype with ISTH BAT BSs ranging

from 0 to 14 (median, 4; IQR, 3-5). Ten patients had a normal BS

(range, 0-2.) Of those with normal BS, 5 had a family history of VWD.
Two patients experienced isolated heavy menstrual bleeding (BS, 2), 1

had severe unexplained anemia as a toddler, 1 experienced a pro-

longed, severe bleeding episode after a minor procedure requiring an

emergency room visit at the age of 2 years, and 1 patient had con-

current hereditary hemorrhagic telangiectasia.
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3.2 | Procedures and periprocedural prophylaxis

Of the 161 procedures, 59 were classified as major surgeries, 66 were

minor surgeries, and 36 were dental (Table 2).

Bleeding management plans varied in both duration and medica-

tions given. Bleeding prevention plans included antifibrinolytic ther-

apy only (79.5%), antifibrinolytic therapy with DDAVP (10.6%),

antifibrinolytic therapy with VWF concentrate (7.5%), DDAVP alone

(0.6%), and no medications (1.9%). Various prophylactic regimens

were used for each procedure type (Figure). The first dose of anti-

fibrinolytic therapy was given prior to the procedure in all instances. In

all cases, antifibrinolytics were continued postprocedurally for a

duration ranging from 3 to 10 days. VWF concentrate, and DDAVP

doses were given once preprocedurally. One patient also received

VWF concentrate on postprocedural days 1 and 3. All individuals

given DDAVP for procedural prophylaxis had undergone a DDAVP

trial to ensure adequate response to DDAVP.
3.3 | Bleeding outcomes in the full cohort

Of the 161 procedures, 8 bleeding complications occurred (5%; 95%

CI, 2.2%-9.6%). One was classified as a major bleeding event, 4 were

clinically relevant nonmajor bleeding events, and 3 were minor (non-

clinically relevant) bleeding events. Bleeding events occurred with a

variety of different treatment plans, as outlined in Table 2. Details

about each bleeding event are outlined in Table 3.

The only major bleeding event occurred after a tonsillectomy and

adenoidectomy. Despite DDAVP and tranexamic acid with reported

compliance, the patient experienced postoperative bleeding, leading to a

drop in hemoglobin of greater than 2 g/dL, hospitalization, and additional

DDAVP and tranexamic acid. This bleeding event occurred approxi-

mately 48 hours postoperatively, which is considered secondary

hemorrhage.

One clinically relevant nonmajor bleeding episode occurred after

inferior nasal turbinate reduction. The patient required an extension of

antifibrinolytic therapy past the 48 hours originally planned. The 3

additional clinically relevant nonmajor bleeding events occurred after

intrauterine device (IUD) insertion for heavymenstrual bleeding. In total,

5of the8bleedingevents (62.5%)occurredafter IUD insertions.Bleeding

complications were reported in 26.3% of all IUD gynecologic procedures

and13.6%ofall ear, nose, and throat (ENT)–relatedprocedures. Bleeding

event prevalence by surgical type is outlined in the Figure.

The population who experienced a bleeding complication had no

significant difference in age, sex, or proportion of individuals with

isolated low VWF:RCo (Table 4). The median preprocedural ISTH BAT

BS was 5 (IQR, 4-7) in the group experiencing a bleeding complication

vs 4 (IQR, 3-5) in those without a bleeding complication (P = .055).

There was no significant difference in bleeding rates between the

first procedure performed on any one individual (5.6%; 95% CI, 2.1%-

11.7%) vs a subsequent procedure performed on an individual (3.8%;

95% CI, 0.4%-13.0%). One major bleeding event occurred in a sub-

sequent procedure.
The hemostatic evaluation of all individuals who experienced

bleeding events includes prothrombin time, activated partial throm-

boplastin time, and fibrinogen. Three individuals had platelet aggre-

gation testing, 2 prior to the bleeding event and 1 following the

bleeding event. Two individuals had testing of FIX and FXIII levels. All

of the testing for additional bleeding disorders was normal.
3.4 | Analysis removing the isolated VWF:RCo

cohort

The definition of mild type 1 VWD in this population included any

VWF:Ag or activity assay of 30 to 50 IU/dL; therefore, individuals with

isolated low VWF:RCo were included in the analysis. Thirty-three

subjects had an isolated low VWF:RCo. Given the concerns for the

accuracy of VWF:RCo in measuring VWF activity, particularly in

populations with a high frequency of the benign variant c.4414G>C;

p.D1472DH, recent guidelines give preference for nonristocetin-

based VWF functional assays [13]. As this group may not truly

qualify for a diagnosis of mild VWD, we performed an analysis that

excluded individuals with isolated low VWF:RCo. There were 41

procedures in 33 patients with isolated low VWF:RCo.

After removing the 33 individuals with isolated low VWF:RCo,

there were 120 procedures in 75 individuals. Overall, there were 6

bleeding events (5%); 3 were IUD placement, and the remaining 3

were related to procedures involving the ears, nose, tonsils, and ad-

enoids (Table 5). When comparing the isolated low VWF:RCo cohort

to the VWD cohort, there was no difference in bleeding frequency or

surgical types (Table 5). There was some variation in treatment plans;

no subjects with isolated low VWF:RCo received VWF concentrates.
3.5 | Stratification of bleeding in individuals with

normal BSs

There were 9 procedures performed in 9 children with normal BSs.

Four were classified as major, 4 minor, and 1 dental. Antifibrinolytic

therapy was used in all cases, and 1 subject received a VWF

concentrate infusion. No bleeding events occurred in this cohort.

When this cohort was removed from the overall population, the

bleeding incidence in individuals with abnormal BSs was 5.3%, similar

to the overall incidence of bleeding in the full cohort (5%).
3.6 | Bleeding related to specific procedure types

3.6.1 | Wisdom tooth extraction

Extraction of the third molars, commonly known as wisdom teeth, is

one of the most frequently performed surgeries in the United States

each year. In this cohort, 30 cases of third molar extraction were

performed without any bleeding complications. Each of the 30 cases

involved oral antifibrinolytic therapy, with an average duration of 8.5



TA B L E 2 Prophylaxis details by surgery risk status.

Type of surgery Procedural characteristics

Antifibrinolytic

therapy only

Antifibrinolytic

therapy þ DDAVP

Antifibrinolytic

therapy þ VWF

concentrate

DDAVP

only None

Major

- Body cavity

was entered

- Mesenchymal

barrier

entered (pleura,

peritoneum,

or dura)

- Fascial plane

was opened

- Organ was

removed

- Normal anatomy

was

operatively altered

(circumcision,

septoplasty,

tonsillectomy, and

adenoidectomy)

- Interventions

involving joints

- Third molar

extractions

- Surgery where

severe

hemorrhage

is possible

Number of events 44 12 3 0 0

Antifibrinolytic

frequency

Twice daily (1);

3 times daily (41);

4 times daily (1)

Three times daily Three times daily NA NA

Antifibrinolytic

duration (d)

8 (5-10) 7 (7-10) 10 (7.5-10) NA NA

DDAVP or VWF

concentrate

dose (n),

route of

administration,

and dosage

NA Dose (n): 1 Route: IN

(10), i.v. (2) Dose:

weight-based (IN)

0.3 mcg/kg i.v.

Dose (n): median 1,

range 1-3 Route:

i.v. Dose:

40-50 units/kg

NA NA

DDAVP or VWF

concentrate

timing

NA Preprocedural (n = 12) Preprocedural (n = 2)

Preprocedural,

days 1 and 3 (n = 1)

NA NA

Bleeding events 0 1 major: hemoglobin

drop >2 g,

hospital admission

0 0 0

Bleeding event

treatment

NA Antifibrinolytics,

DDAVP

NA NA NA

Minor

Invasive operative

procedure in

which only skin,

mucous

membranes, or

superficial

connective

tissue was

manipulated.

Includes

scopes, IUD

insertion,

therapeutic

intramuscular

Number of events 56 2 4 1 3

Antifibrinolytic

frequency

Daily (6); twice daily

(6); 3 times daily

(40); 4 times daily

(2); unknown (2)

Three times daily

(1); 4 times daily (1)

Three times

daily (4)

NA NA

Antifibrinolytic

duration (d)

2 (2-3) 3.5 (2.75-4.25) 4 (2.75-5) NA NA

DDAVP or VWF

concentrate

dose (n), route

of

administration,

and dosage

NA Dose: 1

Route: IN (2)

Dose: weight-based

(IN)

Dose: 1 Route: i.v. (4)

Dose: 40

(37.1-42.5)

units/kg

Dose: 1 Route:

IN Dose:

weight-based

NA

(Continues)

6
o
f
1
2

-
H
E
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Y

E
T

A
L.



T A B L E 2 (Continued)

Type of surgery Procedural characteristics

Antifibrinolytic

therapy only

Antifibrinolytic

therapy þ DDAVP

Antifibrinolytic

therapy þ VWF

concentrate

DDAVP

only None

injections,

tympanostomy,

and bone marrow

biopsy.

DDAVP or VWF

concentrate timing

NA Preprocedural

(n = 2)

Preprocedural (n = 4) Preprocedural NA

Bleeding events 4

- 2 CRNM

- 2 calls to the

nursing team

1

1 CRNM: ER visit

for surgical

site bleeding

1

1 CRNM: surgical

site bleeding

requiring medication

0 1

1 CRNM:

surgical

site

bleeding,

call to

nurses,

ER visit

for bleeding

Bleeding event treatment Antifibrinolytics (2) Antifibrinolytics VWF concentrate NA Antifibrinolytics

Dental

Nonthird molar

extractions,

crowns, and fillings

Number of events 28 3 5 0 0

Antifibrinolytic frequency Daily (2); twice daily

(3); 3 times

daily (23)

Three times daily (3) Three times daily (5)

Antifibrinolytic duration (d) 5 (3-10) 10 (8.5-10) 3 (2-7)

DDAVP or VWF

concentrate dose

(n), route of

administration,

and dosage

NA Dose (n): 1

Route: IN (2), i.v. (1)

Dose: weight-based

(IN) 0.3 mcg/kg (i.v.)

Dose (n): 1

Route: i.v. (5)

Dose: 50 units/kg

(range, 30-50)

DDAVP or VWF

concentrate timing

NA Preoperative (3) Preoperative (5)

Bleeding events 0 0 0

Bleeding event treatment NA NA NA

Data are reported as median with IQR, unless otherwise stated.

CRNM, clinically relevant nonmajor bleeding; DDAVP, desmopressin; Dose (n), number of doses; ER, emergency room; IN, intranasal; IUD, intrauterine device; i.v., intravenous; NA, not

applicable; VWF, von Willebrand factor.

H
E
E
R
Y

E
T

A
L.

-
7
o
f
1
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F I GUR E (A) Planned bleeding prophylaxis by procedure risk level and (B) bleeding complication incidence by procedure type. DDAVP,

desmopressin; ENT, ear, nose, and throat; GYN, gynecologic; VWF, von Willebrand factor.
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days. In addition, 23% of patients undergoing third molar extraction

received a single preoperative dose of DDAVP.
3.6.2 | Simple tooth extractions and simple dental

procedures

Roughly 22% (35) of the recorded procedures were simple tooth ex-

tractions or simple dental procedures. No bleeding complications were

reported in any of these procedures. Each of the 35 cases received

periprocedural antifibrinolytic therapy. The duration of antifibrinolytic

therapy ranged from 1 to 10 days, with a median of 7 days (IQR, 3-10).

Three patients received 1 preprocedural dose of DDAVP, and 5 pa-

tients received 1 preprocedural dose of VWF concentrate for bleeding

prevention.
3.6.3 | ENT procedures: general ENT tonsillectomy

and adenoidectomy

Twenty-two of the 161 procedures were ENT procedures; 8 of these

were tonsillectomy and adenoidectomy. Tonsillectomy and adenoi-

dectomy procedures were primarily managed with high-dose anti-

fibrinolytic therapy, with 2 patients receiving antifibrinolytic therapy

and intranasal DDAVP. Antifibrinolytic therapy was typically

continued for 10 days. Antifibrinolytic therapy was provided in each of

the 16 general ENT procedures for a median duration of 2 days (IQR,

1-2). In the general ENT cohort, 1 participant received a single dose of

DDAVP, and 1 participant received a single dose of a VWF concen-

trate product.

In the ENT procedures cohort, there were 3 reported bleeding

complications (13%; 95% CI, 2.9%-34.9%). One bleeding complication

was classified as a major event (hemoglobin drop of >2 g/dL) in a

patient undergoing tonsillectomy and adenoidectomy; the other 2

were clinically relevant nonmajor bleeding events.
3.6.4 | IUD insertion

There were 17 IUD placements during the study period. All but 1

individual received antifibrinolytic therapy prior to IUD insertion. Two

patients received a single VWF concentrate infusion (28-40 units/kg)

prior to the procedure. One patient received no prophylactic medi-

cation. There were 5 bleeding events (Table 4). The prevalence of

bleeding events in this cohort was 29.4% (95% CI, 10.3%-56.0%).

Three events were classified as clinically relevant nonmajor bleeding

events: 2 patients received additional doses of tranexamic acid, 1

patient received a progesterone-only hormonal therapy, and 1 patient

received an additional dose of VWF concentrate. Two bleeding events

were classified as minor bleeding events; in these instances, the

subjects had contact with the medical team about bleeding concerns,

but no clinical actions were initiated. The duration of bleeding ranged

from 3 to 7 days following insertion, with 1 subject reporting ongoing

bleeding for 5 weeks. There was 1 IUD expulsion, which occurred in

an individual who reported heavy bleeding and received both addi-

tional antifibrinolytic therapy and hormonal therapy after insertion.
4 | DISCUSSION

This study demonstrates a low overall incidence of bleeding compli-

cations in children and adolescents with mild VWD undergoing pro-

cedures using various medication strategies when compared to known

bleeding rates of these procedures. With an appropriate bleeding plan

in place, children and adolescents with mild VWD can safely undergo a

wide variety of surgeries and procedures, often without the need for

VWF concentrate infusion. Most subjects underwent procedures with

antifibrinolytic therapy alone; this strategy aligns with recommenda-

tions in the American Society of Hematology 2021 VWD Treatment

Guidelines, which suggest giving antifibrinolytic therapy alone for mild

mucosal procedures performed in individuals with type 1 VWD, levels

>30 IU/dL, and a mild bleeding phenotype [11]. Our study provides



T AB L E 3 Bleeding events with surgery risk status, prophylaxis plan, and bleeding treatment.

Surgical

procedure

Risk level

for

the

procedure

Medication

plan

for the

procedure

Documented

noncompliance

Bleeding

events ISTH severity

Medications

needed

IUD insertion Minor Tranexamic acid

1300 mg (24.6 mg/kg)

3 times daily for 2 d

Yes Call to nurses for

vaginal bleeding

Minor Tranexamic

acid

IUD insertion Minor Tranexamic acid

1300 mg (27 mg/kg)

3 times daily for 3 d

No Call to nurses for

vaginal bleeding.

Need for unplanned

medication

Clinically relevant

nonmajor

bleeding

Tranexamic

acid

IUD insertion Minor Tranexamic acid

1300 mg (18.5 mg/kg)

3 times daily

for 2 d and VWF

concentrate 28 units/kg

before surgery

No Call to nurses for

vaginal bleeding.

Unplanned medication

Clinically relevant

nonmajor bleeding

VWF

concentrate

IUD insertion Minor None No Call to nurses for

vaginal bleeding.

Need for unplanned

medication

Clinically relevant

nonmajor

bleeding

Tranexamic

acid

IUD insertion Minor Tranexamic acid 1300 mg

(18 mg/kg) 3

times daily for 2 d

No Call to nurses for

vaginal bleeding

Minor None

Tympanostomy tube

replacement and

dental debridement

Minor Tranexamic acid 325 mg

(17.6 mg/kg)

twice daily for 1 d

No Call to nurses Minor None

Nasal endoscopy

with inferior

turbinate

reduction

Minor Aminocaproic acid 30 mg/kg

4 times

daily × 2 d DDAVP IN ×
1 before the procedure

Yes Surgical site bleeding.

ER visit for bleeding.

Need for unplanned

medication

Clinically relevant

nonmajor

bleeding

Aminocaproic

acid

Tonsillectomy and

adenoidectomy

Major Tranexamic acid 650 mg

(15.5 mg/kg)

3 times daily × 10 d

DDAVP IN × 1 before

the procedure

No ER visit and unplanned

hospitalization for

bleeding. Need for

unplanned medication.

Drop in hemoglobin

>2 g/dL

Major DDAVP,

tranexamic

acid

BAT, bleeding assessment tool; BS, bleeding score; DDAVP, desmopressin; ISTH, International Society on Thrombosis and Haemostasis; VWF, von

Willebrand factor; RCo, ristocetin cofactor.DDAVP, desmopressin; ER, emergency room; IN, intranasal; ISTH, International Society of Thrombosis and

Haemostasis; IUD, intrauterine device; VWF, von Willebrand factor.
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real-world data supporting this recommendation and will help inform

future prospective studies evaluating this strategy. Few patients

received DDAVP despite the high prevalence of DDAVP responsive-

ness in patients with mild type 1 VWD. This is related to the lack of

commercial availability of intranasal DDAVP coinciding with the study

time period. The use of DDAVP carries a risk of hyponatremia and

requires fluid restriction; the need for intravenous fluids during pro-

cedures may also limit the use of DDAVP, especially in the pediatric

population, which is more susceptible to hyponatremia.

This study reports the procedural outcomes of patients with VWF

levels of 30% to 50%, regardless of BS. While the new diagnostic

guidelines require abnormal bleeding in addition to abnormal VWF

levels, BS poses a particular challenge in the pediatric population. As
young children often have not experienced a bleeding challenge, their

bleeding phenotype has not been established. Several children in our

cohort had a normal personal BS but a family history of VWD with a

bleeding phenotype. In these circumstances, our standard was to give

periprocedural medications, primarily with antifibrinolytic agents, to

prevent bleeding events.

IUD insertions accounted for most bleeding complications

(62.5%), and gynecological procedures had the highest prevalence of

bleeding complications (26.3%). It is unclear given the available liter-

ature if this rate of bleeding is atypical for individuals undergoing IUD

insertion. One historical paper estimated that up to 94% of users

reported bleeding in the days following IUD insertion [14]. Given the

retrospective nature of this project, we were unable to quantify the



TA B L E 5 Comparison of the population with isolated low von
Willebrand factor ristocetin cofactor vs type 1 von Willebrand
disease.

Characteristic

Isolated low

VWF:RCo n = 33

Type 1 VWD

n = 75

P

value

Demographics

Age 15.8 (11.0-17.9) 15.8 (7.7-17.4) .90a

Female sex 25 (61.0%) 56 (74.7%) .12b

ISTH BAT BS 4 (3-5) 4 (3-5) .26a

Procedure information

No. of procedures 41 120

Bleeding events 2 6

Bleeding frequency 4.9% 5.0% .84b

Surgical type

Major 16 (39.0%) 43 (35.8%)

Minor 17 (41.5%) 49 (40.8%)

Dental 8 (19.5%) 28 (23.3%) .86b

Prophylaxis plan

Antifibrinolytic only 35 (85.4) 93 (77.5)

Antifibrinolytic +
DDAVP

4 (9.8) 13 (10.8)

Antifibrinolytic +
VWF concentrate

0 12 (10.0)

DDAVP only 0 1 (0.8)

None 2 (4.9) 1 (0.8) .07b

BAT, bleeding assessment tool; BS, bleeding score; DDAVP,

desmopressin; ISTH, International Society on Thrombosis and

Haemostasis; VWD, von Willebrand disease; VWF, von Willebrand

factor; RCo, ristocetin cofactor.
bMann–Whitney U-test.
aFisher’s exact test.

T AB L E 4 Population comparisons between groups who experi-
enced a bleeding complication vs those who did not experience a
bleeding complication.

Characteristic

Bleeding

complication

No bleeding

complication

P

value

Demographics n = 7 n = 101

Age 14.5 (11.5-16.8) 15.8 (8.1-17.6) .719a

Female sex 7 (100%) 74 (73.3%) .19b

ISTH BAT BS 5 (4-7) 4 (3-5) .055a

Isolated low VWF:RCo 2 (28.6) 31 (30.7) .837b

Procedure information

No. of procedures 8 153

Surgical type

Major 1 (12.5) 58 (38.2)

Minor 7 (87.5) 59 (38.8)

Dental 0 36 (23.5) .031b

Prophylaxis plan

Antifibrinolytic only 4 (50) 124 (81.7)

Antifibrinolytic +
DDAVP

2 (25) 15 (9.8)

Antifibrinolytic +
VWF concentrate

1 (12.5) 11 (7.2)

DDAVP only 0 1 (0.7)

None 1 (12.5) 2 (1.3) .048b

BAT, bleeding assessment tool; BS, bleeding score; DDAVP,

desmopressin; ISTH, International Society on Thrombosis and

Haemostasis; VWF, von Willebrand factor; RCo, ristocetin

cofactor.DDAVP, desmopressin; ER, emergency room; IN, intranasal;

ISTH, International Society of Thrombosis and Haemostasis; IUD,

intrauterine device; VWF, von Willebrand factor.
aMann–Whitney U-test.
bFisher’s exact test.
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amount of bleeding to determine if the bleeding experienced by ad-

olescents with VWD was more extensive than the general population.

The rate of bleeding after IUD placement in patients with bleeding

disorders has not been previously described; the prevalence of IUD-

associated bleeding complications leading to interaction with the

medical team in our cohort was 30% (5 of 17 subjects). This is a small

cohort, and larger prospective data can help to provide a more ac-

curate estimation of the rate of periprocedural bleeding for women

and girls with VWD.

Given the known and frequent irregular bleeding associated with

IUD placement, it is unclear if using antifibrinolytic therapy around the

time of insertion impacted the bleeding rates. While 3 subjects

received medications for postprocedural bleeding, 2 subjects con-

tacted their medical team and had no recommended changes to their

treatment plan. In our analysis, we considered this minor bleeding. The

ISTH Subcommittee on Pediatric and Neonatal Thrombosis and
Hemostasis published a practice guideline defining these outcomes as

“patient important bleeding, no intervention” [15] and specifically as

“bleeding for which a patient seeks care but there is no change in

management.” This type of bleeding event is important to consider in

clinical studies; although these events do not require a change in

management, they are bothersome to families and patients and impact

the quality of life. As such, this bleeding classification should be

included in prospective studies in this population.

Tonsillectomy and adenoidectomy procedures, and ENT proced-

ures more generally, are associated with higher bleeding risks and

complications in the nonbleeding disorder population. Hemorrhagic

complications after tonsillectomy with or without adenoidectomy are

well documented in the literature. Studies have shown rates of pri-

mary hemorrhage (within 24 hours) to be between 0.2% and 2.2% and

rates of secondary hemorrhage (>24 hours after surgery) to be be-

tween 0.1% and 3% [16–20]. A 2011 multicenter cohort study that

defined hemorrhage more broadly reported hemorrhage complication
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rates of up to 15% for tonsillectomy with or without adenoidectomy

[21]. A study in children with VWD or hemophilia showed a primary

hemorrhage rate of 1.6% and a secondary hemorrhage rate of 15%

[22]. In our cohort, 1 out of 8 (12.5%) of the tonsillectomy and ade-

noidectomy procedures ended with a bleeding event. Given the small

sample size, the focus of our prospective work should center on the

optimal strategy to prevent postoperative hemorrhage in tonsillec-

tomy and adenoidectomy in children with VWD.

Overall, bleeding rates for tonsillectomy appear to align with

previously documented literature, and most overall bleeding events in

our cohort occurred after IUD placement. Further prospective studies

will help determine the optimal treatment of children with mild type 1

VWD undergoing procedures.
4.1 | Limitations

The major limitations of this study are the retrospective nature and

single-center setting. All data was reported from 1 urban academic

center; treatment plans were created by a variety of providers, some

hemostasis experts, and other general pediatric hematology oncology

physicians. Given the single institution, the treatment decisions are

biased to the treating patterns of that institution and likely are not

representative of other centers. Further research could prospectively

enroll at academic and nonacademic locations with geographic

diversity.

Given the paucity of data on bleeding events following IUD

placement in the adolescent population, we are unable to compare the

rate of bleeding events in the study to the general population.

As mentioned in the discussion, the study is also limited by the

inclusion of patients with normal BS and those with isolated low

VWF:RCo. Individuals with normal BS were included due to the

challenges associated with using BS for risk stratification in young

patients without bleeding challenges and a known family history of

bleeding; however, their individual bleeding phenotype had not been

determined. Secondly, the inclusion of individuals with isolated low

VWF:RCo may lead to the inclusion of individuals who do not have

VWD but rather have the benign variant c.4414G>C; p.D1472DH,

which leads to low VWF:RCo despite normal VWF activity. Given the

lack of data for alternative VWF activity assays in many patients,

these patients were included in the overall analysis.

A final limitation of the retrospective chart review study is the

self-reported nature of some bleeding complications. Bleeding events

were identified via chart review and are subject to reporting bias.

Since most patients have antifibrinolytic medications at home for as-

needed use, it is possible that patients received additional medica-

tion for bleeding without contacting the medical team. Prospective

studies with follow-up phone calls postprocedurally would provide

complete data. We characterized any phone call to the clinical team

for bleeding concerns as a minor complication; given that some

bleeding after IUD insertion is often considered normal, we could be

overcounting bleeding episodes.
4.2 | Generalizability

The study used data from the Aflac Cancer and Blood Disorders

Center at CHOA, a pediatric specialty clinic at an academic institution

in the United States. The single-center nature of this study limits the

overall generalizability, and a prospective multicenter study would

help to determine if these findings are generalizable to children and

adolescents with mild VWD across a variety of settings.
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