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Introduction: The Baxject® II Hi-Flow device has previously been used to reconstitute the 
factor VIII products antihemophilic factor (recombinant) (ADVATE®) and rurioctocog alfa 
pegol (ADYNOVATE®).
Methods: In this crossover study in healthy men, the convenience of an advanced device, 
Baxject III® with and without a nonslip sleeve, was compared with that of Baxject II Hi- 
Flow. The primary endpoint was the operational time for reconstitution; secondary endpoints 
included participants’ assessment of the usability of the devices for reconstitution and their 
preference for using each of the devices.
Results: Twelve healthy adult men (mean ± standard deviation [SD] age: 36.7 ± 7.0 years) 
and 12 healthy elderly men (mean ± SD age: 70.3 ± 4.8 years) participated in the study. In 
the adult group, the mean operational time for reconstitution was shorter using Baxject III 
(mean ± SD: 19.7 ± 2.7 and 19.9 ± 5.2 seconds with and without a nonslip sleeve, 
respectively) than when using Baxject II Hi-Flow (49.6 ± 7.2 seconds, P < 0.0001 for both 
comparisons). Adult participants rated preference (P < 0.0001) and ease of reconstitution 
(P < 0.0001) as higher for Baxject III with a nonslip sleeve than for Baxject II Hi-Flow. 
Results were consistent regardless of age group or the use of the nonslip sleeve.
Conclusion: Owing to the convenience of Baxject III, this device will improve the 
reconstitution process for patients with hemophilia treated with rurioctocog alfa pegol or 
antihemophilic factor (recombinant) at home.
Keywords: coagulation factor VIII product, reconstitution device, crossover comparison 
study, hemophilia treatment, usability

Introduction
Primary prophylaxis with recombinant factor VIII (FVIII) prevents bleeding episodes 
in patients with severe hemophilia A,1,2 and is the standard of care in developed 
countries. The consequent reduction in intraarticular hemorrhage should preserve 
articular function and contribute greatly to patients’ quality of life.3,4 Regular repla
cement therapy with FVIII products is routinely performed as home therapy by 
patients or caregivers. Because the in-use stability of FVIII protein is limited in 
solution, FVIII products are provided in lyophilized powder form for long-term 
storage and require reconstitution in sterile water for intravenous injection, which 
can involve multiple steps to mix powder and water from separate vials. Survey 

Correspondence: Hitoshi Ueda  
Head of Rare Disease Medical 
Engagement, Japan Medical Office, 
Takeda Pharmaceutical Company 
Limited, 1-1, Nihonbashi-Honcho 
2-chome, Chou-ku, Tokyo 103-8668, 
Japan  
Tel +81 3-6837-6222  
Fax +81 3-6204-3801  
Email hitoshi.ueda@takeda.com

submit your manuscript | www.dovepress.com International Journal of General Medicine 2020:13 1469–1476                                           1469

http://doi.org/10.2147/IJGM.S272251 

DovePress © 2020 Ueda et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

en
er

al
 M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-6061-6219
mailto:hitoshi.ueda@takeda.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


studies indicate that there are a number of treatment-related 
barriers to adherence in patients with hemophilia, including 
the time-consuming nature of treatment5–7 and difficulties 
with self-treatment at home.5 Inadequate treatment of 
hemophilia leads to worse outcomes, including spontaneous 
bleeding, which can contribute to the development of 
arthropathy.8 Reconstitution devices that have advantages 
of ease of use and speed of reconstitution are more likely to 
be used by patients with hemophilia9–11 and could poten
tially increase patient adherence to FVIII therapy as well as 
reducing treatment-associated burden.

Since 2007, Shire Japan KK (a Takeda company, Tokyo, 
Japan) has been supplying advanced reconstitution devices for 
antihemophilic factor (recombinant) (ADVATE®; Baxalta 
Incorporated, a Takeda company, 1200 Lakeside Drive, 
Bannockburn, IL 60015, USA)12 and rurioctocog alfa pegol 
(ADYNOVATE®; Baxalta Incorporated, a Takeda company, 
1200 Lakeside Drive, Bannockburn, IL 60015, USA);13 initi
ally Baxject® II and, since 2010, Baxject® II Hi-Flow. Baxject 
III® (Baxalta Incorporated, a Takeda company, 1200 Lakeside 
Drive, Bannockburn, IL 60015, USA) consists of an all-in-one 
closed system in which the vial containing the lyophilized 
powder preparation and a vial containing the water for injec
tion are attached to opposite sides of the device’s main unit and 
forms part of the reconstitution kits for rurioctocog alfa pegol 
and antihemophilic factor (recombinant).

This article describes the results of a study conducted 
in healthy participants to compare Baxject III with Baxject 
II Hi-Flow with respect to the convenience of FVIII treat
ment preparation. The study focused on the FVIII recon
stitution process alone, without the administration of the 
injection.

Methods
This study was conducted at the Osaka Clinical Research 
Hospital (Osaka, Japan). Ethics committee approval was 
obtained by the Institutional Review Board of the Medical 
Corporation Heishinkai, OPHAC Hospital (no. 1022; 
Osaka, Japan). All participants provided written consent.

Healthy male participants were informed about 
hemophilia and the importance of the reconstitution pro
cess for home therapy. Participants aged 20–64 years 
(adult group) and ≥65 years (elderly group) received 
instruction on how to use the Baxject II Hi-Flow and 
Baxject III reconstitution devices. These devices have 
been developed to simplify reconstitution, shorten the 
preparation time, and improve adherence to the therapy 
(Figures 1 and 2). Each participant practiced the recon
stitution operation twice with each device to become 
familiar with the reconstitution process. To address the 
potential bias that could result from further learning 
during the study, the investigation was designed as 

Figure 1 Reconstitution devices. (A) Baxject II Hi-Flow, designed with an improved filter for smooth filtration and color-coded to make it more intuitive for the patient. (B) 
Baxject III, an all-in-one kit including product and injection solvent vials.
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a crossover study involving three arms: arm A used 
Baxject II Hi-Flow, arm B used Baxject III fitted with 
a nonslip sleeve, and arm C used Baxject III without the 
nonslip sleeve. Each participant performed the reconsti
tution process for arms A, B, and C three times, but the 
sequences of the reconstitution manipulation were per
formed in a crossover manner to avoid the additional 
learning effect of repeated device manipulation.

The primary endpoint was the time taken to perform the 
reconstitution operation (average of three sessions), from 
opening the reconstitution kit to completing reconstitution 
ready for transfer to the syringe. As a secondary endpoint, 
each participant was asked to rate the ease of the reconstitution 
operation on a scale ranging from 1 to 10 (difficult to easy) and 
ranked the three reconstitution processes in order of prefer
ence. In addition, any problems or adverse events experienced 
by the participants were recorded and evaluated for a causal 
relationship. If a problem occurred during the reconstitution 
process, the procedure was considered complete at the time the 
adverse event was reported by the participant.

Participants were excluded from this study if they had 
dysfunction, injury, or neuropathy of the fingers, hands, or 
arms; had visual disorders (excluding presbyopia) that 

could possibly affect their ability to perform the reconsti
tution operation; or if they had an illness such as dementia 
that could possibly affect consent acquisition or manipula
tion of the reconstitution device.

The data collected were analyzed by InCROM CRO Inc. 
(Osaka, Japan) using the Windows version of SAS® (release 
9.4, SAS). The time taken for the reconstitution process (ie, 
the primary endpoint) and the participants’ assessment of the 
ease of the reconstitution operation were subjected to analy
sis of variance with a mixed-effect model. Interarm paired 
comparisons between arm A and arm B and between arm 
A and arm C employed multiple comparison by Dunnett’s 
method (a multiple comparison procedure used to compare 
each of a number of treatments with a single control). The 
comparison between arm B and arm C was not performed. 
Participant preference was subjected to the Friedman test (a 
nonparametric test used to detect differences in treatments 
across multiple test attempts) and Dunnett’s test.

Results
Participants
All 24 enrolled participants completed the study without 
protocol deviation and no data were excluded from the 

Figure 2 Use of Baxject II Hi-Flow and Baxject III reconstitution devices. (A) Baxject II Hi-Flow and the vials containing water for injection and the drug. (B) Reconstitution 
with Baxject II Hi-Flow: the blister pack is unsealed, and the device is connected to the vial containing water for injection and then to the vial containing the drug. (C) Baxject 
III reconstitution device. (D) Baxject III fitted with a nonslip sleeve; the nonslip rubber is attached to the bottom of the main plastic unit of Baxject III. (E) Reconstitution 
operation with Baxject III fitted with a nonslip sleeve.
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analysis. Mean ± standard deviation (SD) age in the adult 
group was 36.7 ± 7.0 years (n = 12; range: 24–46 years) 
and 70.3 ± 4.8 years in the elderly group (n = 12; range: 
65–79 years).

Reconstitution Process Time (Primary 
Endpoint)
For the adult group, the mean ± SD time taken to complete the 
reconstitution operation was 49.6 ± 7.2 seconds with Baxject 
II Hi-Flow (arm A), 19.7 ± 2.7 seconds with Baxject III fitted 
with a nonslip sleeve (arm B), and 19.9 ± 5.2 seconds with 
Baxject III without the nonslip sleeve (arm C; Figure 3A). The 
reconstitution process using Baxject III was significantly 
shorter than for Baxject II Hi-Flow, with (P < 0.0001) or 
without (P < 0.0001) the nonslip sleeve. In the elderly group, 
the mean ± SD time taken for the reconstitution operation was 
65.1 ± 10.6 seconds in arm A, 24.3 ± 3.8 seconds in arm B, and 
22.5 ± 4.0 seconds in arm C (Figure 3B). As with the adult 
group, the time for reconstitution using Baxject III was sig
nificantly reduced in the elderly group, with (P < 0.0001) or 
without (P < 0.0001) the sleeve, compared with Baxject II Hi- 
Flow.

Ease of Reconstitution
The ease of reconstitution (1 to 10 scale) in the adult group 
was rated (mean ± SD) as 4.5 ± 1.4 for Baxject II Hi-Flow 
(arm A), 9.2 ± 0.7 for Baxject III fitted with a nonslip 
sleeve (arm B), and 7.6 ± 1.5 for Baxject III without the 
nonslip sleeve (arm C; Figure 4A). Reconstitution using 
Baxject III proved to be significantly easier than with 
Baxject II Hi-Flow, both with (P < 0.0001) and without 
(P = 0.0002) the sleeve. Similarly, the elderly group rated 
the ease of reconstitution as 5.3 ± 2.0 in arm A, 8.9 ± 1.5 
in arm B, and 8.6 ± 1.0 in arm C (Figure 4B), with 
significant differences between Baxject III with or without 
the sleeve and Baxject II Hi-Flow (P < 0.0001).

Device Preference
Among the three reconstitution options, Baxject III with the 
nonslip sleeve (arm B) was preferred, with nine of 12 parti
cipants in the adult group and 10 of 12 in the elderly group 
ranking it first. Baxject III without the sleeve (arm C) was 
ranked first by the remaining participants (three of 12 in the 
adult group, two of 12 in the elderly group), and none of the 
participants in either group preferred Baxject II Hi-Flow 
(arm A). Preference differences among the reconstitution 
devices were significant in both the adult and elderly groups 

(P = 0.0002 and P < 0.0001, respectively; Table 1). Paired 
comparisons between arm A and arm B and between 
arm A and arm C revealed significant differences in both 
the adult group (P < 0.0001 and P = 0.0152, respectively) and 
the elderly group (P < 0.0001 and P = 0.0082, respectively; 
Table 2).

Problems or Adverse Events
No problems or adverse events were reported during this 
study.

Discussion
In people with hemophilia A, a deficiency of clotting 
FVIII activity causes insufficient hemostasis, resulting in 
an increased risk of bleeding. The severity of the disorder 
is defined in terms of residual plasma FVIII levels com
pared with levels in healthy individuals, and is diagnosed 
as severe, moderate, or mild (<1%, 1–5%, and >5% FVIII 
levels, respectively).14 With FVIII replacement therapy, 
hemophilia A can be managed by raising the patient’s 
plasma FVIII activity levels to achieve hemostasis.

FVIII replacement therapy is often performed at home 
by the patient or caregiver either as on-demand treatment 
or as prophylaxis. For on-demand treatment, immediate 
FVIII injection is important to stop a bleeding event. 
Prophylactic treatment involves the administration of fac
tor according to a prescribed schedule.8 For both treatment 
paradigms, the preparation procedure of the injectable 
solution should be as simple and short as possible. 
Because FVIII treatments are provided as lyophilized 
powder preparations, the ease of reconstituting this powder 
into an injectable solution is of particular importance.

FVIII treatment preparation originally required two vials, 
a double-ended needle, and a syringe. After the rubber seals 
of each vial had been disinfected, they were attached to each 
end of the transfer device to mix the water with the powder. 
The reconstituted preparation was then withdrawn into 
a syringe for infusion. The inconvenience of this process 
could contribute to non-adherence. To improve convenience 
and lower the risk of needlestick injuries, several companies 
have developed needleless reconstitution kits.10,11,15,16 An 
early version of this system was Baxject, which consisted 
of a double-ended plastic spike and built-in filter surrounded 
by a plastic barrier.17 This device allowed the vial containing 
the diluent and the vial containing the powder to be attached 
securely together for reconstitution.17 Further development 
led to Baxject II Hi-Flow, which had an improved filter for 
smooth filtration and was color-coded to make it more 
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intuitive for the patient. Baxject III, an all-in-one kit includ
ing product and injection solvent vials, reduces the number of 
steps in the treatment process by two compared with Baxject 
II Hi Flow15 (Figures 1 and 2). In addition, Baxject III has the 
benefit of being a closed fluid system, reducing the risk of 
contamination, and does not require the disinfection step that 
is part of the manual reconstitution process for Baxject II Hi- 
Flow. Baxject III can be used with or without a sleeve 
designed to stabilize the device and prevent slipping during 
reconstitution.

This study evaluated the convenience of the reconstitu
tion device Baxject III in comparison with the Baxject II Hi- 
Flow device. The primary outcome measure was the time to 
complete the reconstitution process, and participants also 
rated the ease of the reconstitution process and ranked the 
order of preference for the three processes. For the adult 
group (<65 years of age), FVIII reconstitution using 
Baxject III proved to be considerably quicker (~20 seconds), 
with or without the nonslip sleeve, compared with the 
Baxject II Hi-Flow device (~50 seconds). In comparison, 
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Figure 3 Box-and-whisker plot showing the mean ± standard deviation time taken for the reconstitution operation (primary endpoint) using Baxject II Hi-Flow (arm A), 
Baxject III fitted with a nonslip sleeve (arm B), or Baxject III not fitted with the nonslip sleeve (arm C). (A) Adult group (aged 20–64 years). (B) Elderly group (aged ≥65 
years). The means are shown with diamonds, the outliers with circles beyond the whiskers.
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although the elderly group (≥65 years of age) took slightly 
longer to complete the reconstitution process using either 
device, the improvement using Baxject III (24 seconds and 
23 seconds with and without the sleeve, respectively) com
pared with Baxject II Hi-Flow (65 seconds) was even more 
marked. These results suggest that in elderly individuals and 
adults aged <65 years, FVIII reconstitution should be quicker 
with Baxject III than with Baxject II Hi-Flow.

The time taken for the Baxject III reconstitution pro
cess differed little with or without the nonslip sleeve for 

both age groups. This suggests that the time needed to 
mount the device in the sleeve does not significantly 
increase the time to complete the reconstitution process. 
Both the adult and elderly groups assessed Baxject III 
with the nonslip sleeve as the easiest to manipulate, 
followed closely by Baxject III without the sleeve. 
Baxject II Hi-Flow was considered the device most diffi
cult to manipulate by both the adult and elderly groups. 
These findings were reflected in the preference of the 
majority of participants for Baxject III with the nonslip 
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Figure 4 Box-and-whisker plot showing the mean ± standard deviation participant rating of the ease of the reconstitution operation. Each participant rated their impression 
of the use of each reconstitution option on a 10-point scale, ranging from 1 (difficult) to 10 (easy). (A) Adult group (aged 20–64 years). (B) Elderly group (aged ≥65 years). 
The means are shown with diamonds.
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sleeve. None of the participants expressed a preference 
for Baxject II Hi-Flow.

A limitation of this study was that participants were 
healthy and may have had a higher level of dexterity than 
patients with hemophilia. Joint damage, including elbow 
arthropathy, is a complication in patients with 
hemophilia8,18 and would reduce the ability to prepare and 
administer the injectable solution. However, parents or care
givers help young children and physically impaired patients 
with FVIII preparation. A reconstitution device that is con
venient and quick to use can potentially increase adherence 
in patients who are able to prepare the treatment themselves 
as well as help busy parents and caregivers improve adher
ence for those they support. A strength of the study was the 
crossover design, in which participants acted as their own 
controls, thus removing inter-participant variation.

In conclusion, the new reconstitution device Baxject III 
allowed faster treatment preparation and was preferred by the 
study participants over the Baxject II Hi-Flow device. 
Currently, reconstitution using Baxject II Hi-Flow contributes 
to the safe and convenient reconstitution of antihemophilic 
factor (recombinant) and rurioctocog alfa pegol as on-demand 
or prophylactic treatment in patients with hemophilia A. This 
study suggests that Baxject III could further improve the 

convenience of administering these products at home; it may 
reduce the burden of preparing the injection and improve 
adherence to home therapy, and therefore is likely to have 
a positive impact on clinical outcomes.

Abbreviations
FVIII, factor VIII; SD, standard deviation.
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Table 1 Participants’ Preferences (Ranking of the Reconstitution Devices)

Age Group (Years) Arm Reconstitution Device Participant’s Preference/Rank, n (%) Pa

1st 2nd 3rd

Adult (20–64) A Baxject II Hi-Flow 0 1 (8.3) 11 (91.7) 0.0002
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Note: aP values were determined using the Friedman test.
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Paired Comparison Between 
Treatment Arms

Pa

Adult (20–64) A vs B <0.0001
A vs C 0.0152

Elderly (≥65) A vs B <0.0001
A vs C 0.0082
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Baxject III without nonslip sleeve. aP values were determined using the Dunnett 
test.
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