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Abstract

Background

In nursing practice, flushing the catheters pre and post-drug administration is considered an

important clinical procedure to prevent complications, and requires the use of several syrin-

ges to comply with international standards of care. We envisioned an innovative double-

chamber syringe that enables the filling and administration of both solutions. Following cur-

rent international recommendations, the development of new medical devices should inte-

grate Health Technology Assessment. The Human-centred design is usually used for that

assessment purposes, as a method that actively include end-users in the devices develop-

ment process.

Method

Application of the Human-Centred Design through the involvement of nurses in the initial

stages of the device development in order to accomplish the initial stages of Technology

Readiness Level. A multi-method approach was used, including literature/guidelines review,

focus groups with end-users and expert panels.

Results

The involvement of nurses enabled the definition of user requirements and contexts of use,

as well as the evaluation of design solutions and prototypes in order to accomplish with

usability and ergonomic features of the medical device.
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Conclusions

Significant contributions were made regarding the final design solution of this innovative

double-chamber syringe.

Introduction

The insertion of a peripheral intravenous catheter (PIVC) is the most frequent invasive proce-

dure performed in nursing clinical practice, which enables the administration of nutrients, flu-

ids, drugs and blood products directly on the bloodstream [1,2]. However, there is a wide

range of mechanical, chemical or infectious complications which can impact the patient’s

safety [3–7]. Thus, the prevention of such complications has been the main focus of scientific

research worldwide. International guidelines highlight some care precautions during PIVC

insertion (e.g. hand hygiene, aseptic technique, catheter size, anatomical insertion site, proper

securements) and maintenance (e.g. daily site inspection, flushing), highlighting the need for

recurrent professional training [8–10]. PIVC flush is one of the most important factors in pre-

venting catheter malfunction. By maintaining catheter patency, this procedure can prevent

recurrent complications such as occlusion, phlebitis, and infection [9]. In fact, the theoretical

purpose of flushing is to maintain catheter patency by preventing internal luminal occlusion,

reducing build-up of blood or other products on the device internal surface and preventing

interaction of fluids or drugs [11–15].

International standards of care in this thematic scope recommend a minimum flush volume

equal to twice the internal volume of the catheter system (catheter, extension set and/or nee-

dleless injection system) [9]. PIVC are traditionally flushed before and after drugs administra-

tion [9, 16]. The flushing practice implies the daily assessment of the device patency, as well as

a minimum pre and post flush after each single drug administration, using a pulsatile tech-

nique [9]. Despite clear recommendations, flushing practices appear to vary widely, especially

when focusing on the correct solutions, frequency, volumes, and techniques [17–19]. Tradi-

tionally, this process requires the use of two or three separate syringes per each drug adminis-

tration: an initial syringe, to assess PIVC patency and vein integrity; the second syringe, to

deliver the prescribed drug; and a third syringe (or the first again), to perform a final PIVC

flush.

To decrease costs and contamination risks, prefilled flush syringes have become available in

the international market [20]. Despite the known advantages, the use of prefilled flush syringes

in clinical settings is minimal [19]. Alternatively, double-chamber syringes have been devel-

oped to enable the sequential administration of intravenous drugs followed by the administra-

tion of a flushing solution, reducing contamination risks, costs and procedural time. Some of

these syringes have not been widely adopted because most of the designs only allow the use of

the flushing chamber once (before or after the drug administration). Other dual-chamber sys-

tems have been developed that allows drug combination or reconstitution and subsequent

administration [21]. The need to use at least two syringes to comply with international stan-

dards of care remains. To address this challenge, the “Duo Syringe” project was initiated with

the main purpose of developing an innovative medical device (MD), a double-chamber

syringe, that enables the filling and administration of drugs and flush solution (before and

after drug delivery).
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Legal requirements for the development of new MDs

The regulatory system for MDs in the EU is specified in the recently reviewed European Coun-

cil Regulation (EU) 2017/745 of the European Parliament and of the Council of 5 April 2017

on MD, amending Directive 2001/83/EC, Regulation (EC) No178/2002 and Regulation (EC)

No1223/2009 and repealing Council Directives 90/385/EEC and 93/42/EEC [22]. To ensure

the uniform application of such EU directives, MEDDEV consensus statements and interpre-

tative documents were developed. These EU directives require greater transparency and com-

promise solutions that will benefit both patients and MD manufacturers.

MDs released in the marketed in their earlier development stages are more likely to increase

the risk of harm [23]. These concerns led to the development of international recommenda-

tions that highlight the need to integrate the Health Technology Assessment (HTA) core

assumptions in the development of new MDs [24–25] in order to prevent those risk of harm.

HTA processes involve the determination of significant information regarding clinical, eco-

nomic, social, and ethical value of health technologies (either pharmaceuticals or MDs).

Although HTA guidelines are widely accepted and well defined for the evaluation of pharma-

ceuticals, its generic application to non-drugs technologies such as MDs has not been equally

consensual. Internationally, the regulatory processes are substantially less stringent for MD

than for drugs [26–28], with outstanding differences between them regarding the nature of the

clinical evidence base, the nature of the device’s technology, the incremental innovation, the

learning curve effects, and the organizational impact [29]. Currently, several challenges remain

in the assessment of MDs and making clinical and cost-effectiveness decisions [30–32]. There

is a need for better linkage between licensing policies and innovative HTA procedures [26], in

order to increase patient safety, particularly in the European Union (EU) [27,33], as empha-

sized by the European Clinical Research Infrastructure Network (ECRIN) [34].

According to HTA Core Model classification (EUnetHTA) [35], both drugs and MDs

reports should consistently consider safety, effectiveness, and economic evidence. Facing this,

research involving the final users and investigate their needs may contribute for product devel-

opment may contribute with a more objective approach in earlier stages of MD development,

considering an iterative process [36]. In fact, following good design principles and involving

users in the earlier phases of the MD development process (considering the users’ involve-

ment) decreases the need for design changes. This would not only save time and money, but

also diminish the frustration for both developers and users. Considering the EU directives, the

manufacturer is required to “reduce, as far as possible, the risk of use error due to ergonomic

features of the device and the environment in which the device is intended to be used” [22].

Similarly, the International Organization for Standardization (ISO) emphasizes the need to

evaluate “the extent to which a user can use a product to achieve specific goals with effective-

ness, efficiency and satisfaction in a specific context” (IEC ISO 62366:2015) [37]. According to

these regulatory requirements, Human-centred design (HCD) appears as a method that

involves the user in the development process, in order to ensure that MD meets their needs

and competences, but also to improve safety, satisfaction, effectiveness and efficiency, while

reducing product recalls and modifications [38–41]. In order to achieve the international stan-

dards (ISO 13407:1999, ISO 14155:2011; ISO 14971:2012) [42–44], the HCD method defines

four phases in the development of MDs: (i) identify the user and specify the context of use; (ii)

specify the user requirements; (iii) produce design solutions; and (iv) evaluate design solutions

against requirements. The main goal of this iterative method is to increase the involvement of

end-users throughout the design and development process of new MDs in order to enhance its

effectiveness, efficiency, and satisfaction in a specific context of use [37,38].
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Study objectives

The main purpose of this study is to describe and report the initial steps in the development of

a new MD (the Duo Syringe). According to the European requirements previously outlined,

an HCD approach was used with the involvement of the end-user of this double-chamber

syringe (nurses). Specifically, we intend to: (i) explore the conceptual idea about this new

device, establishing the users and their requirements, as well as the contexts of use; (ii) obtain

enough data regarding such aspects in order to develop design solutions; (iii) assess those

design solutions against the initial requirements; and (iv) select the better design solution and

determine any necessary modification in order to improve the MD.

Method

Design and procedures

This study was reviewed and approved (No. P608-8/2019) by the ethics Committee of the

Health Sciences Research Unit: Nursing (UICISA: E) of the nursing School of Coimbra

(ESEnfC). The HCD model requirements were used to define a specific multi-method

approach to implement along the initial stage of the Duo Syringe’s development [45,46].

According to this, several steps were implemented during the Duo Syringe’s development pro-

cess (Fig 1).

Contexts of use and user requirement. An initial literature review focused on the inter-

national guidelines about peripheral intravenous catheterization and infusion therapy stan-

dards of care was performed, not only to identify the clinical practices, current care gaps, and

end-users (both health care professionals and the patients), but also to define preliminary

functional requirements and characteristics for the device (e.g. dimensions of the syringe’s

body and plunger, volume required for each chamber). Focus groups with nurses were done to

specify the users’ needs and requirements, alongside with the determination of the contexts of

use, as well as any potential barriers to a safer and effective use of this double-chamber syringe

(Table 2). All the sessions were audio-recorded and then transcribed for qualitative analysis.

Fig 1. Flowchart of the study.

https://doi.org/10.1371/journal.pone.0235087.g001
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An additional panel of experts was conducted with the project’s academic, industrial and tech-

nological partners in order to provide them with the necessary information for designing the

device concept.

Design solutions for the device. Six design concepts were developed through software

NX (version 11.0; Siemens Product Lifecycle Management Software Inc.) by the technological

partner (see appendix for design images and semi-functional prototypes photos).

Assessment of the design solutions. The Duo Syringe concepts were analysed by the

project’s panel of experts composed by academia, industrial and technological partners, who

had previously elaborated a matrix with essential assessment criteria and its ponderation val-

ues. The semi-functional prototypes of the two solutions with the higher scores were assessed

by the nurses in new focus groups (Table 1) with nurses (Table 2). The prototypes were

Table 2. Focus Groups: Users’ characterization (N = 16).

N % M SD Min.-Max.

Sex Male 5 31.25

Female 11 68.75

Age (years) 39.25 10.096 25–55

Education Bachelors’ degree 3 18.75

Post-graduate/Specialty 4 25.00

Master degree 9 56.25

Professional time (months) 195.56 120.434 36–372

Department Research unit 3 18.75

Management support 1 6.25

Operating room 2 12.50

Surgery/Cardiothoracic surgery 3 18.75

Intensive care 2 12.50

Oncological Gastroenterology 1 6.25

Orthopaedics 2 12.50

Pneumology 1 6.25

Burn unit 1 6.25

Public institutions 13 81.25

Other (Teaching/Research) 3 18.75

Time at the current professional unit (months) 135.25 124.509 6–372

M–Mean; SD–Standard Deviation; Min.–Minimum; Max.–Maximum.

https://doi.org/10.1371/journal.pone.0235087.t002

Table 1. Focus groups guidelines.

Steps Duration (minutes) Purposes

I. Introduction and consent 5 • Presentation of the research project main objective;

• Obtain informed consent;

• Communicate about the group main purposes.

II. Concept(s) 15 • Presentation of the MDs’ concept(s) (with the support of a 3D video).

III. Semi-functional prototype(s) 15 • Presentation of the MD prototypes.

IV. Discussion 20 • Ensure that the discussion focus is the MDs’ characteristics.

• Ask for potential modifications to improve the MDs.

V. Sample characterization and ending 5 • Show appreciation for participation and obtain information to characterize the group.

https://doi.org/10.1371/journal.pone.0235087.t001
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evaluated with respect to their ergonomic and usability characteristics, potential applicability

barriers (their causes and consequences), as well as suggestions for device improvement. The

final design solution was then selected by the project’s research team (academic, technological

and industrial partners) based on the qualitative (focus groups) and quantitative results

(assessment matrix).

Materials

Supplementary materials were used in the focus groups with users: (i) focus groups guidelines

(according to the structure presented in Table 1); (ii) an informed consent document, which

gave a brief description of the research study, stated the main purpose of the groups and the

voluntary nature of participation; (iii) demographic questionnaire to characterize the nurses’

age, gender, educational and professional data.

Sample

The focus groups with users involved the participation of 16 nurses, with distinct education

levels and whose clinical practice settings differ. The sample characterization is presented in

Table 2.

Data analysis

Data collected included individual characteristics and demographics. Data were entered and

analysed using the Statistical Package for the Social Sciences–version 22.0 (SPSS 22.0, SPSS Inc.,

Chicago, IL, USA). Means, standard deviations, frequencies, and percentages were used as

descriptive statistics. For qualitative analysis (focus groups), the content analysis technique

was used [47], considering pre-defined categories about usability and functional requirements.

Other categories were also measured (a posteriori), according to the content of the users’

groups.

Results

Contexts of use and user requirements

The main advantages for this double-chamber syringe recognised by the focus groups partici-

pants (nurses) were related to the importance of the flushing practice, for example regarding

the patency assessment, as well as to prevent drugs interaction or contamination. Also, this

new device will bridge some major reasons for the non-adherence to flushing procedure, such

as time constraints or limited human resources. In fact, these syringes will also be an important

contribution to the time constraints, which is important due to the limited human resources

in the units, as stated by the participants. Other general advantages pointed by the nurses were

the reduced number of manipulations, with associated improvements in terms of safety for

patients and professionals (reducing infections and obstructions). The nurses identified several

clinical and care contexts in which this double-chamber syringe might be used, such as emer-

gency departments, angiography suits, implanted or semi-implanted catheters, chemotherapy,

and operating rooms.

Several functional requirements were considered, regarding the plunger and syringe body

dimensions (as close as possible to the syringes on the market), the device design, the volume

for each chamber (10 ml for the drugs), injection speed for the solutions (ensure the require-

ments for the bolus or intravenous administration), intended sequences for the chamber filling

and administration of both solutions (flush solution for patency evaluation, administration of

the drugs, and flush solution again). Considering the several clinical contexts of their
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professional activity, the majority of the participants in the focus groups agreed upon a 10 ml

volume for each chamber. Concerning this, a few participants stated that 10 ml for drugs could

be insufficient in a particular oncological context (such as cytostatic or some antibiotics). The

drug administration should respect the maxim pressure established for 10 ml syringes of 25

psi. The syringe should enable the verification of the catheter patency through the administra-

tion of the flush solution, the subsequent drugs delivery and the final flushing of the catheter

using the remaining flush solution.

Design solutions for the device

The industrial and technological partners developed six concepts based on user requirements

and contexts of use previously identified by the academic partner, but also attending to legal

standards required to the industrial process of a class I non-invasive MD with metrics. All the

concepts developed allow for the filling of two independent chambers, one with a flush solu-

tion and the other with an intravenous drug. One of the concepts (third concept) requires a

syringe switch in order to alternate access to each of the two chambers. In the administration

phase, all concepts enable the pre-flushing or patency assessment, the drug delivery, and subse-

quent flushing of the catheter. One exception is the second developed concept which only

allows the use of each chamber once, undermining attempts of a procedure following all the

steps recommended in international standards of care.

Assessment of the design solutions

Several criteria were determined by the academia, industrial and technological partners,

namely: (i) dimensions for both the syringe’s body and plunger; (ii) number of needed manip-

ulations; (iii) possibility of error in the fluids administration sequence; (iv) number of compo-

nents; (v) product complexity and assembly; (vi) costs; (vii) ease of filling the syringe

chambers; (viii) ease of administration; (ix) potential vascular trauma to the patient. These

requirements were rated by each partner regarding their importance to the selection of the

best concept (Tables 3–5), and the mean ponderation value for each variable was calculated

(Table 6).

The potential vascular trauma induced to the patient was identified by the experts as the

most important dimension to consider in the selection of the better design, followed by the

manufacturing costs and the possibility of error.

Table 3. Academic partner: Ponderation table for the variables to be assessed.

(i) (ii) (iii) (iv) (v) (vi) (vii) (viii) (ix) total

(i) dimensions 0.5 0 1 1 1 0.5 0.5 0 4.5

(ii) number of manipulations 0.5 0.5 1 1 1 0.5 0.5 0 5.0

(iii) possibility of error 1 0.5 1 1 1 1 1 0.5 7.0

(iv) number of components 0 0 0 1 0.5 0 0 0 1.5

(v) productive complexity and assembly 0 0 0 0 0 0 0 0 0

(vi) costs 0 0 0 0.5 1 0 0 0 1.5

(vii) ease of filling the syringe chambers 0.5 0.5 0 1 1 1 0.5 0 4.5

(viii) ease of administration 0.5 0.5 0 1 1 1 0.5 0 4.5

(ix) potential vascular trauma 1 1 0.5 1 1 1 1 1 7.5

0-less important; 0.5-equally important; 1-more important

https://doi.org/10.1371/journal.pone.0235087.t003
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After defining a common matrix, the panel assessed all the Duo Syringe concepts (Table 7).

During this stage, the second concept was excluded by the experts because it did not enable the

pre-flushing of the PIVC.

The two concepts with better scores (the first and fourth concepts) were then subjected to

rapid prototyping processes and discussed by nurses during a focus group. Nurses selected the

first prototype as the final one and gave feedback to improve it in terms of usability/ergonomic

Table 5. Industrial partner: Ponderation table for the variables to be assessed.

(i) (ii) (iii) (iv) (v) (vi) (vii) (viii) (ix) total

(i) dimensions 0.5 1 1 0 0 1 1 0.5 5

(ii) number of manipulations 0.5 0.5 0.5 0 0 0 0 0 1.5

(iii) possibility of error 0 0.5 1 0 0 0 0 0 1.5

(iv) number of components 0 0.5 0 0 0 0 0 0 0.5

(v) productive complexity and assembly 1 1 1 1 0 1 1 1 7.0

(vi) costs 1 1 1 1 1 1 1 1 8.0

(vii) ease of filling the syringe chambers 0 1 1 1 0 0 0 0 3.0

(viii) ease of administration 0 1 1 1 0 0 1 0 4.0

(ix) potential vascular trauma 0.5 1 1 1 0 0 1 1 5.5

0-less important; 0.5-equally important; 1-more important

https://doi.org/10.1371/journal.pone.0235087.t005

Table 4. Technological partner: Ponderation table for the variables to be assessed.

(i) (ii) (iii) (iv) (v) (vi) (vii) (viii) (ix) total

(i) dimensions 0 0 1 0.5 0 0.5 0.5 0 2.5

(ii) number of manipulations 1 0 1 1 0.5 0.5 0.5 0 4.5

(iii) possibility of error 1 1 1 0.5 0 1 1 1 6.5

(iv) number of components 0 0 0 0.5 0 0 0 0 0.5

(v) productive complexity and assembly 0.5 0 0.5 0.5 0 0 0 0 1.5

(vi) costs 1 0.5 1 1 1 0.5 0 0.5 5.5

(vii) ease of filling the syringe chambers 0.5 0.5 0 1 1 0.5 0.5 0 4.0

(viii) ease of administration 0.5 0.5 0 1 1 1 0.5 0 4.5

(ix) potential vascular trauma 1 1 0 1 1 0.5 1 1 6.5

0-less important; 0.5-equally important; 1-more important

https://doi.org/10.1371/journal.pone.0235087.t004

Table 6. Concepts assessment: Ponderation table for the variables to be assessed.

Academic Technological Industrial Mean ponderation value

(i) dimensions 4.5 2.5 5 4.0

(ii) number of manipulations 5.0 4.5 1.5 3.7

(iii) possibility of error 7.0 6.5 1.5 5.0

(iv) number of components 1.5 0.5 0.5 0.8

(v) productive complexity and assembly 0 1.5 7.0 2.8

(vi) costs 1.5 5.5 8.0 5.2

(vii) ease of filling the syringe chambers 4.5 4.0 3.0 3.8

(viii) ease of administration 4.5 4.5 4.0 4.2

(ix) potential vascular trauma 7.5 6.5 5.5 6.5

https://doi.org/10.1371/journal.pone.0235087.t006
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characteristics of the syringe. The nurses’ feedback focused mainly on the syringe’s plunger,

body, and chambers.

Regarding the plunger, and considering the semi-functional prototype manipulation by

participants, no annotations were made regarding the plunger course. Nevertheless, minor

modifications related to the dimension and colour of both plungers were annotated. Specifi-

cally, the nurses suggested a higher support base for the plungers, maintaining a circular shape

like in traditional syringes. In order to differentiate the drug chamber and the flushing solution

chamber, it was suggested using different colours in each chambers (e.g. blue or green for the

drug chamber plunger). In fact, the differentiation of the chambers was a major concern for

the participants in a way that enhanced clinical practice safety. Some participants also empha-

sized the need to ensure that one chamber is only used for the flushing solution (in a way that

both chambers cannot be used for two drugs). Another suggestion for such differentiation was

through different scale marking (a larger scale on the flushing chamber and a smaller scale for

the drugs chamber), although this was not considered significant by all the participants. All the

participants identified the black colour for the scale on the syringe body as their preference

(mirroring the design of traditional syringes).

During the analysis of the semi-functional prototype, the dimensions of the syringe body

were considered suitable by the participants. It was suggested the enhancement of the support

flaps for the index and medium fingers (particularly important for nurses with bigger hands).

A major concern emerged regarding the centred Luer lock system, because of the risk of

mechanically induced vascular trauma to the patient (in connecting the Luer lock adapter to

the catheter). Facing this, a substantial number of participants suggest the classical Luer slip
system on the border to reduce this risk. The steps for intravenous drug preparation and

administration using the new syringe was another aspect discussed in the focus groups. The

filling sequence of each chamber should be standardized: the flush solution chamber should be

the first to be charged, and then the drug chamber (to avoid contamination). Accordingly, the

participants suggested a stopper system on the first chamber (flush solution) in order to facili-

tate the charge of the second chamber (drug).

Table 7. Concepts assessment: Final scores.

(i) (ii) (iii) (iv) (v) (vi) (vii) (viii) (ix) total

1
5 (20) 4 (14.8) 5 (25) 5 (4) 5 (14) 5 (26) 5 (19) 4 (16.8) 4 (26) 165.6

2 EXCLUDED

3

5 (20) 1 (3.7) 3 (15) 3 (2.4) 2 (5.6) 2 (10.4) 4 (15.2) 4 (16.8) 2 (13) 102.1

4
2 (8) 5 (18.5) 4 (20) 3 (2.4) 4 (11.2) 4 (20.8) 5 (19) 5 (21) 5 (32.5) 153.4

5

2 (8) 2 (7.4) 5 (25) 5 (4) 1 (2.8) 1 (5.2) 4 (15.2) 3 (12.6) 3 (19.5) 99.7

6
1 (4) 4 (14.8) 2 (10) 5 (4) 4 (11.2) 4 (20.8) 5 (19) 4 (16.8) 4 (26) 126.6

Concept 2 was excluded because it did not enable the pre-flushing; Likert scale for concept assessment: 0-terrible; 1-very weak; 2-weak; 3-sufficient; 4-good; 5-excellent;

(in parenthesis are presented the corrected values according to ponderation values achieved for each evaluation criteria).

https://doi.org/10.1371/journal.pone.0235087.t007
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The final design solution (design solution number 1) was chosen by nurses in final focus

groups, mainly due to its simplicity both during the preparation and administration phases (eas-

ier, reduce errors in the chambers charging). Also, those design solutions achieved the higher

value in the quantitative assessment from the academic, technological and industrial partners.

Discussion

The development of MDs should be an iterative process, where the assessment is an important

step. The HCD methodological approach [48] involves the end-user in the MD development

process, with several purposes: (i) to obtain successful products that improve patient safety

and satisfaction; (ii) ensuring that the device meets the users’ needs and competences; (iii)

increase device effectiveness and efficiency; and (iii) reducing product recalls and modifica-

tions [38,39]. According to this, and in order to accomplish with national and international

regulations, we applied the HCD method to the development of a new device: a double-cham-

ber syringe for intravenous therapeutics that enables drug administration and the pre and post

PIVC flush in a sequential logic, improving health professionals’ adherence to current interna-

tional standards of care. Specifically, the HCD’ four phases were used in initial stages of prod-

uct development (identification of users, contexts of use and user requirements), but also for

produce and evaluate design solutions.

End-user involvement in the MD development process has been considered necessary to

obtain successful products, i.e. not only to define the user requirements and contexts of use,

but also to evaluate design solutions and prototypes. In fact, to produce viable and well-

adjusted prototypes it is necessary to verify if the user requirements have been met and that

the device adheres to basic usability and human factors/ergonomics principles. Prototypes

play an important role in the development of new MDs allowing for the assessment of shape

and form before manufacturing [49]. Thus, identifying and recruiting representative end-

users is essential to ensure a reliable data set [50,51].

For this double-chamber syringe, focus groups with primary end-users (nurses) were con-

sidered in several development stages. These focus groups resulted in the identification of

potential barriers to the safe and effective use of the double-chamber syringe, through the care-

ful analysis of the semi-functional prototype. The main contributions made by the participants

were related to the syringe’s plunger (e.g. with different colours to visually differentiate the

drug and flushing chambers), body (e.g. enhancement of the support flaps for the index and

medium fingers on the syringe body) and chambers (e.g. the filling and administration

sequences). Moreover, significant recommendations were done, for example, regarding the

need to ensure that the two chambers were used for their intended purpose (i.e. one chamber

for the intravenous drugs and the other chamber for the flushing solution). In fact, the notion

of intended purpose is an imperative aspect to consider in product development particularly

from the manufacturers’ perspective [52].

Recent SWOT analysis of the European MD industry emphasized the lack of strong con-

nections between industries and academia [53]. Although stakeholder input in the MD devel-

opment process is considered an overwhelming challenge because it requires more time and

resources [27], this collaboration is strongly recommended [40]. Our study enables a better

comprehension about the multidisciplinary skills as well as perspectives and contributions of

the partners involved in the development of a double-chamber syringe. In fact, the expert

panels composed by elements of the academic, industrial, and technological sectors provided

decisive contributions to the product development on a design and prototype level, which

resulted in the collection of essential data for the manufacturers [49]. During the product

development process, the need to redesign a product requires these stakeholders’ input in
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order to: (i) improve usability and aesthetics, reduce human errors, increase safety and effi-

ciency, improve patient outcomes and satisfaction (from the perspective of the users); as well

as (ii) add new functionalities or change materials, reduce the number of components and

associated costs, limit the need for ad hoc modifications, improve manufacturability and/or

mechanical properties (from the industry or technological partners’ perspective) [39,54].

Future research on this double-chamber syringe includes the pre-clinical validation of the

functional prototype in simulation context (labs) through usability tests with end-users

(nurses), as well as its clinical validation in real clinical settings (hospitals) [55].

Conclusions

The application of the HCD method during the double-chamber syringe design and develop-

ment processes brings a simple yet robust structure for the concept outline and prototype eval-

uation. A detailed description of the activities carried on in each phase was conducted,

applying an ergonomics and human factors approach to this real example of MD development.

This flexible and useful method enables the selection, development, and refinement of the final

design solution for this double-chamber syringe, constituting a valid approach to close the gap

between the final solution and the end-users’ needs, where efficacy and safety are highlighted.

Adopting these formal methods in the decision-making process effectively assist both indus-

trial and technological partners to take a more integrated, objective and reflective approach

into a device development, which should result in successful and high-quality products.
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