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Abstract
Background: Heavy	menstrual	bleeding	(HMB)	is	often	the	first	bleeding	symptom	for	
female	individuals	with	inherited	bleeding	disorders.	Guidelines	recommend	perform-
ing	 the	hemostatic	 evaluation	 at	HMB	presentation.	Von	Willebrand	 factor	 (VWF)	
levels	increase	with	stress,	making	it	unclear	if	VWF	studies	during	acute	bleeding	are	
beneficial	in	diagnosing	von	Willebrand	disease	(VWD).
Objectives: To	determine	the	utility	of	testing	for	VWD	during	acute	HMB.
Patients/Methods: This	retrospective	cohort	study	evaluated	VWF	levels	of	individu-
als	presenting	to	the	emergency	department	(ED)	with	HMB	from	January	1,	2017,	to	
December	31,	2018,	after	prospective	implementation	of	a	clinical	practice	guideline	
recommending	hemostatic	evaluation	in	the	ED.	We	compared	VWF	and	factor	VIII	
(FVIII)	levels	between	acute	presentation	and	follow-	up	visit	after	bleeding	resolution.	
We	compared	the	diagnostic	accuracy	of	initial	and	follow-	up	labs.
Results: During	the	study	period,	221	individuals	were	seen	in	the	ED	for	acute	HMB,	
and	39	had	VWD	 testing	 at	 both	 time	points.	Median	FVIII	 and	VWF	 levels	were	
higher	during	acute	bleeding	than	at	follow-	up.	The	difference	in	VWF	levels	between	
visits	was	negligible	when	initial	FVIII	value	was	normal.	Overall	 incidence	of	VWD	
was	7.5%;	69%	of	those	with	VWD	had	low	VWF	levels	during	acute	HMB.
Conclusion: VWD	testing	during	acute	HMB	detects	the	majority	of	individuals	with	
VWD	but	also	 leads	to	elevated	 levels	of	VWF,	potentially	 limiting	at	 the	accuracy	
of diagnostic labs during acute bleeding episodes. Delayed testing until resolution 
of anemia and active bleeding may provide more accurate diagnostic evaluation for 
VWD.

K E Y W O R D S
adolescent,	blood	coagulation	tests,	female,	hemostatics,	menorrhagia,	Von	Willebrand	
disease,	von	Willebrand	factor

www.wileyonlinelibrary.com/journal/rth2
mailto:
https://twitter.com/MeganBrownMD
https://twitter.com/MeganBrownMD
https://twitter.com/mhughwhite
https://twitter.com/mhughwhite
https://twitter.com/nashgreenie
https://orcid.org/0000-0002-9509-9415
https://twitter.com/nashgreenie
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Megan.Brown@choa.org


2 of 7  |    BROWN et al.

1  |  INTRODUC TION

Heavy	 menstrual	 bleeding	 (HMB)	 is	 common	 in	 adolescent	 girls;	
almost	40%	report	HMB.	HMB	 is	defined	as	 “excessive	menstrual	
blood	loss	that	interferes	with	the	woman’s	physical,	emotional,	so-
cial	and	material	quality	of	life	(QOL)	and	can	occur	alone	or	in	com-
bination with other symptoms.”1	Excessive	menstrual	blood	 loss	 is	
quantified	as	blood	loss	>80	mL	per	menstrual	cycle,	as	this	amount	
leads	to	iron	deficiency	anemia	(IDA).	IDA	can	have	devastating	ef-
fects	 on	 cognition,	 leading	 to	 decreased	 scholastic	 performance,	
mathematic	 abilities,	 attention,	 and	 concentration.2-	6 There is evi-
dence	that	QOL	is	compromised	in	individuals	with	HMB.7

While	it	is	widely	accepted	that	the	pathophysiology	of	HMB	dif-
fers	between	adolescents	and	older	women,	the	recommended	diag-
nostic evaluation of adolescents does not differ from older women 
in	international	guidelines	or	the	American	College	of	Obstetrics	and	
Gynecology	 (ACOG)	 Committee	 Opinion.3,8	 Adolescents	 commonly	
have	 dysfunction	 of	 the	 hypothalamic-	pituitary-	ovarian	 axis	 while	
older women more commonly have anatomic or systemic pathology.9-	11

HMB	is	often	the	presenting	sign	of	bleeding	disorders	and	must	
be considered for all women.12,13 The majority of women with a bleed-
ing	disorder	report	a	history	of	HMB.2,4 Inherited bleeding disorders 
are	relatively	common	in	women	with	HMB,	with	incidence	estimates	
ranging	from	10%	to	62%14-	18; a retrospective study found inherited 
bleeding	disorders	in	33%	of	adolescent	girls	with	HMB	referred	for	
subspecialty	hematology	care,	which	likely	demonstrates	a	more	ac-
curate estimation.14	Most	commonly,	von	Willebrand	disease	(VWD)	
(5%-	36%)	and	platelet	function	defects	(2%-	22%)	are	described,	while	
clotting	factor	deficiencies	(8%-	9%)	are	reported	less	frequently.19-	26

The	diagnosis	of	VWD	in	the	setting	of	acute	HMB	is	challenging.	
Physiologic and psychological stress both cause elevations in von 
Willebrand	factor	(VWF),	and	both	types	of	stress	are	present	in	ad-
olescents	with	HMB.27-	29	This	stress	response	makes	the	reliability	
of	VWD	testing	during	acute	bleeding	unclear.

A	clinical	pathway	was	created	at	our	institution	to	improve	the	
diagnosis	of	bleeding	disorders	and	standardize	management.	All	ad-
olescents	presenting	to	the	emergency	department	(ED)	or	inpatient	
unit	with	acute	HMB	were	screened	according	to	a	modified	Claire	
Philipp	screening	 tool	 (Figure	1);	 if	 an	 individual	 screened	positive	
or	had	active	bleeding,	the	pathway	encouraged	up-	front	laboratory	
evaluation	 based	 on	 international	 expert	 panel	 recommendations,	
and recommended treatment based on symptoms and hemoglo-
bin.3 The creation of a clinical pathway puts us in a unique place to 
evaluate	 adolescent	 girls	 presenting	with	 acute	HMB	 treated	 in	 a	
standardized process. This study aims to characterize the ability to 

detect inherited bleeding disorders in adolescents presenting with 
acute	HMB	(defined	per	screening	tool:	Figure	1),	and	quantify	the	
accuracy	of	VWD	testing	during	acute	bleeding.

2  |  PATIENTS AND METHODS

2.1  |  Study design and participants

This	retrospective	cohort	study	evaluates	the	results	of	VWD	test-
ing	during	acute	bleeding	and	 follow-	up.	While	 the	analysis	 is	 ret-
rospective,	 the	 clinical	 pathway	 was	 prospectively	 designed	 with	
the	intention	of	determining	the	effectiveness	of	VWD	labs	at	the	
time	 of	 acute	 HMB.	 Subjects	 were	 identified	 using	 International 
Classification of Diseases, Ninth Revision and Tenth Revision codes for 
HMB	(N93.9,	N92.1,	N93.8,	N92.0,	N92.6,	N92.2,	N92.4)	for	ED	or	
inpatient	encounters	between	January	1,	2017,	and	December	31,	
2018.	 Inclusion	 criteria	 included	 postmenarchal	 status,	 and	 either	
actively bleeding on presentation or a positive screen on the modi-
fied	Claire	Philipp	screening	 tool	 (Figure	1).	Subjects	 included	had	
VWD	studies	(factor	VIII	[FVIII],	VWF	antigen	(VWF:Ag)	and	VWF	
ristocetin	cofactor	assay	[VWF:RCo])	obtained	both	during	an	acute	
HMB	episode	and	during	a	subsequent	visit	to	Children’s	Healthcare	
of	 Atlanta	 (CHOA).	 Subjects	were	 excluded	 for	 a	 previously	 diag-
nosed	 bleeding	 disorder,	 previous	 testing	 for	 bleeding	 disorders,	
anticoagulant	use,	or	 active	oncologic	or	 rheumatologic	 condition.	
Subjects	with	 a	 positive	 pregnancy	 test	 or	within	 3	months	 post-
partum	 were	 excluded.	 There	 were	 no	 age-	based	 exclusions.	 For	
subjects	with	two	or	more	encounters	within	the	study	period,	data	
were	collected	from	the	earliest	encounter.	Approval	was	obtained	
from	 the	 CHOA	 Institutional	 Review	 Board	 with	 a	 waiver	 of	 in-
formed consent and assent.

2.2  |  Data collection

A	 REDCap	 database	 was	 designed	 to	 capture	 demographic,	 clini-
cal,	diagnostic,	and	follow-	up	information.	Data	were	manually	ex-
tracted	from	the	electronic	medical	record.	Laboratory	values	from	
the encounter were collected; if duplicate laboratory tests were 
obtained,	 the	 initial	 value	was	 recorded.	Repeat	values	were	used	
only	if	the	test	was	repeated	within	6	hours	due	to	concern	for	an	
erroneous	result.	Follow-	up	visits	were	assessed	by	chart	review	in	
the	CHOA	system	through	April	30,	2019;	the	first	set	of	VWF	labs	
obtained after discharge were recorded.

Essentials

•	 Von	Willebrand	factor	(VWF)	levels	increase	with	physiologic	stress.
•	 Bleeding	disorder	evaluation	is	recommended	during	episodes	of	acute	heavy	menstrual	bleeding	(HMB).
•	 VWF	levels	are	significantly	elevated	during	acute	HMB	episodes,	limiting	diagnostic	utility.
•	 During	acute	bleeding,	VWF	levels	are	close	to	baseline	when	factor	VIII	level	is	normal.
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2.3  |  Laboratory assay and intervention

All	 coagulation	studies	were	performed	 locally.	VWF:Ag	and	FVIII	
assays	 were	 performed	 at	 the	 CHOA	 laboratory	 using	 a	 STA-	R	
Evolution	 analyzer	 (Stago,	North	York,	Toronto,	ON,	Canada).	 The	
FVIII	assay	uses	the	STA-	Deficient	VIII,	and	the	kit	for	the	VWF:Ag	is	
STA-	Liatest	VWF:Ag.	The	VWF:RCo	assay	was	performed	at	Emory	
University	 in	 the	coagulation	 laboratory	using	 the	BCS	XP	system	
(Siemens,	Marburg,	Germany)	using	BC	von	Willebrand	reagent.

2.4  |  Statistical analysis

Descriptive statistics were performed to evaluate patient character-
istics.	Statistics	were	derived	using	frequency	and	percentages	for	
categorical variables and median with interquartile range for con-
tinuous	variables.	Between-	group	differences	for	means	were	calcu-
lated with paired t	tests,	and	differences	in	medians	were	calculated	

with	Mann-	Whitney	and	Wilcoxon	rank-	sum	tests.	Statistical	analy-
sis	was	 performed	 using	 SAS	 software	 version	 9.4	 (SAS	 Institute,	
Cary,	NC,	USA).

3  |  RESULTS AND DISCUSSION

3.1  |  Patient demographics

Over	the	2-	year	study	period,	221	adolescent	girls	received	care	in	
the	ED	or	inpatient	unit	for	acute	HMB;	of	these,	127	girls	had	VWD	
studies	during	their	ED	visit,	and	39	of	those	individuals	had	VWD	
studies	 at	 an	 outpatient	 visit	 after	 bleeding	 resolution	 (Table	 1).	
The	cohort	was	primarily	Black	(44%)	and	non-	Hispanic	(85%)	girls,	
with	a	median	age	at	presentation	of	13.4	years	(interquartile	range,	
12.4-	15.3).	 The	 most	 frequent	 reported	 symptom	 of	 HMB	 was	
bleeding	lasting	>7	days	(87.2%),	followed	by	changing	sanitary	pad	
more	 frequently	 than	every	2	hours	 (33.3%)	and	 flooding	 (33.3%).	

F I G U R E  1 Children’s	Healthcare	of	
Atlanta	Emergency	Department	Acute	
HMB	Clinical	Practice	Guideline.	CBC,	
complete	blood	count;	HMB,	heavy	
menastrual	bleeding;	PT,	prothrombin	
time;	PTT,	partial	thromboplastin	time;	
TIBC,	total	iron-	binding	capacity

Claire Philip Modified Screening Tool
Positive screen: answer is yes to one or more of the following questions.

1.  On average does your period last 7 or more days?
2.  Do you experience “flooding” or overflow bleeding through your tampon or pad?
3.  Do you need to change your tampon or pad more than ever 1-2 hours at times during your period? 
4.  Have you ever been treated (oral iron, IV iron, blood transfusion)for iron deficiency anemia in the past?
5.  Do you have a family history of a bleeding disorder? 
6.  Have you had excessive bleeding with a dental extraction or dental surgery? 
7.  Have you had excessive bleeding with a miscarriage or following delivery of a child? 

Screening Questions
(See Claire Philip Tool)

Labs
(See Box 1)

Mild or no anemia
(Hb>9)

Severe anemia
(Hb<8)

Moderate anemia
(Hb 8 to <=9)

Positive
Screen

Negative
Screen

Patient actively
bleeding?

Yes No

CBC,
pregnancy test:

ifnormal
discharge

First Line Hormone
Therapy 

First Line Hormone
Therapy 

Symptomatic
Anemia?

Yes

No

Discharge with
hormone taper

Admit to
Hospital

Box 1: 
Evaluation with
Standardized
Screening Labs: 
CBC, PT, PTT, fibrinogen,
thrombin time, 
von Willebrand profile,
type and screen, TIBC,
thyroid studies.
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Median	hemoglobin	was	7.8	g/dL,	and	87%	had	labs	consistent	with	
iron deficiency. The high prevalence of iron deficiency supports 
the	hypothesis	that	the	majority	of	adolescents	were	experiencing	
the physiologic stress of iron deficiency or iron deficiency anemia. 

Eighty-	one	 percent	 of	 the	 subjects	were	 admitted	 to	 the	 hospital	
for	HMB	(admission	criteria:	<9	g/dL	or	symptomatic	anemia),	and	
20.5%	of	the	study	population	had	a	repeat	ED	visit	within	30	days	
due	to	a	concern	related	to	HMB	or	anemia.	Adolescents	who	had	
repeat labs in the clinic had a slightly lower median age (13.5 years 
vs	14.4	years)	and	a	lower	presenting	hemoglobin	(7.8	g/dL	vs	9.5	g/
dL)	 but	 had	no	difference	 in	 bleeding	 symptoms	 as	 demonstrated	
by the Claire Philip screening tool than those who did not follow up.

3.2  |  Von Willebrand studies at presentation and 
follow- up

VWF:Ag,	VWF:RCo,	and	FVIII	were	significantly	higher	at	ED	pres-
entation	 than	at	 follow-	up	 (Figure	2).	The	median	FVIII	 at	presen-
tation	was	 245.5%	 (95%	 confidence	 interval	 [CI],	 196-	278)	 versus	
137.5%	(95%	CI,	126-	181)	at	follow-	up	(P =	.002).	Median	VWF:Ag	
was	129%	with	 (95%	CI,	111-	158)	versus	83%	 (95%	CI,	72-	101)	at	
follow-	up	(P =	.006),	and	the	median	VWF:RCo	was	106%	(95%	CI,	
82-	139)	at	presentation	versus	63.5%	(95%	CI,	58-	77)	at	follow-	up	
(P =	 .002).	Given	 the	degree	of	 anemia	present	 in	 the	majority	 of	
subjects,	physiologic	stress	likely	contributed	to	the	elevated	levels	
at	 the	time	of	acute	HMB.	The	median	 individual	change	from	ED	
presentation	to	follow-	up	was	−62.4%	for	FVIII,	−27%	for	VWF:Ag,	
and	−23.5%	for	VWF:RCo.	Both	at	a	population	level	and	individual	
level,	all	values	in	the	VWD	profile	showed	significant	elevation	at	
the	time	of	acute	HMB.

Of	the	127	individuals	who	had	VWD	studies	done	during	their	
hospital	encounter,	16	were	found	to	have	VWD	or	low	VWF.	Of	the	
16,	11	were	identified	on	the	basis	of	labs	during	their	initial	presen-
tation	(68.8%),	and	5	were	diagnosed	from	labs	at	a	follow-	up	visit.

Although	 the	 current	 position	 statement	 from	 ACOG	 recom-
mends	VWD	testing	at	the	time	of	presentation,	our	study	demon-
strated	that	these	 levels	are	elevated	during	acute	HMB.	Knowing	
the	effect	of	stress	on	VWD	studies,	 it	 is	debatable	 if	 this	 testing	
should	 be	 done	 up	 front	 or	 delayed	 until	 HMB	 and	 anemia	 have	
resolved.	 Although	 the	 majority	 of	 subjects	 with	 VWD	were	 de-
tected	on	 their	 initial	 labs,	 the	stress	 response	affected	 initial	val-
ues. Delaying the evaluation until symptom resolution would limit 
the	effect	of	stress	on	diagnostic	 labs.	Since	 treatment	of	HMB	 is	
rarely	altered	with	a	diagnosis	of	VWD,	the	acute	care	would	not	be	
compromised.

Poor	 outpatient	 follow-	up	 limits	 the	 effectiveness	 of	 delayed	
diagnostic	 evaluation.	 In	 the	 overall	 cohort,	 only	 16.7%	 attended	
a	 hematology	 clinic,	 and	 24.0%	 attended	 a	 gynecology	 clinic.	 By	
delaying	diagnostic	evaluation	to	the	outpatient	setting,	several	in-
dividuals	whose	VWD	was	 identified	 on	 initial	 labs	may	 not	 have	
followed up. The perception that a bleeding disorder had been ruled 
out	potentially	decreased	follow-	up.	Several	providers	and	parents	
reported this incorrect perception due to normal initial screening 
labs.	Delayed	testing	may	encourage	outpatient	follow-	up.

Although	our	study	 is	 the	 first	 to	 look	at	VWD	studies	at	pre-
sentation	for	acute	HMB	and	upon	resolution	of	bleeding,	there	is	

TA B L E  1 Characteristics	of	subjects	who	had	diagnostic	VWD	
labs drawn during acute hospital presentation and at outpatient 
follow-	up	visit

Characteristic
Subjects
n = 39

Age	at	presentation,	y 13.5	(12.4-	15.3)

Race

Black	or	African	American 17	(43.6)

White 15	(38.5)

Asian 1	(2.6)

American	Indian	or	Alaskan	Native 1	(2.6)

Multiracial 1	(2.6)

Declined/Not reported 4	(10.3)

Ethnicity

Hispanic 6	(15.4)

BMI,	kg/m2 23.6	(20.8–	29.4)

Modified Philipp screening tool

Bleeding	for	>7	d 34	(87.2)

Flooding/overflow	bleeding 13	(33.3)

Changing feminine hygiene product every 
1 to 2 hours.

13	(33.3)

Treated for iron deficiency in the past 8	(20.5)

Family	history	of	bleeding	disorder 0

Excessive	bleeding	with	dental	procedure 1	(5.1)

Excessive	bleeding	with	miscarriage/
childbirth

0

Not documented 2	(5.1)

Laboratory	values

Hemoglobin,	g/dL 7.75	(6.10-	9.10)

Ferritin,	ng/mL 5.18	(2.59-	13.9)

Normal or abnormal findings on Philipp 
screening tool

2	(1-	3)

Disposition

Admit	to	hospital 30	(76.9)

Return emergency department visit within 
30 d

8	(20.5)

Outpatient	follow-	up

Hematology 21	(53.8)

Gynecology 24	(61.5)

Time	to	follow-	up,	d

Hematology 41	(1-	322)a 

Gynecology 32	(6-	384)a 

Median	(IQR)	or	n	(%).
Abbreviations:	BMI,	body	mass	index;	IQR,	interquartile	range;	VWD,	
von Willebrand disease.
aMedian	(range).
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not	yet	sufficient	evidence	to	make	a	clear	recommendation	for	up-	
front	versus	delayed	testing.	While	up-	front	testing	detected	almost	
70%	of	VWD	diagnoses	and	likely	decreased	the	time	from	symptom	
onset	to	diagnosis,	it	puts	a	burden	on	the	ED	to	follow	up	labs	and	
provides false reassurance when labs are normal.

3.3  |  Stratification by FVIII levels

Since	FVIII,	 like	VWF,	 increases	with	stress,	we	stratified	individu-
als	by	FVIII	to	help	determine	if	a	normal	FVIII	 level	could	identify	
subjects who were at their steady state rather than a state of stress 
(Figure	3).	For	those	with	elevated	FVIII	at	presentation	(defined	at	
>150%),	 the	median	 change	 in	VWF	 levels	 between	ED	presenta-
tion	 and	 follow-	up	was	 a	 decrease	 by	 35%	 for	 both	VWF:Ag	 and	
VWF:RCo	(P=.017 and P=.012,	respectively).	The	change	in	VWF:Ag	

and	VWF:RCo	was	2%	and	−1%,	respectively,	in	subjects	with	normal	
FVIII	on	their	labs	sent	from	the	ED	visit.	These	findings	indicate	that	
clinicians	should	consider	the	FVIII	value	when	determining	if	VWF	
levels are indicative of a true steady state for the individual versus 
a	 stress	 response.	 It	 appears	 that	 normal	 VWF:Ag	 and	 VWF:RCo	
levels	in	the	setting	of	a	normal	FVIII	level	are	reassuring	against	a	
diagnosis	of	VWD.

3.4  |  Von Willebrand cutoff of 100% (IU/dL) in 
acutely bleeding population

Given	the	active	stress	response	in	our	population,	we	evaluated	a	
recently	published	threshold	 in	which	 initial	VWF:Ag	or	VWF:RCo	
over	 100%	 (or	 IU/dL)	 had	 a	 high	 negative	 predictive	 value	 (NPV)	
against	 VWD	 in	 pediatric	 patients	 undergoing	 evaluation	 for	

F I G U R E  2 Von	Willebrand	disease	(VWD)	diagnostic	laboratory	studies	at	time	of	emergency	department	presentation	with	acute	
bleeding	and	outpatient	follow-	up.	(A)	Graphical	representation	of	VWD	testing	during	acute	bleeding	presentation	and	outpatient	follow-	
up.	(B)	Tabular	representation	of	VWD	testing	during	acute	bleeding	presentation	and	outpatient	follow-	up.	VWD,	von	Willebrand	disease;	
VWF:Ag,	von	Willebrand	factor	antigen;	VWF:RCo,	von	Willebrand	factor	ristocetin	cofactor
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bleeding disorders.30 We wanted to determine if this cutoff would 
have	a	high	NPV	despite	 the	stress-	related	elevations	 in	FVIII	and	
VWF.	In	our	cohort,	of	those	with	a	baseline	VWF:Ag	or	VWF:RCo	
>100,	there	was	a	93.2%	(95%	CI,	74.9%-	99.1%)	and	95.0%	(95%	CI,	
75.1%-	99.9%)	NPV	for	VWD,	respectively.

While	 the	NPV	was	 slightly	 lower	 in	 our	 cohort,	 overall	 it	 re-
mained	high,	 indicating	that	this	threshold	may	be	valid	 in	the	set-
ting	of	acute	bleeding.	The	poor	follow-	up	limits	the	accuracy	of	the	
NPV,	as	it	is	possible	that	cases	of	VWD	were	missed	on	the	basis	of	
their	ED	labs	being	in	the	normal	range.	We	need	more	uniform	data	
to more carefully elucidate the utility of this screening cutoff in an 
acutely bleeding population.

4  |  CONCLUSIONS

In	 the	 setting	 of	 acute	 HMB,	 diagnostic	 studies	 for	 VWD	 are	 el-
evated	 from	 an	 individual’s	 baseline,	 likely	 due	 to	 the	 physiologic	
stress	 of	 anemia.	 This	 is	 the	 first	 study	 to	 examine	 the	 results	 of	
VWD	 diagnostic	 laboratory	 tests	 in	 the	 acute	 HMB	 population.	
While	guidelines	recommend	testing	for	VWD	at	the	time	of	acute	
HMB,	our	study	demonstrates	that	this	may	lead	to	false	elevation	
in	VWF	levels	which	can	mask	a	diagnosis	of	VWD	and	can	provide	
false	reassurance.	Despite	the	demonstrated	elevation	of	VWF	dur-
ing	acute	bleeding,	the	majority	of	adolescents	with	low	VWF	and	
VWD	were	identified	during	their	acute	bleeding	episode,	elucidat-
ing the need for further studies to help determine the optimal timing 
for testing in this population.
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