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ABSTRACT
Background: This study compared preference ratings of women with infertility and nurses before and
after simulated injection, and handling errors, with the GONAL-f®, Bemfola®, Ovaleap® and Rekovelle®
pen injectors.
Research design and methods: Injector-naïve women and injector-experienced fertility nurses tested
injectors with masked labels in a randomized testing order. Injections were made into a foam pad and
injectors were rated before and after use. Handling errors were recorded during the study. Ratings and
errors were compared between pen injectors using ordinal or Poisson linear mixed models adjusted for
testing order.
Results: 120 women and 60 nurses participated. All participants tested GONAL-f and Bemfola injectors.
Because of their similarity, participants tested either Rekovelle (71 women; 30 nurses) or Ovaleap (49
women; 30 nurses) injectors. The ratings from women were higher for GONAL-f vs other injectors after
simulated use (p < 0.001 for all comparisons). Fertility nurses rated GONAL-f injector higher than other
injectors both before and after use (p < 0.01 for all comparisons). Adjusted rates of total handling errors
were lower with the GONAL-f vs other injectors (p < 0.001 for all comparisons) for both groups.
Conclusions: GONAL-f injector was rated significantly higher than other injectors, which may be related
to less handling errors observed with the GONAL-f injector.
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1. Introduction

An essential part of controlled ovarian stimulation (COS) is admin-
istration of gonadotropins such as recombinant human follicle-
stimulating hormone (r-hFSH). Women undergoing COS as part of
assisted reproductive technology (ART) treatment are generally
required to self-inject gonadotropins using an injection device.
Pen injectors are commonly used for delivery of gonadotropins in
ART treatment; however, self-injection and fear of potential errors
are often causes of anxiety and emotional distress andmight even
cause treatment discontinuation [1,2]. Furthermore, handling
errors (such as wrong dose injected) can lead to over- or under-
medication, which may result in adverse events or delays in treat-
ment. Therefore, it is important that treatment delivery method is
patient-friendly and safe/easy to use.

There are a lot of factors that contribute to the safety of
treatment delivery that need to be considered when selecting
or using an injection device (i.e. accuracy, ease of use, handling
errors, preference, etc.). Currently available r-hFSH pen injectors
are not identical and there are functional differences between
them. For example, the GONAL-f® (Merck KGaA, Germany) pen

injector is multi-use, whereas the Bemfola® (Gedeon Richter PLC,
Hungary) pen is a single-use disposable device. Ovaleap®
(Theramex, UK) is a reusable pen injector with cartridge. The
Rekovelle® (Ferring Pharmaceuticals Ltd, UK) pen injector tested
in this study was also reusable and contained a cartridge (a new
multi-dose Rekovelle pen injector has since been released in
some markets; however, it was not available at the time of
testing). In addition, the injection button for the GONAL-f and
Bemfola injectors is on the top of the pen and the same button is
also used to set the dose, while for the Rekovelle and Ovaleap
pens the injection button is on the side with a separate dose-
setting knob on the top of the device.

The first GONAL-f pen injector was approved in Europe in
2011 and since then it has been redesigned based on feedback
from human factors engineering evaluations to improve robust-
ness, handling, and readability [3]. The redesigned GONAL-f pen
injector was evaluated by women with recent or current inferti-
lity requiring ART or in-vitro fertilization (IVF) and fertility nurses,
and the device was considered easy to use [4,5,6]. Furthermore,
an estimated 16,525,975 treatment cycles have been conducted
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since GONAL-f r-hFSH first gained marketing authorization for
the stimulation of multifollicular development in patients under-
going medically assisted reproduction. Assuming a conservative
live-birth rate estimate of around 20% per cycle, this represents
3.3 million babies born with the support of GONAL-f [4,7].

Previous studies comparing pen injectors (including
GONAL-f, Bemfola and Puregon® [Merck Sharp & Dohme Ltd,
UK]), assessed patient preferences using a questionnaire-based
evaluation and reported that the Bemfola pen injector
received the highest rating [8,9]. A questionnaire-based
study is a widely used assessment method for patient-
centered evaluation of devices and can be based either on
patient recall of previous handling experience or on the actual
use of the device during the study [10].

Patient preference is of growing importance for fertility
treatment owing to the emphasis on patient-centered care
and treatment individualization [11,12,13,14,15,16]. Studies
evaluating which aspects of pen injectors are most important
to patients, and also how patients approach processes related
to the use of pen injectors, are of interest and should employ
the most optimal methods to compare different devices from
the patient perspective. The opportunity to handle pen injec-
tors during the study, as well as evaluation of errors that occur
during the handling, should be an integral part of any study
evaluating and comparing different pen injectors.

No comparative evaluations including the Rekovelle and
Ovaleap pen injectors have been published to our knowledge.
This study compared handling errors and preference ratings
before and after use of the GONAL-f, Ovaleap, Bemfola, and
Rekovelle pen injectors tested by women with infertility and
fertility nurses in Germany, Poland, and the UK. Such evalua-
tion of preferences and assessment of potential errors should
aid in selecting the optimal pen injector for administration of
r-hFSH.

2. Materials and methods

2.1. Study design

This was a simulated-use study conducted in Germany,
Poland, and the UK between November 2017 and
February 2018. Three research companies were involved in
conducting this study: Leyhausen (Leverkusen, Germany),
Medicys (Sittingbourne, UK) and Inquiry Market Research
(Warsaw, Poland). The survey and testing of the pen injectors
took place over 2 days in a central location in each country:
28–29 November 2017 in Frankfurt (Germany), 6–7
February 2018 in London (UK) and 15–16 February 2018 in
Warsaw (Poland). The whole process of the study, including
the research companies in each country, was supervised by
a fourth independent market research company, Ifop (France).
The moderators of the study were independent market
researchers from the research companies. The sponsoring
company was not involved in the moderation.

Testing was performed in specially equipped market
research facilities in each country. The protocol was approved
internally by the sponsors before the study started.
Institutional Review Board or Independent Ethics Committee
approval was not required because this was a nonclinical,

simulated-use study, with all injections performed into injec-
tion pads. The participants were not aware of the company
sponsoring the study, or of the drugs with which the fertility
pen injectors were intended for use. The study was supervised
by a qualified nurse (different to the nurses participating in
the study) to ensure that all the procedures were carried out
safely. Prior to the testing of the pen injectors, all participants
signed a consent form to take part in the study.

2.2. Study population

Overall, 120 women with infertility and 60 fertility nurses were
recruited: 40 women and 20 nurses per country. Women with
infertility and fertility nurses were recruited separately: women
were recruited through consumer panels and also by snowball
sampling and nurses were recruited through specialized
health-care professional panels. There was no interaction
between women with infertility and fertility nurses during
the study and both groups were interviewed separately.
Women with infertility were eligible if they intended to
undergo ovarian stimulation and had no previous experience
of pen injectors, whether for fertility or for other disorders.
Nurses were eligible if they had at least 1 year of experience in
training women with infertility on pen injectors for fertility
treatments.

2.3. Materials

Participants received pen injectors with masked labels in
a random order to limit selection bias and prevent accidental
bias. Brand names were also blinded on the instruction for use
(IFU) of the corresponding pen injectors; however, other visual
differences could not be masked. All of the participants
received the GONAL-f and Bemfola pen injectors; however,
as the Rekovelle and Ovaleap pen injectors were similar in
their appearance and handling, a 50:50 allocation was planned
so that half of the participants evaluated the Rekovelle pen
injector and the other half evaluated the Ovaleap pen injector.

2.4. Testing procedure

Upon receiving the pen injector, participants first evaluated
the device without testing it and completed a close-ended
questionnaire with ratings from 1 to 10 (Likert 10-point scale)
regarding initial impressions of the pen injector (Questionnaire
1, Supplementary Appendix 1 and 2). Participants were then
instructed to test the pen injectors by preparing them for use
and performing a single injection into a foam pad following
the IFU. The moderator was only allowed to give instructions if
the participant had made mistakes that made continuing the
test impossible. The use steps (based on the respective IFUs)
conducted by the participants during the testing of the pen
injectors were: Step 1 – Preparing the pen injector for use,
Step 2 – Inserting/changing the cartridge (only for the
Rekovelle and Ovaleap pen injectors), Step 3 – Attaching the
needle, Step 4 – Priming, Step 5 – Setting the dose, Step 6 –
Giving the injection, and Step 7 – Removing the needle after
the injection.
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The doses the participants were asked to inject were 62.5
IU for the GONAL-f, Bemfola and Ovaleap pen injectors and
9.66 μg for the Rekovelle pen injector. The difference between
doses with the Rekovelle injector versus the other pen injec-
tors were due to different dial settings: graduations on the
Rekovelle injector were expressed in µg, whereas for the other
three pen injectors graduations were expressed in IU.

During the testing of the pen injector, participants verbally
commented on their actions and reported any issues they were
encountering. They were given approximately 45min to test and
compare three pen injectors (~10 min per pen injector and ~10
min for comparison). The moderator made a detailed note of the
entire process on an observation sheet and recorded any hand-
ling errors that participants made. After testing the pen injector,
participants completed a close-ended questionnaire with ratings
from 1 to 10 regarding impressions of the pen injector after the
testing (Questionnaire 2, Supplementary Appendix 1 and 2).

For the women with infertility, the pre-test questionnaire con-
sisted of nine questions and the post-test questionnaire consisted
of ten questions, of which seven were the same for both ques-
tionnaires (‘Overall impression/evaluation,’ ‘Ease to prepare the
device for injection,’ ‘Ease to select the right dosage,’
‘Confidence of delivering the correct dose,’ ‘Ease to perform the
actual injection,’ ‘Confidence that the user can inject without
injury,’ ‘Is a device I would like to use’). Two questions were only
asked before testing (‘Overall appearance’ and ‘Intuitiveness of
overall use’) and two questions were only asked after testing (‘Ease
to prime the pen, i.e. to chase air bubbles’ and ‘Ease to correct the
dosage in case of need’; Supplementary Appendix 1). For one
question (‘Easy to learn to use’) asked only after the testing, no
data were collected; therefore, this question was not included in
the analysis. For nurses, the questions were the same as for the
women with infertility, except two additional questions (‘Seems
easy to teach to patients’ and ‘Is a device I would recommend to
patients’) that were asked both before and after testing. Once
participants had tested three pen injectors they were asked to
rank their preferred pen injector (first, second or third choice) for
the following questions: ‘Overall handling,’ ‘Overall feeling on safe
handling,’ ‘Dosage selection and correction,’ ‘Performing the injec-
tion’ and ‘Overall preference’ (Questionnaire 3, Supplementary
Appendix 1 and 2). A three-point ordinal scale for first, second,
and last choice was used and the rank score was constructed (1 for
third choice, 2 for second choice, and 3 for first choice).

2.5. Assessments

According to the protocol, moderators noted at which use step(s)
each individual participant made an error. Categorization of the
handling errors (performed retrospectively; not part of study pro-
tocol) was based on the internal Merck risk management reports
(Human Factors Risk Management Report for Fertility Family of
Pens and Assessment of Harms and Severity Ratings for Fertility
Family of Pens). For the purpose of the post-hoc statistical analysis,
errors were categorized according to their severity (ranging from
Type-1 [inconvenience] to Type-10 [death] [17]) and also analyzed
per use step (Step 1–Step 7). Severity rating and the corresponding
harm description of the different types of errors are presented in
Table 1.

2.6. Statistical methods

All statistical analyses were post-hoc since no statistical plan
was predefined prior to conducting the study. Statistical ana-
lyses were conducted using R version 3.5.1 and were run
separately for women with infertility and fertility nurses. To
compare the preference ratings before (Questionnaire 1) and
after (Questionnaire 2) the testing of the pen injector within
each participant group, a Cumulative-Link Mixed Model
(CLMM) was applied (‘clmm’ function from R package ‘ordinal’
version 2018.8–25). Model specification was as follows: ran-
dom effect was individual nested within pen testing sequence
(i.e. which pen injector was tested first, second or third for
each individual) and an unstructured correlation matrix was
used for the repeated measurements within individuals; fixed
effects terms included the randomized block (i.e. testing order
of pens to which different individuals were assigned), pen,
time (as a class effect: before vs after testing) and time-by-
pen interaction. Testing order was considered as a fixed effect
as all possible order combinations of pens were included in
the study design (e.g. GONAL-f, Bemfola, Rekovelle; GONAL-f,
Bemfola, Ovaleap; etc.). The model was run using a logit link
function, flexible thresholds, and the Laplace approximation.
Estimated marginal mean scores and associated 95% confi-
dence intervals (CIs) were calculated from the CLMM model
using the ‘emmeans’ function from the R package ‘emmeans’
version 1.2.4. To analyze the rank scores after testing
(Questionnaire 3, 3-point ordinal scale for first, second and
third choice) the same CLMM model specification as above
was applied, except that fixed effects included only rando-
mized block and pen.

Table 1. Severity ratings and harm description for the handling errors [17].

Error Rating Severity Description

Type-1 1 Inconvenience Potential source of discomfort during
the use of the device (e.g. pain or
additional use step). The use is still
possible and the treatment is
performed

Type-2 2 Delay Potential missed treatment (temporary
missed injection(s)) during the use of
the device, where the woman is not
put at risk (resolved by 3rd party or
resolved by the patient him/herself)

Type-4 4 Minor Injury Incident requiring self-medication or
medical surveillance (not resolved by
the woman herself)

Type-6 6 Serious Injury Incident leading to a serious
deterioration in the state of health
such as:

● A condition necessitating medical or
surgical intervention to prevent
a permanent impairment of a body
function or permanent damage to
a body structure

● Permanent impairment of a body
function or permanent damage to
a body structure

Type-8 8 Major Injury Incident leading to a serious
deterioration in the state of health
such as:

● Life-threatening illness or injury even if
temporary in nature

Type-10 10 Death Incident leading directly to death
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To evaluate handling errors with each pen injector,
a Poisson Generalized Linear Mixed Effects Model (GLMM)
was applied (‘glmmTMB’ function from the R package
‘glmmTMB’ version 0.2.2.0). Model specification was as
described previously. Fixed effects terms were randomized
block and pen. Adjusted error incidence rates, incidence rate
differences (IRDs, GONAL-f vs other pens) and associated 95%
CIs were calculated from the GLMM using the ‘emmeans’
function from the R package ‘emmeans’ version 1.2.4.
Comparisons were reported as IRDs rather than incidence
rate ratios if there were zero errors in at least one comparator
arm. In the event that mixed-models failed to converge, back-
up unadjusted analyses were computed: descriptive medians
and Wilcoxon Signed-Rank tests for GONAL-f versus other pen
comparisons were planned for questionnaire measures; error
incidence rates and exact 95% CIs assuming a Poisson distri-
bution (‘pois.exact’ function from R package ‘epitools’ version
0.5–10), IRDs, 95% CIs, and p-values for the differences vs
GONAL-f using the normal approximation to the Poisson dis-
tribution (‘ratedifference’ function from R package fmsb ver-
sion 0.6.3) were planned for the handling error measures. All
analyses were exploratory meaning that reported p-values
were nominal and unadjusted for multiple comparisons.

3. Results

3.1. Women with infertility

From the 120 women enrolled in the study, all of them tested
the GONAL-f and Bemfola pen injectors, 71 tested the
Rekovelle pen injector and 49 tested the Ovaleap pen injector.
While 50:50 allocation split was achieved in Poland, it was not
achieved in Germany and the UK due to an allocation error (26
women with infertility tested the Rekovelle and 14 tested the
Ovaleap pen injectors in Germany and 25 women with inferti-
lity tested the Rekovelle and 15 the Ovaleap pen injectors in
the UK). The majority (92/120, 77%) of women participating in
this study were 31–45 years old.

3.1.1. Preference ratings
Before testing, mean ratings for the ‘Overall impression’ from
women with infertility were similar between the pen injectors

(adjusted mean [95% CI] ratings were 7.00 [6.61, 7.39] for the
GONAL-f pen injector, 6.80 [6.39, 7.21] for the Bemfola pen
injector; 7.24 [6.72, 7.76] for the Rekovelle pen injector and
6.79 [6.13, 7.45] for the Ovaleap pen injector; p > 0.05 for all
comparisons vs GONAL-f; Figure 1, Supplementary Table 1).
After testing, the GONAL-f pen injector received significantly
higher ratings for overall impression compared with the other
three pen injectors (adjusted mean [95% CI] ratings were 7.85
[7.51, 8.20] for the GONAL-f pen injector; 6.14 [5.68, 6.60] for
the Bemfola pen injector, 5.44 [4.76, 6.11] for the Rekovelle
pen injector and 4.06 [3.23, 4.89] for the Ovaleap pen injector;
p < 0.001 for all comparisons vs GONAL-f; Figure 1,
Supplementary Table 1).

For the questions asked before the testing only (‘Overall
appearance’ and ‘Intuitiveness of the overall use’), the ratings
were similar across all the pen injectors (Supplementary Table 1).
For the questions asked after the testing only (‘Ease to prime the
pen, i.e. chase air bubbles’ and ‘Ease to correct the dosage in case
of need’), the GONAL-f pen injector received significantly higher
ratings compared with the other pen injectors (adjusted mean
[95%CI] ratings for the question ‘Ease to prime the pen, i.e. chase
air bubbles’ were 7.78 [7.37, 8.19] for the GONAL-f pen injector,
6.90 [6.42, 7.38] for the Bemfola pen injector, 6.51 [5.84, 7.18] for
the Rekovelle pen injector and 3.87 [3.05, 4.69] for the Ovaleap
pen injector; p < 0.01 for all comparisons vs GONAL-f; adjusted
mean [95% CI] ratings for the question ‘Ease to correct the
dosage in case of need’ were 8.28 [7.75, 8.81] for the GONAL-f
pen injector, 4.67 [3.85, 5.49] for the Bemfola pen injector, 4.92
[3.85, 5.98] for the Rekovelle pen injector and 5.71 [4.57, 6.85] for
the Ovaleap pen injector; p < 0.001 for all comparisons vs
GONAL-f; Supplementary Table 1).

After the testing of the pen injectors, the GONAL-f pen was
ranked as the first choice by the highest proportion of women
with infertility for all questions (Figure 2). For the overall
preference, 78/120 (65%) of women ranked the GONAL-f pen
as the first choice, 32/120 (27%) ranked the Bemfola pen as
the first choice, 8/71 (11%) ranked the Rekovelle pen as the
first choice and 2/49 (4%) ranked the Ovaleap pen as the first
choice. On the basis of the adjusted mean rank score after
testing, the GONAL-f pen injector was ranked significantly
higher than other pen injectors for all questions (p < 0.001

Figure 1. Adjusted mean ratings before and after testing the pen injector – women with infertility.
Data presented are adjusted marginal means derived from a cumulative-link mixed model with logit link function and flexible thresholds. Fixed effects were pen type, time, and testing
order of pens (as covariate) with interaction term of pen-by-time. Random effects were by pen testing sequence within individual participant.
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for the comparisons on the ‘Overall handling,’ ‘Overall feeling
on safe handling,’ ‘Dosage selection and correction,’
‘Performing the injection,’ and ‘The overall preference’ for all
pens vs GONAL-f; Supplementary Table 2).

3.1.2. Handling errors
Rates of total handling errors were significantly lower for the
GONAL-f pen injector compared with the other three pen
injectors (adjusted rate [95% CI] of total handling errors per
woman were 1.02 [0.84, 1.20] for the GONAL-f pen injector,
1.64 [1.41, 1.87] for the Bemfola pen injector, 2.07 [1.68, 2.45]
for the Rekovelle pen injector and 3.16 [2.50, 3.81] for the
Ovaleap pen injector; p < 0.001 for all comparisons vs GONAL-
f; Table 2).

Similar trends were observed after a separate analysis was
conducted for only Type-1 errors (defined as errors causing
inconvenience but not disrupting the treatment) (Table 2). The
most frequent individual Type-1 errors for each pen injector
were: ‘Opening the pen injector’ with the GONAL-f pen injec-
tor (i.e. removing the cap; 56/120, 47%), ‘Unsure whether the
dose has been delivered/unsure about the dose bar

disappearing’ (as per IFU, the dosage knob had to be pushed
slowly until it stopped and the grading on the dosage knob
was not visible anymore) with the Bemfola pen injector (43/
120, 36%), ‘Difficulties with instructions for inserting cartridge’
with the Rekovelle and Ovaleap pen injectors (19/71, 27% and
14/49, 29%, respectively), ‘Difficulties extending plunger’ with
the Rekovelle and Ovaleap pen injectors (24/71, 34% and 14/
49, 29%, respectively) (Supplementary Table 3).

Regarding Type-2 errors (defined as causing delay of the
treatment), only one error was observed which was ‘Needle
too tight’ for a woman using the GONAL-f pen injector
(Supplementary Table 3). There were no Type-2 errors
recorded with the other pen injectors; therefore, a separate
analysis was not conducted for Type-2 errors.

For Type-4 errors (defined as incidents requiring self-
medication or medical surveillance), the rates for the GONAL-
f pen injector were similar to those for the Bemfola pen
injector, but significantly lower than the other two pen injec-
tors (adjusted rates [95% CI] were 0.09 [0.04, 0.14] for the
GONAL-f pen injector, 0.10 [0.05, 0.16] for the Bemfola pen
injector, 0.75 [0.42, 1.08] for the Rekovelle pen injector and

Figure 2. Proportion of women with infertility (%) who ranked the pen injectors as their first, second or third choice.
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1.01 [0.43, 1.60] for the Ovaleap pen injector; p = 0.683 for
Bemfola vs GONAL-f; p < 0.01 for the Rekovelle and Ovaleap vs
GONAL-f; Table 2). The most frequent individual Type-4 hand-
ling errors for each pen injector were: ‘Injecting insufficient
amount of product due to not holding the injection button
down long enough’ with the GONAL-f pen injector (10/120,
8%) and Rekovelle (5/71, 7%) pen injectors, ‘Accidentally trig-
gering the injection too soon and not delivering the dose’
with the Bemfola pen injector (4/120, 3%), ‘Selecting wrong
dose (9 μg or 9.33 μg instead of 9.66 μg) and injecting insuffi-
cient product’ with the Rekovelle pen injector (30/71, 42%),
‘Using the wrong button to trigger the injection and not
delivering the dose’ with the Rekovelle and Ovaleap pen
injectors (15/71, 21%; 16/49, 33%, respectively)
(Supplementary Table 3). No other types of handling errors
were recorded for women with infertility.

In total, 68% (81/120) of women with infertility made at
least one handling error while using the GONAL-f pen injector,
84% (101/120) while using the Bemfola pen injector, 87% (62/
71) while using the Rekovelle pen injector and 100% (49/49)
while using the Ovaleap pen injector (Supplementary Table 4).
The use step for which the most errors were recorded was
‘Giving the injection’ (Table 3). In total, 221 errors were
recorded during this use step: 34 errors were recorded for
the GONAL-f pen injector, 85 errors for the Bemfola pen
injector, 65 for the Rekovelle pen injector and 37 for the
Ovaleap pen injector (Table 3). The rates for handling errors

recorded during the ‘Giving the injection’ use step were sig-
nificantly lower for the GONAL-f pen injector compared with
the other pen injectors (adjusted rates [95% CI] were 0.28
[0.18, 0.37] for the GONAL-f pen injector, 0.70 [0.55, 0.85] for
the Bemfola pen injector, 0.87 [0.61, 1.13] for the Rekovelle
pen injector and 0.79 [0.49, 1.08] for the Ovaleap pen injector;
p < 0.01 for all comparisons vs GONAL-f, Supplementary
Table 5).

‘Priming’ was another use step during which a large num-
ber of errors was recorded (160 errors), especially for the
Bemfola pen injector (69 errors) (Table 3). The rates for errors
recorded during the ‘Priming’ use step were also significantly
lower for the GONAL-f pen injector compared with other pen
injectors (adjusted error rates [95% CI] were 0.19 [0.11, 0.26]
for the GONAL-f pen injector, 0.56 [0.42, 0.69] for the Bemfola
pen injector, 0.38 [0.23, 0.53] for the Rekovelle pen injector
and 0.89 [0.52, 1.25] for the Ovaleap pen injector; p < 0.05 for
all comparisons vs GONAL-f; Supplementary Table 5).

In addition, women with infertility had difficulties
‘Inserting/changing cartridge’ for the Rekovelle pen injector
(45 errors) and the Ovaleap pen injector (54 errors) (Table 3).
This step was not required for the GONAL-f and Bemfola pen
injectors. There was also a large number of errors recorded
with the GONAL-f pen injector while preparing the pen injec-
tor for use (56 errors; Table 3). All of these errors were due to
difficulties removing the cap from the pen injector
(Supplementary Table 3).

Table 2. Handling errors – women with infertility.

GONAL-f (N = 120) Bemfola (N = 120) Rekovelle (N = 71) Ovaleap (N = 49)

Total handling errors (regardless of Type or use step)
Total number of errors 125 200 161 140
Adjusted error rate (95% CI) 1.02 (0.84, 1.20) 1.64 (1.41, 1.87) 2.07 (1.68, 2.45) 3.16 (2.50, 3.81)
IRD vs GONAL-f (95% CI) 0.61 (0.32, 0.90) 1.05 (0.63, 1.46) 2.13 (1.44, 2.83)
p-value vs GONAL-f p < 0.001 p < 0.001 p < 0.001
Type-1 handling errors
Total number of Type-1 errors 113 187 99 98
Adjusted error rate (95% CI) 0.93 (0.75, 1.10) 1.53 (1.31, 1.76) 1.28 (0.99, 1.57) 2.19 (1.67, 2.71)
IRD vs GONAL-f (95% CI) 0.61 (0.33, 0.89) 0.36 (0.03, 0.68) 1.27 (0.71, 1.82)
p-value <0.001 0.034 <0.001
Type-2 handling errors*
Total number of Type-2 errors 1 0 0 0
Type-4 handling errors
Total number of Type-4 errors 11 13 62 42
Adjusted error rate (95% CI) 0.09 (0.04, 0.14) 0.10 (0.05, 0.16) 0.75 (0.42, 1.08) 1.01 (0.43, 1.60)
IRD vs GONAL-f (95% CI) 0.02 (−0.06, 0.09) 0.66 (0.33, 0.99) 0.93 (0.33, 1.52)
p-value 0.683 <0.001 0.002

*Separate analysis was not conducted for Type-2 errors as there was only one Type-2 error reported
Data are adjusted marginal error rates per participant and incidence rate differences for other pen injectors vs GONAL-f derived from a Poisson generalized linear
mixed model. Fixed effects were pen type and testing order of pens (as covariate). Random effects were by sequence of pen testing within individual participant.

IRD, incidence rate difference; CI, confidence interval

Table 3. Handling errors by use step – women with infertility.

GONAL-f (N = 120) Bemfola (N = 120) Rekovelle (N = 71) Ovaleap (N = 49) Total

Number of errors per use step:
Preparing the pen injector for use 56 1 0 0 57
Inserting/changing cartridge N/A N/A 45 54 99
Attaching the needle 9 10 11 0 30
Priming 23 69 31 37 160
Setting the dose 3 35 9 12 59
Giving the injection 34 85 65 37 221
Total 125 200 161 140 626

N/A, not applicable
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3.2. Fertility nurses

Of the 60 nurses enrolled in the study, all of them tested both
the GONAL-f and Bemfola pen injectors. Thirty (50%) nurses
tested the Rekovelle pen injector and 30 (50%) the Ovaleap
pen injector (9 nurses tested Rekovelle in Germany, 10 in
Poland and 11 in the UK; 11 nurses tested Ovaleap in
Germany, 10 in Poland and 9 in the UK). Thirty (50%) nurses
had >10 years of experience as fertility nurses. Fifty-two (87%)
nurses had previous experience training patients on the use of
the GONAL-f pen injector, 26 (43%) on the Bemfola pen injec-
tor, 15 (25%) on the Rekovelle pen injector and 22 (37%) on
the Ovaleap pen injector.

3.2.1. Preference ratings
The GONAL-f pen injector received significantly higher ratings
than the other pen injectors for the ‘Overall impression’ both
before and after the testing of the pen injector (adjusted mean
[95% CI] ratings for the GONAL-f pen injector were 8.44 [8.06,
8.83] before the testing and 9.17 [8.85, 9.49] after the testing;
for the Bemfola: 7.36 [6.85, 7.87] before the testing and 6.86
[6.25, 7.46] after the testing; for the Rekovelle: 7.28 [6.51, 8.05]
before the testing and 6.88 [6.02, 7.74] after the testing and for
the Ovaleap: 6.35 [5.34, 7.36] before the testing and 5.27 [4.07,
6.47] after the testing; p < 0.01 for all comparisons vs GONAL-f
before testing and p < 0.001 for all comparisons vs GONAL-f
after testing; Figure 3, Supplementary Table 6).

The ratings for the statement ‘Is a device I would recom-
mend to patients’ were significantly higher for the GONAL-f
pen injector compared with the other pen injectors both
before and after the testing (adjusted mean [95% CI] ratings
for the GONAL-f pen injector were 9.57 [9.25, 9.89] before the
testing and 9.70 [9.44, 9.96] after the testing; for the Bemfola:
7.61 [6.88, 8.34] before the testing and 6.47 [5.55, 7.39] after
the testing, for the Rekovelle: 7.43 [6.31, 8.54] before the
testing and 6.45 [5.11, 7.80] after the testing and for the
Ovaleap: 5.32 [3.77, 6.87] before the testing and 4.16 [2.59,
5.74] after the testing; p < 0.001 for all comparisons vs GONAL-
f both before and after testing; Supplementary Table 6).

The GONAL-f pen injector received significantly higher rat-
ings for both statements evaluated before the testing only
(‘Overall appearance’ and ‘Intuitiveness of the overall use’)
and after the testing only (‘Ease to prime the pen, i.e. chase
air bubbles’ and ‘Ease to correct the dosage in case of need’),
compared with the other pen injectors (adjusted mean [95%
CI] ratings for ‘Overall appearance’ were 8.13 [7.65, 8.60] for
the GONAL-f pen injector, 7.15 [6.55, 7.74] for the Bemfola pen
injector, 7.19 [6.36, 8.03] for the Rekovelle pen injector and
7.18 [6.31, 8.05] for the Ovaleap pen injector; p < 0.05 for all
comparisons vs GONAL-f; adjusted mean [95% CI] ratings for
‘Intuitiveness of the overall use’ were 8.54 [8.11, 8.97] for the
GONAL-f pen injector, 7.44 [6.86, 8.02] for the Bemfola pen
injector, 6.49 [5.55, 7.43] for the Rekovelle pen injector and
6.13 [5.11, 7.15] for the Ovaleap pen injector; p < 0.01 for all
comparisons vs GONAL-f; adjusted mean [95% CI] ratings for
‘Ease to prime the pen, i.e. chase air bubbles’ were 8.53 [8.01,
9.06] for the GONAL-f pen injector, 7.08 [6.33, 7.83] for the
Bemfola pen injector, 6.66 [5.56, 7.76] for the Rekovelle pen
injector and 4.83 [3.54, 6.13] for the Ovaleap pen injector; p <
0.01 for all comparisons vs GONAL-f; adjusted mean [95% CI]
ratings for ‘Ease to correct the dosage in case of need’ were
9.32 [8.97, 9.67] for the GONAL-f pen injector, 5.64 [4.66, 6.63]
for the Bemfola pen injector, 6.18 [4.87, 7.48] for the Rekovelle
pen injector and 7.40 [6.22, 8.58] for the Ovaleap pen injector;
p < 0.01 for all comparisons vs GONAL-f; Supplementary
Table 6).

In addition, after testing, the GONAL-f pen injector was
ranked as the first choice by the highest proportion of fertility
nurses (72% [43/60 nurses]; Figure 4). Based upon the adjusted
mean rank score, the GONAL-f pen injector was ranked sig-
nificantly higher after the testing than other pen injectors for
all questions (p < 0.01 for all comparisons vs GONAL-f;
Supplementary Table 7)

3.2.2. Handling errors
For nurses, error rates for total handling errors were signifi-
cantly lower for the GONAL-f pen injector compared with the
other pen injectors (adjusted rates [95% CI] of total handling

Figure 3. Adjusted mean ratings before and after testing the pen injector – nurses.
Data presented are adjusted marginal means derived from a cumulative-link mixed model with logit link function and flexible thresholds. Fixed effects were pen type, time, and testing
order of pens (as covariate) with interaction term of pen-by-time. Random effects were by pen testing sequence within individual participant.
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errors per participant were 0.31 [0.16, 0.45] for the GONAL-f
pen injector, 1.30 [1.00, 1.60] for the Bemfola pen injector, 1.19
[0.71, 1.66] for the Rekovelle pen injector and 1.64 [1.06, 2.21]
for the Ovaleap pen injector; p < 0.001 for all comparisons vs
GONAL-f; Table 4).

For Type-1 errors, rates were significantly lower for the
GONAL-f pen injector compared with the Bemfola and
Ovaleap pen injectors (adjusted rates for Type-1 errors [95%
CI] were 0.31 [0.17, 0.46] for the GONAL-f pen injector, 1.30
[0.99, 1.60] for the Bemfola pen injector, 0.61 [0.29, 0.93] for
the Rekovelle pen injector and 1.01 [0.59, 1.42] for the Ovaleap
pen injector; p < 0.01 for the Bemfola and Ovaleap vs GONAL-f
comparisons; Table 4). The most frequent individual Type-1
errors for each pen injector were (Supplementary Table 3):
‘Difficulties removing the cap from the pen injector’ with
GONAL-f (13/60, 22%), being ‘Unsure whether the dose has
been delivered/unsure about dose bar disappearing’ with the
Bemfola pen injector (18/60, 30%), ‘Confused that needle
doesn’t seem to lock’ with the Rekovelle pen injector (4/30,
13%), ‘Difficulties with instructions for inserting the cartridge’

and ‘Difficulties extending plunger’ with the Ovaleap pen
injector (6/30, 20% for both errors).

One nurse made a Type-2 error which was ‘Needle breaks
in the safety cap’ with the Rekovelle pen injector
(Supplementary Table 3). No Type-2 errors were recorded
with the other pen injectors; therefore, the separate analysis
was not conducted for Type-2 errors.

Because the Poisson GLMM for Type-4 errors among nurses
failed to converge, unadjusted error rates and unadjusted IRDs
are provided for Type-4 errors (Table 4). Rates for Type-4 errors
were significantly lower for the GONAL-f pen injector compared
with the Rekovelle and Ovaleap pen injectors, but no significant
difference was found between the GONAL-f and Bemfola pen
injectors (unadjusted rates for Type-4 handling errors [95% CI]
were 0.00 [0.00, 0.06] for the GONAL-f pen injector, 0.02 [0.00,
0.09] for the Bemfola pen injector, 0.53 [0.30, 0.87] for the
Rekovelle pen injector and 0.63 [0.38, 0.99] for the Ovaleap
pen injector; p < 0.001 for Rekovelle and Ovaleap vs GONAL-f;
p = 0.317 for Bemfola vs GONAL-f; Table 4). The most frequent
individual Type-4 handling errors were: ‘Insufficient product

Figure 4. Proportion of nurses (%) who ranked the pen injectors as their first, second or third choice.
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injected because wrong dose selected (9 or 9.33 μg instead of
9.66 μg)’ with the Rekovelle pen injector (6/30, 20%), ‘Dose not
delivered because used wrong button to trigger injection’ with
the Rekovelle (6/30, 20%) and Ovaleap pen injectors (7/30, 23%)
(Supplementary Table 3). No other types of handling errors
were recorded for nurses.

Overall, 27% (16/60) of nurses made at least one handling
error while using the GONAL-f pen injector, 72% (43/60) while
using the Bemfola pen injector, 73% (22/30) while using the
Rekovelle pen injector and 80% (24/30) while using the
Ovaleap pen injector (Supplementary Table 8).

The use step during which the most errors were made was
‘Giving the injection’ (Table 5). Overall, 64 errors were
recorded during this use step: 3 errors were recorded for the
GONAL-f pen injector, 36 for the Bemfola pen injector, 15 for
the Rekovelle pen injector and 10 for the Ovaleap pen injector.
The error rates for handling errors recorded during the ‘Giving
the injection’ use step were significantly lower with the
GONAL-f pen injector compared with the other pen injectors
(adjusted error rates [95% CI] were 0.05 [−0.01, 0.10] for the
GONAL-f pen injector, 0.58 [0.38, 0.78] for the Bemfola pen
injector, 0.39 [0.17, 0.61] for the Rekovelle pen injector and
0.42 [0.10, 0.74] for the Ovaleap pen injector; p < 0.05 for all
comparisons vs GONAL-f; Supplementary Table 9).

A large number of errors were also reported during the
‘Priming’ use step, especially for the Bemfola pen injector (26
errors) (Table 5). The rates for handling errors recorded during
the ‘Priming’ use step were significantly lower with the GONAL-f
pen injector compared with the Bemfola and Ovaleap pen injec-
tors, but no significant difference was found between the
GONAL-f and Rekovelle pen injectors (adjusted error rates [95%
CI] were 0.04 [−0.01, 0.09] for the GONAL-f pen injector, 0.46
[0.28, 0.65] for the Bemfola pen injector, 0.30 [0.02, 0.58] for the
Rekovelle pen injector and 0.36 [0.13, 0.59] for the Ovaleap pen
injector; p < 0.05 for Bemfola and Ovaleap vs GONAL-f; p = 0.073
for Rekovelle vs GONAL-f; Supplementary Table 9). In addition, 13
errors were recorded for the GONAL-f pen injector while
‘Preparing the pen injection for use’ (Table 4). All of these errors
were due to the difficulties removing the cap from the pen
injector (Supplementary Table 3).

4. Discussion

This simulated-use study included a representative sample of
women with infertility and fertility nurses from three European
countries. Among women with infertility, the preference rat-
ings for the different aspects of the pen injectors changed
after the actual handling of the device when compared with

Table 4. Handling errors – nurses.

GONAL-f (N = 60) Bemfola (N = 60) Rekovelle (N = 30) Ovaleap (N = 30)

Total handling errors (regardless of Type or use step)
Total number of errors 18 76 34 49
Adjusted error rate (95% CI) 0.31 (0.16, 0.45) 1.30 (1.00, 1.60) 1.19 (0.71, 1.66) 1.64 (1.06, 2.21)
IRD vs GONAL-f (95% CI) 0.99 (0.66, 1.32) 0.88 (0.39, 1.37) 1.33 (0.74, 1.92)
p-value vs GONAL-f <0.001 <0.001 <0.001
Type-1 handling errors
Total number of Type-1 errors 18 75 17 30
Adjusted error rate (95% CI) 0.31 (0.17, 0.46) 1.30 (0.99, 1.60) 0.61 (0.29, 0.93) 1.01 (0.59, 1.42)
IRD vs GONAL-f (95% CI) 0.99 (0.65, 1.32) 0.30 (−0.05, 0.65) 0.69 (0.25, 1.14)
p-value <0.001 0.096 0.002
Type-2 handling errors*
Total number of Type-2 errors 0 0 1 0
Type-4 handling errors
Total number of Type-4 errors 0 1 16 19
Unadjusted error rate (95% CI)† 0.00 (0.00, 0.06) 0.02 (0.00, 0.09) 0.53 (0.30, 0.87) 0.63 (0.38, 0.99)
IRD vs GONAL-f (95% CI)† 0.02 (−0.02, 0.05) 0.53 (0.27, 0.79) 0.63 (0.35, 0.92)
p-value† 0.317 <0.001 <0.001

*Separate analysis was not conducted for Type-2 errors as the number of errors was too low
†Unadjusted error rate and IRD are presented due to GLMM convergence failure. Unadjusted error rate and 95% CI were calculated assuming a Poisson distribution
using pois.exact function from epitools package in R and unadjusted incidence rate difference, 95% CI and P-value were calculated assuming a normal
approximation to the Poisson distribution using the rate difference function from the fmsb package in R.

Data are adjusted marginal error rates per participant and incidence rate differences for other pen injectors vs GONAL-f derived from a Poisson generalized linear
mixed model (GLMM) unless otherwise stated. Fixed effects were pen type and testing order of pens (as covariate). Random effects were by sequence of pen
testing within individual participant s.

IRD, incidence rate difference; CI, confidence interval

Table 5. Handling errors by use step – nurses.

GONAL-f (N = 60) Bemfola (N = 60) Rekovelle (N = 30) Ovaleap (N = 30) Total

Number of errors per use step:
Preparing the pen injector for use 13 0 0 0 13
Inserting/changing cartridge N/A N/A 6 22 28
Attaching the needle 0 5 5 0 10
Priming 2 26 6 13 47
Setting the dose 0 9 2 4 15
Giving the injection 3 36 15 10 64
Total 18 76 34 49 177

N/A, not applicable
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the initial evaluation prior to handling. Before testing the pen
injectors, there were no differences in mean ratings; however,
after handling, the GONAL-f pen injector received significantly
higher ratings compared with the other three pen injectors. In
addition, the overall impressions for handling and using the
GONAL-f pen injector were higher after the test than before
the test, whereas for the other pen injectors these ratings
were lower or similar after the test when compared to before
the test. Such changes in ratings observed in this study may
be because of difficulties using the devices that were not
anticipated during the initial evaluation.

Among nurses, the preference ratings for the different
aspects of the pen injectors also changed after handling
when compared with an initial evaluation; however, the rat-
ings for the GONAL-f pen injector remained higher than other
pens after handling. The higher ratings observed with the
GONAL-f injector may be because 87% of nurses were already
familiar with the GONAL-f pen injector and had previously
trained patients on its use. The nurse ratings for the GONAL-
f pen injector were significantly higher after using the pen
injector when compared with the ratings before using the pen
injector. Conversely, ratings for the other pen injectors were
lower after handling when compared to before the handling,
including the rating for whether nurses would recommend the
pen injector to their patients. This may be related to the
significantly higher incidence of handling errors observed
with the Bemfola, Rekovelle and Ovaleap pen injectors com-
pared with the GONAL-f pen injector.

In both our analyses (women with infertility and nurses),
the Rekovelle and Ovaleap pen injectors were associated
with a significantly higher rate of Type-4 errors compared
with the GONAL-f pen injector. Type-4 errors represented
the most severe errors in the study. In actual clinical prac-
tice, this type of error could impact the outcome of treat-
ment or could potentially result in an incident requiring
medical surveillance. At least one Type-4 error occurred
with all of the pens amongst women with infertility; how-
ever, the proportion of patients with at least one handling
error was highest with the Bemfola pen injector. There was
a large number of Type-4 errors recorded during the ‘Giving
the Injection’ step, especially with the Rekovelle and
Ovaleap pen injectors, suggesting that there is a need for
additional training and follow-up advice on how to avoid
such errors. Type-4 errors did not occur while nurses were
using the GONAL-f pen injector and only one was recorded
while nurses were using the Bemfola pen injector. In con-
trast to Type-4 errors, Type-1 errors represented the least
severe errors reported in the study, as this type of error can
be easily resolved by the patient and is unlikely to impact
treatment outcomes. The most common Type-1 error was
‘Opening the pen injector’ which occurred only with the
GONAL-f pen injector.

A number of errors recorded for both women with inferti-
lity and fertility nurses with the Rekovelle and Ovaleap pen
injectors may have resulted from the additional step of insert-
ing the cartridge, and the different locations of the injection
button versus the other pen injectors. Despite the Rekovelle
and Ovaleap pen injectors being very similar, dose selection

was different for the Rekovelle pen injector, as Rekovelle is
dosed in μg whereas Ovaleap is dosed in IU. For the Rekovelle
pen injector, participants were asked to select a clinically rele-
vant dose of 9.66 µg. The dose selector had marks for 9 and 10
and two dashes in between, representing the thirds, which
made the dose harder to select. The majority of errors with the
GONAL-f pen injector occurred while preparing the pen injec-
tor for use, i.e. removing the cap of the pen injector. This
suggests that less steps required to prepare the pen injector
and perform an injection might reduce the potential for hand-
ling errors. This in turn may increase the ease of use and
thereby reduce treatment-related anxiety and discontinuation
rates [6,18].

To our knowledge, this is the only simulated-use study that
provides such a detailed comparison of the different r-hFSH
pen injectors. The study has a number of strengths. Firstly, the
study design included the simulated handling of the pen
injector which is essential to accurately evaluate the patient’s
preference for a medical device. Secondly, the preferences
were evaluated for a number of different aspects of the pen
injectors both before and after the simulated-use of the
device, which demonstrated how actual handling of the pen
injector affects the subsequent opinions. Thirdly, the study
included a comprehensive assessment of handling errors
which provided data on the safety of the different devices,
and demonstrated how certain attributes of the device may
affect not only the handling of the pen injector, but also result
in delay of treatment or even injury. Fourthly, the preference
ratings and handling errors were evaluated for both women
with infertility intending to undergo ovarian stimulation and
fertility nurses. The separate analysis of these two distinct
populations provided data essential to assess the different
issues that women and nurses might have using pen injectors
during infertility treatment. Lastly, the testing order of the
pens was randomized to avoid bias. The testing order of the
pen was particularly important considering that the processes
of preparing the injector for use and performing the injection
were similar across devices.

Our study also has a number of limitations. This was
a simulated-use study with a single injection into a foam
pad, rather than daily subcutaneous injections. The Rekovelle
cartridge pen injector was included in our study; a new pre-
filled Rekovelle pen injector is now used in some countries
(Germany and the UK), but was not available at the time of our
study. However, although the new prefilled Rekovelle pen has
a push knob at the top of the pen to release the dose, the
actual dose dial is similar to the older cartridge pen and
therefore any handling issues related to dose-setting are unli-
kely to have changed. It was difficult to fully mask the pen
injectors as the cartridge for the Rekovelle and Ovaleap pen
injectors distinguishes them from the GONAL-f and Bemfola
pen injectors and, as fertility nurses were familiar with the pen
injectors and used them before, it is likely they were able to
recognize and identify the individual pens. Furthermore, the
dose (9.66 μg) that participants were asked to inject with the
Rekovelle pen injector was different from the dose that was
injected with other pens (62.5 IU), which was another differ-
ence that may have led to the unmasking of the pens. As the
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GONAL-f pen injector was introduced into the market earlier
than the other pen injectors, a larger proportion of nurses had
previous experience training patients on its use compared
with the other pen injectors (87% nurses had previous experi-
ence training patients on the use of the GONAL-f pen injector,
43% on the Bemfola pen injector, 25% on the Rekovelle pen
injector and 37% on the Ovaleap pen injector). This has the
potential for bias as most of the nurses were familiar with the
GONAL-f pen injector which may have affected their ratings.
The GONAL-f, Bemfola, Rekovelle and Ovaleap pen injectors
were all commercially available in the UK, Germany, and
Poland at the time of the study; however, previous nurse
experience of training women on a specific pen injector
depended on individual patient prescription.

The findings reported in this study are consistent with previous
studies regarding the evaluation of the GONAL-f pen injector by
women with recent or current infertility requiring ART or IVF and
fertility nurses [4,5,19]. In a previous study, IVF/ART-experienced
and – naïve women with infertility found the redesigned pen
injector ‘easy to learn to use’ and ‘easy to use’ [5]. Fertility nurses
rated the redesigned pen injector as ‘easy to learn and use’ and
‘easier to teach’ than expected [4]. In addition, IVF/ART-
experienced women and fertility nurses in these studies were
asked to compare their initial impressions and the use of the
GONAL-f pen injector with other self-injection devices that they
previously used or taught, based on recall [4,5]. The majority of
women said that they would prefer the GONAL-f pen injector over
other devices and the majority of nurses would choose to teach
the use of the GONAL-f pen injector over other injection devices.
Furthermore, a study by Jeannerot et al. (2016) showed acceptable
dose accuracy (defined by the International Organization for
Standardization 11,608–1:2012/2014 standard) for the GONAL-f
pen injector under different conditions and handling processes
[19]. To the best of our knowledge, no other pens have had such
a comprehensive assessment as the GONAL-f pen injector.

Previous comparative studies of different pen injectors for
IVF treatment have reported different results to the findings
reported in our study. Two previous studies compared the
Bemfola, GONAL-f and Puregon pen injectors and showed
that patients preferred the Bemfola pen injector [8,9]. These
studies included the handling of different pen injectors and
questionnaire-based survey after handling, comparing the
ease and convenience of use of the different pen injectors.
However, the studies did not evaluate preferences before
handling, and neither included harm assessment or evaluation
of potential handling errors. Our study included evaluation of
the preferences both before and after actual testing of the pen
injectors and evaluation of handling errors, which showed that
the GONAL-f pen injector was preferred by both women with
infertility and fertility nurses.

Another study, looking at the human factor interactions by
patients and nurses for the Bemfola pen injector, used a list of
pre-defined critical steps according to the IFU to assess the
correct handling of the pen injector [20]. Interestingly, no
critical errors related to the use of the pen injector were
reported in this study and only minor issues were reported
related to the priming of the pen injector. By contrast, in our
study we observed a number of errors with the Bemfola pen
injector related to priming and giving the injection.

An analysis by Zitoun et al. (2019) evaluating the key
attributes that patients and fertility nurses consider when
selecting an r-hFSH pen injector identified the type of pen
injector (multi-use vs single-use, disposable vs reusable) and
presence and location of the injection button and dose-setting
knob as important considerations [18]. In that study, it was
reported that participants preferred a multi-use, reusable
device. However, the study did not include actual handling
of the pen injectors, but was based on participant recall of
previous use and experience. Our study, in which participants
actually used the pen injectors, demonstrated that the hand-
ling of multi-use pens caused errors due to additional step of
inserting the cartridge. In the study by Zitoun et al. (2019), it
was also suggested that participants preferred pen injectors
with a release button rather than a push knob. Again, in our
study, more handling errors were observed with the injectors
with the release button on the side of the device, as often the
wrong button was pressed to inject the dose. The difference in
findings and conclusions in our study versus Zitoun et al.
highlights that evaluation of device attributes may not be
accurately interpreted without participants actually using and
handling the various devices, and rating their preferences and
experiences both before and after use.

In this study, we demonstrate that different aspects of the
pen injectors may lead to potential handling errors and should
be taken into consideration when choosing a pen injector for
infertility treatment and when training patients on its use.
Preparation of multi-use pens with cartridges requires an addi-
tional step; therefore, we recommend that specific training
should be provided on how to insert and change the car-
tridge. For pen injectors with a release button on the side of
the device, we also suggest that it should be highlighted in
the IFU and during training that pressing the wrong injection
button can cause wastage of the product and delay in treat-
ment. Patients using injectors with a cap should be made
aware that removing the cap may require a stronger pulling
force than initially anticipated. Finally, additional training
would be useful for the critical steps, such as priming of the
pen injector and giving the injection, and advice given that
these steps should be performed with caution. The majority of
handling errors observed in our study relate to selecting and
injecting the dose, therefore future comparative studies are
required to evaluate the dosing accuracy of different pen
injectors and provide guidelines on how to avoid such errors.

5. Conclusions

This simulated-use study, involving both women with inferti-
lity and fertility nurses, compared the GONAL-f, Bemfola,
Rekovelle and Ovaleap pen injectors and showed that, after
use, women with infertility rated the GONAL-f pen injector
significantly higher than the other devices, and that fertility
nurses rated the GONAL-f pen injector higher than the other
devices both before and after use. This, among other factors,
may be related to an increased number of handling errors
(including those that may affect treatment outcomes)
observed with the Ovaleap, Bemfola, and Rekovelle pen injec-
tors compared with the GONAL-f pen.
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