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Abstract

Background: Patients with type 1 von Willebrand disease (VWD) undergo a desmo-
pressin (DDAVP) responsiveness challenge at diagnosis to assess whether DDAVP
reverses their coagulation deficits. Current practice assumes DDAVP responsiveness
remains constant over the lifetime. In patients with type 1 VWD, VWF-related pa-
rameters increase with age. This study explores whether DDAVP responsiveness also
differs with age in this population.

Methods: We conducted a retrospective chart review of 106 patients enrolled at
our center since 1990. Our primary outcome was DDAVP responsiveness at 1 hour
after DDAVP challenge. Locally weighted scatterplot smoothing fit and Spearman
correlation coefficients were used to study the relationship between age and DDAVP
responsiveness. For female participants, we used the Kruskal-Wallis test to compare
absolute and relative changes in DDAVP responsiveness at various ages.

Results: We had 79 patients (56 female) with type 1 VWD with at least 1 DDAVP
challenge. In women with type 1 VWD, the absolute change in DDAVP respon-
siveness did not vary significantly with age (VWF:antigen [Ag], -0.08, P = .56;
VWEF:ristocetin cofactor [RCo], -0.16, P = .26; low-molecular-weight component of
factor VIII [FVIII:C], -0.01, P = .93), nor did the relative change in DDAVP responsive-
ness (VWF:Ag, -0.03, P = .86; VWF:RCo, -0.25, P = .09; FVIII:C, -0.14, P = .34). The
data plot suggested a relationship.

Conclusion: In women with type 1 VWD, DDAVP responsiveness may vary over the
life cycle. Our exploratory findings are limited by our retrospective data, cross-sec-
tional design, and small sample. Future studies should investigate the relationship
between age and DDAVP responsiveness prospectively to evaluate whether there is
clinical utility in rechallenging postpubertal female patients with type 1 VWD.

KEYWORDS

deamino arginine vasopressin, hemorrhage, hemostasis, von Willebrand disease, women

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2020 The Authors. Research and Practice in Thrombosis and Haemostasis published by Wiley Periodicals LLC on behalf of International Society on Thrombosis

and Haemostasis.

1046 wileyonlinelibrary.com/journal/rth2

Res Pract Thromb Haemost. 2020;4:1046-1052.


www.wileyonlinelibrary.com/journal/rth2
mailto:﻿
https://twitter.com/nicola.goldberg
https://twitter.com/nicola.goldberg
https://twitter.com/davidlillicrap
https://twitter.com/davidlillicrap
https://twitter.com/james_paulad
https://twitter.com/james_paulad
https://twitter.com/Sholzberg
https://twitter.com/Sholzberg
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Nicola.goldberg@mail.utoronto.ca

GOLDBERG ET AL.

Essentials

rpth 1047

esearch & practice §
in thrombosis & haemostasis

e In patients with type 1 von Willebrand disease (VWD), VWF-related parameters increase with age.

o We investigated whether desmopressin responsiveness also varies with age in these patients.

e The only age-related DDAVP response we found was a trend toward enhanced responsiveness in peripubertal women.

e Future studies should prospectively study the clinical implications of this laboratory phenomenon.

1 | INTRODUCTION

Von Willebrand factor (VWF), a multimeric glycoprotein, plays an
important role in primary hemostasis by promoting platelet plug
formation. VWEF is also important for secondary hemostasis, as it
extends the half-life of factor VIII (FVIII) by preventing degradation,
excessive activation, and consumption.! VWF is genetically coded
as a large polypeptide that is cleaved into multimeric subunits that
later recombine to form a functional unit.! Defects in VWF quantity
(type 1, relative; type 3, absolute) or function (type 2) lead to von
Willebrand disease (VWD), an inherited bleeding disorder found in
approximately 0.1% of the population worldwide.?

Patients with VWD may receive treatments that boost VWF-
independent hemostatic pathways, such as tranexamic acid,® or
receive therapy targeting VWF activity itself.* Targeted ther-
apies include VWF-containing concentrate and vasopressin.
VWE-containing concentrate is highly effective at preventing
life-threatening hemorrhage,s’6 but there are important pressures
to find alternatives to blood products, which leads many physi-
cians to use desmopressin (DDAVP), an arginine d-amino deriv-
ative of the hormone vasopressin. DDAVP is a safe, inexpensive,
and effective alternative in most patients that mimics endogenous
vasopressin by stimulating VWF and FVIII release from the vascu-
lar endothelium.”

Patients with VWD type 1 have adequate stores of relatively
well-functioning VWF and therefore can theoretically boost their
hemostatic response following administration of DDAVP.8? In prac-
tice, patients with genetically similar disease can differ dramatically
in their response to DDAVP administration, with some patients
normalizing their VWF levels, while others remain close to or at
baseline.’®!! To mitigate the risk created by unknown variation in
responsiveness, patients with VWD type 1 routinely undergo a
DDAVP responsiveness challenge, usually at the time of diagnosis,
to determine whether they will benefit from DDAVP as therapy for
future bleeding or prophylaxis for procedures. For most patients,
this occurs before age 18, and subsequent care assumes that a
patient’s responsiveness remains constant over their lifetime.??
Consequently, most patients are never retested, unless there is
concern about a drug administration error, and those who failed to
respond during their initial challenge are treated as nonresponders
indefinitely. Patients with VWD types 2A, 2B, 2M, and 3 are typ-
ically not challenged or treated with DDAVP because DDAVP ad-
ministration may stimulate worsening thrombocytopenia (type 2B)
or because the underlying pathophysiology cannot be corrected by
exogenous DDAVP (type 2A, type 2M, type 3).

It is well known that in individuals without VWD, VWF levels
increase with age,*?® likely suggestive of an age-related tendency
toward thrombosis. Various authors*>*> have found that VWF levels
also rise with age in patients with type 1 VWD. These observations
led us to hypothesize that DDAVP responsiveness, in patients with
type 1 VWD, may also differ with increasing age. The objective of
the current study is to explore the relationship between age and
DDAVP responsiveness in patients with type 1 VWD.

2 | METHODS
2.1 | Study design and participants

We conducted a retrospective chart review of DDAVP responsive-
ness in patients with type 1 VWD followed at the largest Canadian
Hemophilia Treatment Center at St. Michael’s Hospital in Toronto,
Ontario, from 1990 to 2016 (see Figure 1). Patients included ranged
from age 18 to 72 at the time of data extraction, but their historical
pediatric data were included if available, which would have been col-
lected at the requisite pediatric tertiary care center, most commonly
The Hospital for Sick Children in Toronto, Ontario. One reviewer
(HS) performed manual data extraction from all patient charts to be
used for the current study. A separate reviewer (NG) performed the
analyses to reduce bias.

All patients met the following clinical criteria, used at our center,
for the diagnosis of type 1 VWD: VWF:antigen (Ag) level <0.5 U/
mL, VWF:ristocetin cofactor (RCo) activity <0.5 U/mL, normal dis-
tribution of multimers, and a positive personal and/or family history
of excessive bleeding. Confirmatory genetic testing was available
for all participants and categorically excluded a type 2 VWD de-
fect. More conservative definitions of type 1 VWD were not applied
given our limited sample size and also because this definition is clin-
ically accepted at our institution and at many other bleeding disor-
der-focused institutions. Frequency of previous bleeding episodes
requiring DDAVP was not available due to the retrospective nature
of the study. Patients were included if they had undergone at least 1
DDAVP challenge in their lifetime. When patients had 2 challenges,
we included data from the most recent record or the record that had
more complete data for laboratory results.

We excluded patients on medications known to impact VWF and
FVlllevels (ie, hormonal contraception, hormone replacement therapy,
B-blockers, thyroid replacement) and patients with types 2A, 2B, 2M,
and 3 VWD due to contraindication or lack of benefit with DDAVP. No
patients had VWD type 2N. We planned to exclude results if patients

were pregnant, admitted to the hospital (ie, acutely ill and/or receiving
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Patients followed at our
Center with Type 1 vVWD:
N =213

Patients followed at least 1
DDAVP challenge:

N =90 q
F =66
M=24

FIGURE 1 Flow diagram of patients
followed at our center included in the
1.23 study. DDAVP, desmopressin; VWD, von
patients . .
excluded for Willebrand disease
no DDAVP
challenge on
file
11 patients

excluded due

to medication
use or

comorbidities

Patients included in final
analyses:
N=79
F =56
M=23

hemostatic therapy), or received DDAVP or factor replacement in the
4 days preceding the responsiveness challenge, as these conditions are
known to alter plasma VWF-related measurements. However, no pa-
tients met these clinical criteria for exclusion. All patients who met the

above criteria were included in the study.

2.2 | Data

We extracted all available laboratory results on file for study partici-
pants for: VWF:Ag level, VWF:RCo activity, and low-molecular-weight
component of FVIII (FVIII:C) activity. For DDAVP challenges, patients
received intravenous or subcutaneous DDAVP dosed at 0.3 pg/kg,
with a dose-cap applied to patients weighing >100 kg. We could not
perform subgroup analyses by DDAVP formulation due to the small
sample size. We included plasma levels of VWF:Ag, VWF:RCo, and
FVIII:C at any of the following available time points: prior to admin-
istration (ie, at baseline) and then at 1 hour and 4 hours after admin-
istration. We did not include levels at 2-hour administration because
this value was not consistently documented. We did not have access to
data on innate VWF clearance. We designated the pre-DDAVP values
as the patient’s baseline, but these may not reflect historical nadir lev-
els used to establish the diagnosis of VWD. Patients were excluded if

the above data points were missing from their chart.

2.3 | DDAVP responsiveness definitions

We applied 2 definitions of DDAVP responsiveness: (i) absolute
change in VWF:Ag, VWF:RCo, and FVIII:C levels from baseline to
post-DDAVP administration, defined as post-DDAVP levels minus
baseline levels; and (ii) relative change in VWF:Ag, VWF:RCo, and
FVIII:C levels from baseline to post-DDAVP administration, defined
as post-DDAVP levels divided by baseline levels. Categorical defini-
tions of responsiveness exist in the literature,'® but we chose not to
use them as we wanted to explore the age relationship with continu-

ous responsiveness before applying clinical criteria.

2.4 | Outcomes

Our primary outcomes were absolute and relative change in DDAVP
responsiveness at 1 hour after challenge.

2.5 | Analyses

Analyses were stratified by sex to control for the impact of estrogen
on VWF and FVIII:C levels and by age due to the known variation in

estrogen levels over the life span in women. The relationships be-

tween age and DDAVP responsiveness (at 1 hour and at 4 hours)
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were explored by creating scatterplots using locally weighted scat-
terplot smoothing fit and estimating Spearman correlation coeffi-
cients. Second, for female patients, we used the Kruskal-Wallis test
to compare absolute and relative changes with respect to selected
age categories based on literature estimates of when childhood,
puberty,'” childbearing,'® and perimenopause?? take place in North
America (ages 0-10.0 years, 10.1-20.0 years, 20.1-47.0 years; and
>47.1 year, respectively). SAS 9.4 (SAS Institute Inc, Cary, NC, USA)

was used for all analyses.

3 | RESULTS

Of the 213 patients at our center with type 1 VWD, only 90 had
undergone 1 (n = 77) or 2 (n = 13) DDAVP challenges. The time
between challenges ranged from 233 days to 21.9 years (me-
dian, 10 vyears, interquartile range, 6.3-11.1 years). Of the 90

TABLE 1 Baseline characteristics
of patients with VWD type 1 prior to

Ch teristi
administration of a DDAVP challenge aracteristic

Blood type O, n (%)

Comorbidities,? n (%)

Age at DDAVP challenge, y, mean (SD)
Basline VWF:Ag, U/mL, mean (SD)
Basline VWF:RCo, U/mL, mean (SD)
Basline FVIII:C, U/mL, mean (SD)
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patients, 11 (12.2%) were using medications known to affect test
results (Advair [n = 1], hormonal contraception [n = 6], B-blockers
(n = 2), thyroid replacement [n = 2]), and were excluded from the
analyses. The final analysis sample included 79 patients (56 fe-
males [70.9%] and 23 males [29.1%)]), with age at challenge rang-
ing from 142 days to 65.3 years (mean [standard deviation] = 24.1
[15.1]). The distribution of baseline characteristics by sex is dis-
played in Table 1.

DDAVP responsiveness mean absolute changes were positive
at 1 hour and 4 hours for both males and females; DDAVP respon-
siveness mean relative changes indicate postchallenge levels were at
least twice as high as baseline levels at 1 hour and 4 hours for both
males and females (Table 2).

The relationships between absolute change in DDAVP respon-
siveness at 1 and 4 hours after challenge and age at challenge are
illustrated in Figure 2A-C. There is a lot of variability in the data and

an apparent peak between 20 and 30 years in women.

Female (N = 56) Male (N = 23) :;Zsing
28(66.7) 13 (92.9) 23
0 1(4.4) 0
22.6 (12.6) 27.7 (19.7) 0
0.44(0.18) 0.27 (0.15) 5
0.39 (0.17) 0.25(0.13) 3
0.70(0.29) 0.49 (0.32) 4

Abbreviations: FVIII:C, low-molecular-weight component of factor VIII; SD, standard deviation;
VWD, von Willebrand disease; VWF:Ag, von Willebrand factor:antigen; VWF:RCo, von Willebrand

factor:ristocetin cofactor.

2Comorbidities included type 2 diabetes mellitus. Note that all other patients with comorbidities
were already excluded due to medication use.

TABLE 2 Plasma levels of VWF:Ag, VWF:RCo, and FVIII:C, and DDAVP responsiveness at 1 h and 4 h after challenge

VWF:Ag VWF:RCo FVIII:C

Hours post challenge Female Male Female Male Female Male

At1h,n 46 22 48 22 47 22

Plasma levels, U/mL, mean (SD)  1.30(0.49) 0.88(0.44) 1.28 (0.49) 0.85(0.43) 2.07 (0.60) 1.49 (0.71)

DDAVP responsiveness 0.87 (0.40) 0.61 (0.34) 0.90(0.41) 0.60 (0.34) 1.37 (0.51) 1.04 (0.61)
absolute change, mean (SD)

DDAVP responsiveness 3.30(1.57) 3.96(2.42) 4.05(2.91) 3.72(1.78) 3.28(1.18) 4.21(3.04)
relative change, mean (SD)

At4 h,n 43 13 42 14 40 14

Plasma levels, U/mL, mean (SD)  1.03 (0.45) 0.64 (0.39) 0.96 (0.47) 0.58 (0.33) 1.57 (0.53) 1.13(0.69)

DDAVP responsiveness 0.58(0.31) 0.36(0.26) 0.57(0.37) 0.33(0.24) 0.83(0.38) 0.60(0.41)
absolute change, mean (SD)

DDAVP responsiveness 2.30(0.59) 2.12(0.59) 2.62(1.25) 2.25(0.80) 2.22(0.69) 2.14 (0.48)

relative change, mean (SD)

Note: DDAVP responsiveness absolute change is measured as the difference between levels at 1 h or 4 h and levels at baseline.

DDAVP responsiveness relative change is measured as the postchallenge levels divided by baseline levels.

Abbreviations: DDAVP, desmopressin; FVIII:C, low-molecular-weight component of factor VIII; SD, standard deviation; VWD, von Willebrand
disease; VWF:Ag, von Willebrand factor:antigen; VWF:RCo, von Willebrand factor:ristocetin cofactor.
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The relationships between relative change in DDAVP respon-
siveness at 1 and 4 hours after challenge and age at challenge are

illustrated in Figure 3A-C. A few extreme outliers in females are

noted.
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FIGURE 2 Absolute desmopressin responsiveness versus age
for females (left) and males (right). (A) VWF:Ag change at 1 h and
4 h after desmopressin challenge. (B) VWF:RCo change at 1 h and
4 h after desmopressin challenge. (C) FVIII:C change at 1 h and

4 h after desmopressin challenge. FVIII:C, low-molecular-weight
component of factor VIII; VWF:Ag, von Willebrand factor:antigen;
VWEF:RCo, von Willebrand factor:ristocetin cofactor

In women with type 1 VWD, the correlations between contin-
uous age and VWF-related responsiveness to DDAVP at 1 hour
were small. For absolute change, the correlations were: VWF:Ag,
-0.08, P = .56; VWF:RCo, -0.16, P = .26; FVIII:C, -0.01, P = .93;

(A)
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FIGURE 3 Fold change in desmopressin responsiveness versus
age for females (left) and males (right). (A) Fold VWF:Ag change

at 1 h and 4 h after desmopressin challenge. (B) Fold VWF:RCO
change at 1 h and 4 h after desmopressin challenge. (C) Fold FVIII:C
change at 1 h and 4 h after desmopressin. FVIII:C, low-molecular-
weight component of factor VIII; VWF:Ag, von Willebrand
factor:antigen; VWF:RCo, von Willebrand factor:ristocetin cofactor
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and for relative change, the correlations were: VWF:Ag, -0.03,
P =.86; VWF:RCo, -0.25, P = .09; FVIII:C, -0.14, P = .34. Likewise,
correlations were small at 4 hours after DDAVP challenge. For ab-
solute change: VWF:Ag, -0.06, P = .70; VWF:RCo, -0.08, P = .61;
FVIII:C, 0.07, P = .65; and for relative change: VWF:Ag, 0.12, P = .43;
VWEF:RCo, -0.11, P = .49; FVIII:C, 0.09, P = .57. In men with type 1
VWD, none of the correlations between age at challenge and any of
the DDAVP responsiveness parameters was significant.

The distribution of relevant age categories in female patients
was as follows: 8 (14.3%) between 0 and 10 years, 22 (39.3%) be-
tween 10.1 and 20 years, 23 (41.1%) between 20.1 and 47 years, and
3 ages 247.1 years. The median and interquartile range of DDAVP
responsiveness at 1 hour among the 4 age categories is displayed
in Table 3. Our data do not support differences in relative DDAVP

responsiveness at 1 hour between the age categories.

4 | DISCUSSION

In our retrospective exploratory study, females of peripubertal age
demonstrated a trend toward enhanced responsiveness to DDAVP
administration that declines toward menopause that did not reach
statistical significance. We did not observe any trend towards an
age-related change in DDAVP responsiveness in males.

Laboratory studies demonstrate that estrogen directly stimulates
endothelial cells to produce VWF.2° Our findings, while not statisti-
cally significant, are suggestive of this well-documented relationship
between estrogen exposure and enhanced coagulation, which has
also been demonstrated by females with VWD who experience in-

creases to their VWD-related parameters while taking oral estrogen
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therapy.21 Our study is the first to explore an association between
DDAVP responsiveness and age in female patients with type 1 VWD.

Our study has limitations that warrant discussion. As a retrospec-
tive study, we relied on data points already existing in our database,
and many missing data points make it difficult to properly character-
ize our population. For example, many patients did not have a bleed-
ing assessment tool (BAT) score on file; therefore, we did not include
these values in our baseline characteristics. Likewise, because our
study was cross sectional, rather than longitudinal, it does not inves-
tigate intra-individual variation in DDAVP responsiveness over the
life span. The age at which VWD is diagnosed is likely suggestive of
the clinical severity, with those who have more severe disease and
lower levels presenting earlier, rather than absolute levels chang-
ing with age. For this reason, prospective studies that follow levels
within individuals over time are needed. Given the wide variability in
the bleeding phenotype of type 1 VWD, it is important to study this
relationship longitudinally. Furthermore, our study, along with many
other studies on rare inherited bleeding disorders, was limited by
a small sample size, and thus we were unable to perform many im-
portant subgroup analyses, such as baseline VWD and formulation
of DDAVP received. We are particularly limited in our number of
patients falling into the 0-10 and 247 categories, and therefore our
conclusions are based on the trends we observed in patients aged
10-47 years old. Since we chose to use a continuous definition of
DDAVP responsiveness, rather than previously established cutoffs
of clinically relevant changes in coagulation markers, the clinical
relevance of our finding of enhanced responsiveness in women of
childbearing years remains unknown.

We believe that logical next steps would be to perform a pro-

spective study of DDAVP responsiveness in female patients and

TABLE 3 Median and interquartile range for plasma levels of VWF:Ag, VWF:RCo, and FVIII:C, and DDAVP responsiveness at 1 h

(absolute and relative change) among 4 relevant age categories

Age categories

VWEF:Ag

n

Absolute change

Relative change
VWEF:RCo

n

Absolute change

Relative change
FVII:C

n

Absolute change

Relative change

0-10y

2
0.64 (0.54-0.74)
2.71(2.42-3.00)

5
0.65 (0.63-0.87)
2.97 (2.85-4.11)

5
1.19 (1.11-1.3¢)
3.26 (2.98-3.34)

10.1-20y

19
0.79 (0.60-1.31)
3.23(2.35-3.74)

20
0.91 (0.65-1.40)
3.88(3.14-4.59)

17
1.53(1.03-1.76)
3.03(2.61-3.84)

P
20.1-47 y 2471y value
22 3

0.85(0.50-1.29) 0.76 (0.29-1.00) .8016
3.18(2.35-4.12) 2.54(2.07-3.24) .6595
20 3

0.75(0.58-1.26) 0.62(0.23-0.73) .2804
3.13(2.54-4.02) 2.05(1.93-3.61) .2501
22 3

1.44 (1.04-1.78) 1.45(0.57-1.87) 9761
2.93(2.56-3.73) 2.59 (1.30-3.97) 7591

Note: DDAVP responsiveness absolute change is measured as the difference between levels at 1 h or 4 h and levels at baseline.

DDAVP responsiveness relative change is measured as the post-challenge levels divided by baseline levels.

Abbreviations: DDAVP, desmopressin; FVIII:C, low-molecular-weight component of factor VIII; VWD, von Willebrand disease; VWF:Ag, von
Willebrand factor:antigen; VWF:RCo, von Willebrand factor:ristocetin cofactor.
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follow their responsiveness longitudinally over the life span and to
investigate whether BAT scores and risk of surgical bleeding when
treated with DDAVP are also dynamically affected over the life span
of women with VWD.

In this exploratory study, our findings allude to a potential rela-
tionship between responsiveness to DDAVP in females with type 1
VWD around the peripubertal years. This trend is reminiscent of the
well-established relationship between serum estrogen levels and
coaguability.?? Future studies should study this question prospec-
tively and assess whether there is clinical utility in repeating desmo-
pressin responsiveness testing in female patients with type 1 VWD

as they enter childbearing years and as they approach menopause.
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