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ABSTRACT
Background: Von Willebrand factor (VWF) elevation correlates with the
left atrial blood stasis in nonvalvular atrial fibrillation (NVAF). However,
the long-term impact of elevated VWF in patients with NVAF is not well
established.
Methods: To assess the impact of VWF and a disintegrin and metal-
loproteinase with a thrombospondin type 1 motif, member 13
(ADAMTS13) in conjunction with echocardiographic measures of left
atrium blood stasis on clinical outcomes, 414 NVAF prospectively
recruited (October 4, 2007, to April 27, 2009) patients were followed for
3 years. VWF antigen, VWF activity, ADAMTS13 activity, and echocar-
diographic findings were assessed at baseline. Thromboembolism (TE)
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R�ESUM�E
Contexte : Une �el�evation du facteur de Von Willebrand (FVW) concorde
avec une stase sanguine dans l'oreillette gauche dans la fibrillation
auriculaire non valvulaire (FANV). Les r�epercussions à long terme d'un
taux �elev�e du FVW chez les patients pr�esentant une FANV ne sont
toutefois pas bien �etablies.
M�ethodologie : Pour �evaluer les r�epercussions sur les r�esultats
cliniques du FVW et d'une d�esint�egrine et m�etalloprot�einase de
motif type 1 (ADAMTS13) conjointement avec les mesures
�echocardiographiques de la stase sanguine dans l'oreillette gauche,
414 patients atteints de FANV ont �et�e inscrits de façon prospective (du
4 octobre 2007 au 27 avril 2009) pour faire l'objet d'un suivi de 3 ans.
Ischemic stroke from nonvalvular atrial fibrillation (NVAF) this protein is directly proportional to VWF activity deter-

occurs when a left atrial appendage thrombus (LAAT)
embolizes into the cerebral circulation.1-3 The risk for LAAT
development increases with worsening of left atrium
appendage mechanical function as measured by reduction in
left atrial appendage emptying velocity (LAAEV), develop-
ment of spontaneous echocardiographic contrast (SEC), and
left atrial distension assessed by left atrium volume index
(LAVI).4-7 However, blood stagnation alone is not sufficient
to explain thrombotic events in these patients8-10 and addi-
tional prothrombotic variables are likely involved.11-17

Von Willebrand factor (VWF) is a large multimeric plasma
glycoprotein that mediates platelet adhesion and aggregation
and chaperones factor VIII.18 The thrombogenic potential of
mined by both plasma protein size and concentration. Protein
size is highly regulated by the VWF-specific cleaving protease
a disintegrin and metalloproteinase with a thrombospondin
type 1 motif, member 13 (ADAMTS13).19 We have previ-
ously demonstrated a direct relationship between antigen
concentration and activity of VWF and both left atrial blood
flow stasis and the presence of LAAT in NVAF.20

The long-term consequences of increased VWF antigen
concentration have been evaluated,21-29 but the assessment of
both VWF concentration and activity with ADAMTS13 in pa-
tients with NVAF on adverse cardiovascular events in relation to
echocardiographic measures, to our knowledge, has never been
reported. To determine whether measures of VWF concentra-
tion and activity together with ADAMTS13 predict adverse
events in NVAF, the 3-year outcomes of patients enrolled be-
tween October 4, 2007, and April 27, 2009, were analyzed.20
Methods

Study population

All patients with NVAF who had a transesophageal echo-
cardiogram (TEE) and blood testing for VWF antigen
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(stroke/transient ischemic attack (TIA)), myocardial infarction, or TE of
other locations), major bleeding, clinically relevant nonmajor bleeding,
and all-cause mortality were assessed by clinical follow-up, question-
naire, or telephone communication.
Results: Among 374 patients (mean age, 63.4 � 12.7 years; 25%
females) who had complete follow-up data, there were 33 TE in 32
patients (8.6%), 18 deaths (5.1%), and 33 bleeding events (21 major
bleeding and 12 clinically relevant nonmajor bleeding) in 25 patients
(6.7%). VWF antigen was predictive of TE in the univariate examination
(hazard ratio [HR]: 1.007, 95% confidence interval [CI]: 1.002, 1.013,
P ¼ 0.011) but not in multivariate analysis. VWF was an independent
predictor of all-cause mortality (HR: 1.011, 95% CI: 1.003, 1.020, P ¼
0.011) and a composite of TE and all-cause mortality (HR: 1.006, 95%
CI: 1.001, 1.012, P ¼ 0.039) in multivariate analysis. ADAMTS13 was
not predictive of clinical outcomes in multivariate analysis.
Conclusions: Among patients with NVAF, VWF is an independent
predictor of poor outcomes including death and a composite of death
and TE. As such, VWF measure may help identify high-risk patients and
provide further stratification beyond CHA2DS2-VASc assessment.

L'antigène du FVW, l'activit�e du FVW, l'activit�e d'ADAMTS13, et les
r�esultats de l'�echocardiographie ont �et�e �evalu�es au d�epart. La throm-
boembolie (TE) (accident vasculaire c�er�ebral/accident isch�emique
transitoire, infarctus du myocarde, ou TE survenant ailleurs),
l'h�emorragie majeure, l'h�emorragie non majeure pertinente sur le plan
clinique et la mortalit�e toutes causes ont �et�e �evalu�ees au suivi clin-
ique, par questionnaire, ou lors d'un appel t�el�ephonique.
R�esultats : Parmi les 374 patients (âge moyen : 63,4 � 12,7 ans;
25 % de femmes) ayant particip�e au suivi jusqu'à sa fin, on a relev�e 33
TE chez 32 patients (8,6 %), 18 d�ecès (5,1 %) et 33 �ev�enements
h�emorragiques (21 h�emorragies majeures et 12 h�emorragies non
majeures pertinentes sur le plan clinique) chez 25 patients (6,7 %).
L'antigène du FW �etait pr�edictif d'une TE selon l'analyse univari�ee
(risque relatif [RR] : 1,007; intervalle de confiance [IC] à 95 % : de
1,002 à 1,013; p ¼ 0,011), mais non selon l'analyse multivari�ee. Le
FVW �etait un facteur pr�edictif ind�ependant de la mortalit�e toutes
causes (RR : 1,011; IC à 95 % : de 1,003 à 1,020; p ¼ 0,011) et des
�ev�enements regroup�es de TE et de mortalit�e toutes causes (RR :
1,006; IC à 95 % : de 1,001 à 1,012; p ¼ 0,039) dans l'analyse
multivari�ee. La prot�ease ADAMTS13 ne constituait pas un facteur
pr�edictif des r�esultats cliniques dans l'analyse multivari�ee.
Conclusions : Parmi les patients pr�esentant une FANV, le FVW �etait un
facteur pr�edictif ind�ependant de r�esultats d�efavorables, notamment de
d�ecès et des �ev�enements regroupant les d�ecès et la TE. La mesure du
FVW pourrait donc aider à cibler les patients à risque �elev�e, et per-
mettre une stratification au-delà de l'�evaluation du score CHA2DS2-
VASc.

Wysokinski et al. 319
Long-term VWF Effect in Atrial Fibrillation
concentration, VWF latex immunoassay activity, and VWF-
specific protease ADAMTS13 activity between October 4,
2007, and April 27, 2009, were followed up for 3 years from
the date of enrollment. Methods of patient identification,
recruitment, exclusion criteria, and data acquisition were
previously described.20 Briefly, all patients referred for TEE
were approached for study participation unless they had: (1)
acute illness, stroke, myocardial infarction, or surgery within
30 days; (2) more than moderate valvular heart disease; (3)
artificial heart valves; (4) prior unprovoked venous or arterial
thrombosis; (5) prior major bleeding unrelated to anti-
coagulation therapy; (6) liver disease; (7) active malignancy; or
(8) hormonal stimulation (estrogen/progesterone therapy or
pregnancy). The details related to atrial fibrillation (AF) onset,
timing, chronicity, underlying etiologies, cardiac anatomy and
physiology, relevant comorbidities, and medical and inter-
ventional treatment of AF, particularly anticoagulation, were
collected prospectively at baseline and entered into a SAS-
based system for managing clinical data.

Patient clinical course including exploration of stroke/
transient ischemic attack (TIA), myocardial infarction, arterial
thromboembolism (TE) events of a different location, major
bleeding, clinically relevant nonmajor bleeding (CRNMB),
and death was assessed during patient clinical follow-up, or by
mailed written questionnaire or scripted phone interview.

Transesophageal echocardiogram

TEE was performed as previously described using
commercially available ultrasound instruments and a mul-
tiplane probe.30,31 LAAT was defined as an echogenic mass
in the appendage or body of the atrium, distinct from the
underlying endocardium and pectinate muscles, and
detected in more than one imaging plane.30,31 SEC was
defined as a pattern of dynamic “smoke-like,” slowly swirl-
ing, intracavitary echodensities imaged with gain settings
adjusted to eliminate background noise. SEC was graded as
“absent,” “mild,” “moderate,” or “severe” according to the
published, echocardiographic criteria.32 The LAAEV profiles
were measured over 5 consecutive cardiac cycles using
pulsed-wave Doppler interrogation with the sample volume
positioned 1 cm within the orifice of the LAA.33 The left
ventricular ejection fraction was visually estimated. Aortic
atherosclerosis severity was defined as “simple” when
atheroma thickness was <4 mm and immobile. Severe
atheroma exceeded 4 mm or contained mobile
components.30-33 Given the known difficulties in measuring
left atrial volume by TEE, LAVI was assessed by trans-
thoracic echocardiography performed within 1 month of the
TEE study and calculated by the biplane area-length
method.33 All echocardiographic images were analyzed by
the study cardiologist (NMA) who was blinded to clinical
and laboratory data.

Original TEE studies at the time of enrollment were
requested to exclude intracardiac thrombi before electro-
physiological procedures (69%), cardioversion (17%), or for
cardioembolic risk assessment (14%).

Sample collection. For each patient, 20 mL citrated blood
was collected at the time of recruitment to the study by
antecubital venipuncture using a 19-gauge thin-wall “butter-
fly” needle with a short plastic tube extension. For patients
with AF scheduled for electric cardioversion or radiofrequency
ablation, the blood sample was uniformly collected before this
procedure.
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Assays of plasma VWF antigen, VWF activity, and
ADAMTS13 activity

VWF antigen concentration in plasma was measured using
HemosIL von Willebrand Factor Antigen latex immunoassay
kits (Instrumentation Laboratory, Lexington, MA) with 2
ACL TOP coagulation system analyzers (Beckman Coulter,
Brea, CA), following the manufacturer’s instructions.

VWF activity in plasma was measured using HemosIL von
Willebrand Factor Activity latex immunoassay kits (Instru-
mentation Laboratory) on 2 ACL TOP coagulation analyzers,
following the manufacturer’s instructions.

The lower limit of normality was set up at 55 IU/dL and
the higher limit of normal was 200 IU/dL for both concen-
tration and activity of VWF. The standard relationship be-
tween activity and antigen was greater than 0.7. The validated
normal range of the VWF antigen concentration to VWF
activity (n ¼ 452 normal donors) was 0.7-1.4 with a mean at
1.0.20

ADAMTS13 protease activity (expressed as a percentage of
normal) was measured by a fluorescence resonance energy
transferebased assay using a VWF 73-amino-acid peptide
substrate (commercial kit; GTI DIAGNOSTICS, Waukesha,
WI).

Study definitions and event adjudication

The Congestive Heart Failure, Hypertension, Age (�75
years), Diabetes, Stroke/Transient Ischemic Attack, Vascular
Disease, Age (65-74 years), Sex (Female) (CHA2DS2-VASc)
score was calculated for each patient.34 The presence of AF
was confirmed by either electrocardiogram or Holter moni-
toring. Congestive heart failure was defined as the presence of
clinical symptoms and signs of heart failure within the last 3
months, with or without evidence of LV systolic dysfunction
by echocardiography.34 Diabetes mellitus was diagnosed based
on the criteria recommended by the American Diabetes As-
sociation.35 Stroke and TIA were defined by criteria proposed
by the American Heart Association.36 AF was classified as
“paroxysmal,” “persistent,” or “permanent” per contemporary
guidelines.37

Major bleeding was defined as overt bleeding plus a hae-
moglobin decrease of �2 g/dL after the incident, transfusion
of �2 units of packed red blood cells, or intracranial, intra-
spinal, intraocular, pericardial, retroperitoneal, or fatal
bleeding.38 CRNMB was defined as overt bleeding not
meeting the criteria for major bleeding but associated with
medical intervention, unscheduled contact with a member of
the health care team, or temporary cessation of anti-
coagulation therapy. The third safety outcome was a com-
posite of major and CRNMB.

To include the variable of anticoagulation into the uni-
variate and multivariate analysis, patients who were treated
with anticoagulation for more than 2 years over 3 years of
follow-up were classified as “on anticoagulation for >2 years.”

Ethics approval

This study was performed in line with the principles of the
Declaration of Helsinki. Approval was granted by the Mayo
Clinic Institutional Review Board in Rochester, MN (IRB#:
18-011482).
Statistical analysis

Demographic, clinical, and echocardiographic patient
characteristics are presented as mean � standard deviation for
continuous variables and as frequency (percentage) for discrete
variables. Long-term follow-up event estimates were
computed using the Kaplan-Meier method. Univariate and
multivariate modelling of long-term outcomes was assessed
using Cox proportional hazards models, modelling the time to
the first event. Because of the limited number of events,
multivariate models were developed by adding the most
clinically relevant predictors that were statistically significant
in the univariate analyses. The proportional hazards assump-
tion was tested using the Supremum test. Results are pre-
sented with 95% confidence intervals and P values. Statistical
analyses were completed with SAS 9.4 (SAS Institute Inc,
Cary, NC).
Results
Of the original 414 patients recruited, complete 3-year

follow-up data was available for 374 (90%) patients (mean
age, 63.4 � 12.7 years; 25% women). Demographic, clinical,
and echocardiographic characteristics are reported in Table 1.
Congestive heart failure was diagnosed in 25% and 15% had
prior stroke/TIA. The mean CHA2DS2-VASc score was 2.4 �
2.0, and 58% of patients had scores � 2. SEC was identified
in 54% of patients and 19 (5%) had LAAT confirmed by
TEE. One-fourth of the patients had severely decreased left
atrium appendage contractility (LAAEV � 25 cm/s) and 14%
had markedly enlarged left atria (LAVI > 60 cm/m2). Sig-
nificant left ventricle systolic dysfunction (left ventricular
ejection fraction < 40%) was present in 11%, and severe
aortic atheromas were detected in 8% of the study group
(Table 1). During 3 years of follow-up, 164 (43.8%) patients
continued anticoagulation uninterrupted, 19 (5%) were
anticoagulated for more than 2 years, 52 (14%) patients
received anticoagulation for less than 2 years but more than 3
months, 108 (29%) for up to 3 months, and 31 (8%) were
not treated with anticoagulation.

The mean VWF antigen concentration in the group of
NVAF with complete follow-up was 159.6 � 53.4 IU/dL and
VWF activity 145.9 � 51.5 IU/dL, with VWF activity pro-
portional to antigen concentration (mean ratio of 0.9 � 0.1),
consistent with the results from the whole cohort of the
original study.20

Clinical outcomes

During 3 years of follow-up, there were 33 TE events in 32
patients (8.6%): 12 myocardial infarctions, 14 strokes/TIA (1
patient had TIA and then stroke), and 7 TE events of other
locations (Table 2). There were also 33 bleeding events in 25
(6.7%) patients: 21 major and 12 CRNMB (13 patients had
major bleeding only, 8 patients had major bleeding and
CRNMB, and 4 patients had only CRNMB). Eighteen pa-
tients (5.1%) died during 3 years of follow-up. Cumulative
incidence curves for the time to TE, major bleeding,
CRNMB, and death are shown in Figure 1.

Patients who suffered TE during follow-up had signifi-
cantly higher VWF activity (P ¼ 0.07) and VWF antigen
concentration (P ¼ 0.02) compared with those without this



Table 1. Demographic, clinical, and echocardiographic characteristics

Variables Patients (n ¼ 374)

Age (y), mean � SD 63.4 � 12.7
Female, n (%) 93 (25)
Type of atrial fibrillation, n (%)

Paroxysmal 180 (48)
Persistent 105 (28)
Permanent 57 (15)
Unspecified 32 (9)

CHF, n (%) 93 (25)
Hypertension, n (%) 222 (59)
Age � 75, n (%) 70 (19)
Diabetes mellitus, n (%) 51 (14)
Prior stroke/TIA, n (%) 55 (15)
Vascular disease, n (%) 97 (27)
Age 65-74, n (%) 100 (27)
CHA2DS2-VASc score, mean � SD 2.4 � 2.0

Score 0, n (%) 57 (16)
Score 1, n (%) 96 (26)
Score 2-6, n (%) 196 (54)
Score > 6, n (%) 14 (4)

Spontaneous echocardiographic
contrast (SEC), n (%)

200 (54)

Mild 96 (26)
Moderate 70 (19)
Severe 34 (9)

Left atrium appendage thrombus
(LAAT), n (%)

19 (5)

Left atrium appendage emptying
velocity (cm/s), mean � SD

46.9 � 25.2

� 75, n (%) 52 (17)
50-74, n (%) 81 (26)
26-49, n (%) 96 (31)
� 25, n (%) 78 (25)

Left atrium volume index (cm/m2),
mean � SD

43.3 � 16.6

> 60, n (%) 44 (14)
Left ventricular ejection fraction,

mean � SD
54.8 � 11.6

< 40%, n (%) 40 (11)
Any atheromas of aorta, n (%) 237 (65)

Simple 209 (57)
Severe 28 (8)

VWF activity (IU/dL)
Mean (SD) 145.9 (51.5)
Median (min, max) 136.8 (49.2, 375.2)

VWF antigen (IU/dL)
Mean (SD) 159.6 (53.4)
Median (min, max) 155.0 (49.0, 399.0)

VWF activity/antigen concentration
ratio

Mean (SD) 0.9 (0.1)
Median (min, max) 0.9 (0.6, 1.5)

ADAMTS13 activity
Mean (SD) 115.8 (46.0)
Median (min, max) 109.3 (30.7, 289.3)

ADAMTS13, a disintegrin and metalloproteinase with a thrombospondin
type 1 motif, member 13; CHA2DS2-VASc, Congestive Heart Failure,
Hypertension, Age (�75 years), Diabetes, Stroke/Transient Ischemic Attack,
Vascular Disease, Age (65-74 years), Sex (Female); CHF, congestive heart
failure; SD, standard deviation; TIA, transient ischemic attack; VWF, Von
Willebrand factor.
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event (Table 3, panel A). VWF activity and concentration
were not different in patients with major bleeding or com-
posite of major and CRNMB compared with those without
bleeding complications (Table 3, panels B and C). ADAMTS
13 activity was not different in patients with TE or with major
bleeding compared with those without these events (Table 3,
panels A and B). However, within the group of patients who
had either major bleeding or CRNMB, ADAMTS13 activity
was lower compared with those without bleeding (P ¼ 0.03).

Among other clinical and echocardiographic variables,
VWF antigen concentration was identified as a predictor of
TE, all-cause mortality, composite of TE and all-cause mor-
tality, and composite of any bleeding and all-cause mortality
by univariate analysis (Supplemental Table S1). In addition,
VWF activity was a predictor of all-cause mortality, composite
of TE and all-cause mortality, and a composite of any
bleeding and all-cause mortality, whereas ADAMTS13 activ-
ity was a predictor of all-cause mortality by univariate analysis.

By multivariate Cox proportional hazards analysis, both
VWF antigen concentration and CHA2DS2-VASc scores were
identified as independent predictors of all-cause mortality
(Table 4). Furthermore, both VWF antigen and CHA2DS2-
VASc were independent predictors of a composite of TE and
death. Also, left atrium distension as assessed by volume index
independently predicted a composite of TE and all-cause
mortality. CHA2DS2-VASc score was the only predictor of
TE and the composite of any bleeding and death.

To assess the possible violations of the proportional hazards
assumption in Cox regression the Supremum test was used. It
showed that the only hazard ratio of multivariate analysis that
showed a violation of proportionality was the CHA2DS2-
VASc score prediction of major bleeding (hazard ratio, 1.571;
95% confidence interval, 1.162, 2.123, but the proportional
hazard P value by the Supremum test was 0.044); all other
hazard ratio analyses showed adequate proportionality by this
methodology (P > 0.05).
Discussion
The principal finding of the study is that VWF antigen

concentration is an independent predictor of death and a
composite of death and TE in patients with NVAF at 3 years
of follow-up after controlling for both clinical and echocar-
diographic variables. Patients who developed TE had signifi-
cantly higher VWF activity and concentration compared with
those without a TE event. This finding underscores the
general hypothesis that blood hypercoagulability adds to the
risk calculation for all-cause mortality in these patients. VWF
activity analysis has not revealed any better predictive power
compared with VWF antigen concentration. The importance
of clinical risk factors in the prediction of adverse clinical
outcomes, as is captured by the CHA2DS2-VASc score tool, is
also confirmed.

AF has been generally viewed as an acquired hypercoagu-
lable condition.11-17 Out of a myriad of blood variables
analyzed, VWF antigen concentration has been the only
consistently elevated protein identified in this
dysrhythmia.11,20-23 AF is known to promote left atrial
enlargement and decreased left atrial appendage contractility,
which leads to blood stagnation. In fact, the LAVI was an
independent predictor of the composite outcome of TE and
all-cause mortality in the current analysis. Our previous
studies have shown a direct correlation between measures of
blood stasis in the fibrillating left atrium and increased mea-
sures of VWF antigen concentration and activity.20 Beyond
blood stasis, these measures have been associated with left
atrial appendage thrombi.11,20 Endocardial expression of



Table 2. Thromboembolic and bleeding events during 3 years of follow-up

Adverse event Total Anticoagulation therapyz, n Antiplatelet therapyz, n
No antiplatelet or anticoagulant

therapy, n

Thromboembolism, n (%) 33 (8.8) 14 16 3
Myocardial infarction 12 (3.2) 8 4 0
Stroke/TIA 14 (3.7)* 4 8 2
Other thromboembolism 7 (1.9) 2 4 1

Bleeding, n (%) 33 (8.8)y 32 14 0
Major 21 (5.6) 21 8 0
CRNMB 12 (3.2) 11 6 0

CRNMB, clinically relevant nonmajor bleeding; TIA, transient ischemic attack.
* 13 patients had 14 events.
y 25 patients had 33 events.
z Some patients were both on anticoagulation and antiplatelet therapy.
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VWF was significantly correlated with both platelet adhesion
and thrombus formation in the left atrial appendage in pa-
tients with NVAF.39 Increased VWF levels were indepen-
dently associated with prior cerebral ischemia in a cohort of
1531 patients with AF from the Stroke Prevention in Atrial
Fibrillation (SPAF) III trial.21 However, in a follow-up study
of 994 SPAF III participants receiving aspirin, there was no
relation between VWF and subsequent stroke after adjusting
Figure 1. Kaplan-Meier cumulative event rates. Kaplan-Meier curves disp
composite of major and clinically relevant nonmajor bleeding (CRNMB), and
for other clinical predictors.23 In the group of 829 patients
with permanent AF on chronic anticoagulation during a
median of 828 days (range, 18-1085 days) of follow-up, the
high plasma VWF level (221 IU/dL) was an independent
predictor of future adverse cardiovascular events, mortality,
and major bleeding.24 In the study of 423 patients with
NVAF followed for 19 (9-31) months, more cardiovascular
adverse events (ischemic stroke, acute myocardial infarction,
lay the first event of (A) thromboembolism, (B) major bleeding, (C)
(D) death event in patients with nonvalvular atrial fibrillation.



Table 3. Von Willebrand factor (VWF) activity, VWF antigen concentration, and ADAMTS13 activity in patients with nonvalvular atrial fibrillation who
during follow-up had a thromboembolic event (panel A), major bleeding (panel B), or the composite of major bleeding and clinically relevant
nonmajor bleeding (CRNMB, panel C), compared with those without these events

A. Thromboembolic event

Variable Thromboembolic event (n ¼ 32) No thromboembolic event (n ¼ 342) P value

VWF activity 0.07
Mean (SD) 158.8 (46.2) 144.7 (51.8)
Median (min, max) 153.5 (96.4, 271.7) 135.0 (49.2, 375.2)

VWF antigen 0.017
Mean (SD) 180.5 (53.0) 157.7 (53.1)
Median (min, max) 184.0 (98.0, 298.0) 152.5 (49.0, 399.0)

ADAMTS13 activity 0.28
Mean (SD) 120.8 (35.2) 115.4 (46.9)
Median (min, max) 125.2 (53.7, 187.8) 106.1 (30.7, 289.3)

B. Major bleeding

Variable Major bleeding (n ¼ 21) No major bleeding (n ¼ 353) P value

VWF activity 0.13
Mean (SD) 148.3 (39.6) 145.8 (52.1)
Median (min, max) 139.0 (85.2, 218.6) 136.1 (49.2, 375.2)

VWF antigen 0.65
Mean (SD) 162.5 (43.0) 159.5 (54.0)
Median (min, max) 158.0 (77.0, 259.0) 152.5 (49.0, 399.0)

ADAMTS13 activity 0.11
Mean (SD) 104.1 (50.5) 116.5 (45.7)
Median (min, max) 86.8 (44.7, 258.0) 110.7 (30.7, 289.3)

C. CRNMB

Variable CRNMB (n ¼ 25) No CRNMB (n ¼ 349) P value

VWF activity 0.13
Mean (SD) 156.1 (41.4) 145.2 (52.1)
Median (min, max) 164.5 (85.2, 229.8) 135.6 (49.2, 375.2)

VWF antigen 0.19
Mean (SD) 169.3 (44.0) 158.9 (54.0)
Median (min, max) 162.0 (77.0, 259.0) 154.0 (49.0, 399.0)

ADAMTS13 activity 0.026
Mean (SD) 99.7 (47.7) 117.0 (45.7)
Median (min, max) 86.1 (44.7, 258.0) 111.0 (30.7, 289.3)

ADAMTS13, a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13; SD, standard deviation.

Wysokinski et al. 323
Long-term VWF Effect in Atrial Fibrillation
or all-cause mortality) occurred in the upper tertile of VWF
compared with the lowest or middle tertiles.25 In another
prospective, longitudinal single-centre study including 269
patients with AF followed for a median duration of 1933
(1517-2277) days, a high ratio of VWF/ADAMTS13 inde-
pendently predicted major adverse cardiovascular events.26 In
a recent meta-analysis, elevated circulating VWF was inde-
pendently associated with a higher risk of cardiovascular
complications and all-cause mortality.29 However, most of the
studies of this meta-analysis investigated the VWF effect on
clinical outcomes using either high tertile or certain cutoff
points of VWF concentration (VWF >1434.92 mU/mL or
221 IU/dL), not VWF as a continuous variable. Moreover,
none of those studies were using echocardiographic measures
as confounding variables representing a high risk of adverse
cardiovascular events and mortality. All prior studies had an
older population of patients with AF. Our study cohort rep-
resents a more current clinical profile of the AF population
with a significant proportion of patients treated with pulmo-
nary vein isolation. Moreover, most of the previous studies
had a wide range of follow-up periods such as from 18 to
2277 days, and the current study assessed clinical outcomes
during a uniformed time frame of 3 years.

In the current study, although VWF was predictive of TE
in the univariate examination, it lost significance after
adjusting for other variables in the multivariate model. This
finding may be accounted for by the introduction of
antithrombotic therapy in those high-risk patients. More-
over, a substantial percentage (69%) of our population
underwent pulmonary vein isolation that undoubtedly
altered the natural history of this disease. The ideal longi-
tudinal study would be to monitor outcomes in these pa-
tients without altering the dysrhythmia or prothrombotic
status, which would be neither practical nor ethical.
Furthermore, the discrepancy between a clear and strong
association of elevated VWF and the presence of LAAT and
the lack of predictive power for future TE events could
reflect the heterogeneous etiology of stroke in NVAF. It is
estimated that only half of strokes in NVAF are related to
cardioembolism.40

In contrast to measures of VWF, ADAMTS13 activity was
not an independent predictor of TE, bleeding, or death in
multivariate analysis. ADAMTS13 is regulated in vivo by the
unfolding of the substratedthe VWF multimer. Brisk
laminar blood flow unfolds ultra-large VWF molecules, which
allows rapid proteolysis by ADAMTS13.41 Under static
conditions, proteolysis is retarded 1000-fold. Therefore,
measuring ADAMTS13 activity in vitro does not reflect flow-
mediated conditions in vivo and, not surprisingly, does not
correlate with clinical outcomes.



Table 4. Multivariate analysis of covariates modeled as a time to the first event, associated with the risk of thromboembolic events (subset A), major
bleeding (subset B), composite of major and clinically relevant nonmajor bleeding (subset C), all-cause mortality (subset D), composite of
thromboembolism and all-cause mortality (subset E), and the composite of major, clinically relevant nonmajor, and all-cause mortality (subset F)

Variable Hazard ratio 95% CI P value

A. Thromboembolic events (n ¼ 32)
CHA2DS2-VASc score 1.349 (1.110, 1.639) 0.003
LAAT 2.291 (0.756, 6.940) 0.143
VWF antigen 1.005 (0.998, 1.011) 0.170
On anticoagulation for > 2 y 0.777 (0.303, 1.990) 0.599

B. Major bleeding (n ¼ 21)
CHA2DS2-VASc score 1.571 (1.162, 2.123) 0.003*
LAA emptying velocity � 25 3.046 (0.947, 9.798) 0.062
On anticoagulation for > 2 y 2.695 (0.297, 24.460) 0.378

C. Major or clinically relevant nonmajor bleeding (n ¼ 32)
CHA2DS2-VASc score 1.650 (1.250, 2.177) < 0.001
On anticoagulation for > 2 y 3.284 (0.375, 28.776) 0.283
LAA emptying velocity � 25 1.882 (0.656, 5.402) 0.240

D. All-cause mortality (n ¼ 18)
CHA2DS2-VASc score 1.717 (1.273, 2.315) <0.001
VWF antigen 1.011 (1.003, 1.020) 0.011
On anticoagulation for >2 y 1.830 (0.216, 15.465) 0.579

E. Thromboembolism and all-cause mortality (n ¼ 44)
CHA2DS2-VASc score 1.391 (1.171, 1.651) < 0.001
VWF antigen 1.006 (1.000, 1.012) 0.039
Moderate/severe SEC 0.907 (0.413, 1.991) 0.808
LA volume index 1.023 (1.005, 1.041) 0.011
On anticoagulation for > 2 y 0.885 (0.366, 2.144) 0.787

F. Major or clinically relevant nonmajor bleeding and death (n ¼ 41)
CHA2DS2-VASc score 1.752 (1.382, 2.222) < 0.001
LAAT 1.155 (0.293, 4.549) 0.837
LAA emptying velocity � 25 1.830 (0.745, 4.493) 0.187
VWF antigen 1.004 (0.997, 1.010) 0.279
On anticoagulation for > 2 y 1.942 (0.398, 9.478) 0.412

CHA2DS2-VASc, Congestive Heart Failure, Hypertension, Age (�75 years), Diabetes, Stroke/Transient Ischemic Attack, Vascular Disease, Age (65-74 years),
Sex (Female); CI, confidence interval; LAAT, left atrium appendage thrombus; SEC, spontaneous echocardiographic contrast; VWF, Von Willebrand factor.

* For this one evaluation, the proportional hazards P value, calculated using the Supremum test, has not proved the assumption of proportionality (P ¼ 0.044
with the Supremum test). All other evaluations proved the assumption (P > 0.05).
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Several limitations of this study deserve mention. First, we
cannot exclude referral bias as only patients who had a TEE
requested by their care provider were recruited. Moreover, 40
patients of the original study cohort were not seen in our
institution within the 3 years after enrollment, have not
submitted the mailed questionnaire, and we were not able to
contact them by phone (lost to follow-up). However, the
demographic characteristics of the current study cohort are
not different from the original study group.20 Second, the
blood type was not measured. Blood type “O” is associated
with lower than normal values of circulating VWF and has
been shown to impact outcomes.42 Third, there were no
predetermined follow-up visits scheduled for the study.
Clinical course and study outcome exploration were per-
formed based on the analysis of clinical reports from visits
scheduled by primary service, and from the information ob-
tained from mailed questionnaires or a scripted phone inter-
view. Because of this method of gathering the data, we were
not always able to precisely establish the date of anti-
coagulation initiation or discontinuation. Fourth, the VWF
level represents acute phase reactivity that raises concerns of
reproducibility. A large study, however, found that VWF
reproducibility is similar to blood pressure and serum
cholesterol.43 Lastly, patients were treated with different
medications that may have an impact on VWF and
ADAMTS13. However, measures of VWF concentration,
activity, and ADAMTS13 activity that we checked at baseline
in our cohort were not affected by sex, or therapy with
warfarin, aspirin, or statin.20
Conclusions
Among patients with NVAF, those with TE complications

have higher VWF antigen concentration and activity, and
VWF is an independent predictor of poor outcomes including
death and a composite of death and TE after controlling for
both clinical and echocardiographic variables. As such, this
measure may help identify high-risk patients and provide
further stratification beyond CHA2DS2-VASc assessment.
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