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Objectives: To gain insight into the current implementation of national guidelines on training, examina- 

tion and registration of proficiencies for the safe use of medical devices and to explore the barriers and 

facilitators faced during the implementation of these national guidelines. 

Methods: A questionnaire was sent to all Dutch hospitals and interviews were held with staff at six 

hospitals. 

Results: There are differences between hospitals in the implementation stage, but also within hospitals. 

The questionnaire showed differences between training and examination for devices used by nurses and 

those used by medical specialists. The interviews showed that most barriers and facilitators for imple- 

mentation of the national guidelines can be found in organizational factors. 

Conclusions: According to the hospitals, implementation of national guidelines for the safe use of medical 

devices is a complex process that involves all departments. Furthermore, the staff do not always feel a 

sense of urgency to improve the safe use of medical devices. To facilitate implementation, more national 

guidance could be helpful. 

© 2018 Fellowship of Postgraduate Medicine. Published by Elsevier Ltd. All rights reserved. 
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Introduction 

Medical devices have become increasingly important for the di-

agnosis, monitoring and treatment of patients [1] . In the USA, there

are an estimated 454,383 device-related adverse events a year that

result in emergency department visits [2] . In the UK, the National

Health Service estimates that 400 people a year die or are seriously

injured in adverse events involving medical devices [3] . Given the

growing numbers of medical devices coupled with the high inci-

dence of device-related adverse events, the safe use of medical de-

vices has become increasingly important for patient safety [4] . 

To improve safety, the World Health Organization (WHO) and

the International Organization for Standardization (ISO) developed

regulations for the safe use of medical devices [5,6] . The WHO de-

veloped a guide based on the regulatory systems of countries with

advanced medical device regulations, including the United States,

Canada, European countries, Australia and Japan. The ISO standard

has been developed to assess an organization’s ability to meet con-
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umer and regulatory requirements. The regulations of both the

HO and ISO are based on the life cycle of the medical device.

his life cycle consists of the conception and development, manu-

acture, packaging and labelling, advertising, sale, use and disposal

f the medical device [3] . Because of their focus on the full life

ycle of the medical device, they lack a detailed description of ap-

ropriate use of medical devices in specific settings, such as the

ospital. 

In 2011, national guidelines were developed in the Netherlands

o improve the safe application of medical devices in hospitals.

he ‘Covenant for the safe application of medical devices in hos-

itals’ [7] was commissioned by representatives of all Dutch hos-

itals and aims to improve the risk management and safe applica-

ion of medical devices in patient care. The covenant defines the

afe application of medical devices as: ‘A safe device in the hands

f a trained user in a setting that can ensure safe use’ [7] . These

ational guidelines cover three stages of the life cycle of medical

evices in hospitals, namely implementation, use and disposal. 

The phase in the life cycle where device-related adverse events

ccur is in the use of the device [8] . The UK National Patient Safety

gency reported that device-related incidents are caused by device
ts reserved. 
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ailure (43.8%), inappropriate use (29.3%), lack of training (12.3%)

nd poor maintenance (1.5%) [9] . Both the WHO regulations and

he ISO standard state that staff should have the necessary knowl-

dge, skills and experience before they work with a device. In ac-

ordance with this, the Dutch national guidelines state: ‘The hos-

ital must have a procedure that ensures that a user who applies

 medical device for the first time is proficient in the application

f the medical device’ [7] . 

The importance of making sure that users of medical devices

re proficient in using that medical device is also reported in the

iterature. Thomas et al. reported that a meaningful proportion of

evice-related adverse events are caused by human error [9] . Al-

hough there are many factors that affect the likelihood of human

rror, some of these adverse events could be prevented by hav-

ng proficient staff. Ensuring that staff are proficient in the use of

edical devices is an extensive and time-consuming process [10] .

urthermore, staff members experience barriers to becoming profi-

ient, for example in terms of time constraints, lack of support and

orking commitments [11] . National guidelines could help in en-

uring the proficiency of staff, but little is known about the factors

hich could hamper (barriers) or enhance (facilitators) implemen-

ation of these guidelines. 

The objective of this study was to gain insight into the current

mplementation of training and examination for the safe use of

edical devices and to explore the barriers and facilitators faced

uring the implementation of the national guidelines for the safe

pplication of medical devices. Therefore, a national survey was

onducted among hospitals and interviews were held with hospital

taff. 

ethods 

This study is a cross-sectional study with a mixed-methods de-

ign. Quantitative data were collected using a questionnaire. Inter-

iews with hospital staff were held to study perceived barriers and 

acilitators during implementation. 

uestionnaire 

The questionnaire included questions on the extent of imple-

entation of the national guidelines. The majority of questions

ddressed the proficiency of users by asking about the organiza-

ion of training and examination. The questionnaire was developed

ased on literature and expert opinions and was discussed with

esearchers. The questionnaire was then tested with six members

f the Medical Devices taskforce of the Dutch Hospital Associa-

ion in order to achieve face and content validity. This showed

hat general questions concerning training, examination and reg-

stration of proficiencies were difficult to answer because of the

ifferences between technologies and users. These questions were

hanged to device-specific questions for electrosurgery and infu-

ion technology. These technologies were chosen because they are

idely used, are seen as high-risk medical devices and have dif-

erent main users. Infusion pumps are used to deliver fluids into

 patient’s body and are often operated by nurses. Because they

re regularly used for critical fluids and high-risk medication, fail-

res can have significant implications for patient safety [12] . Elec-

rosurgery is used by surgeons to cut, coagulate, desiccate and ful-

urate tissue. High-frequency current is passed through tissue to

enerate heat. If not properly used, this high current can injure

oth patient and operator [13] . 

Finally, the Dutch Ministry of Health, Welfare and Sport, the

utch Hospital Association and the Netherlands Federation of Uni-

ersity Medical Centres were consulted about the questionnaire.

he questionnaire (Appendix A) started with general questions

bout the hospitals, followed by questions about the extent and
rganization of implementation. Next, questions were asked about

he organization of training and examination for the use of electro-

urgery and infusion technology. Finally, the questionnaire asked

bout the registration of proficiency among staff. 

articipants 

The paper-based questionnaire was sent to all 86 Dutch hospi-

als, both university and general hospitals, in December 2015 [14] .

f a hospital had multiple locations, we selected the main loca-

ion. If the main location was not clear, the questionnaire was sent

o all locations. We addressed the board of directors, who were

sked to send the questionnaires to the person responsible for im-

lementation of the national guidelines in their hospital. Two re-

inders were sent to the non-respondents, three and four weeks

fter the first questionnaire. After these reminders, we phoned all

on-responding hospitals to ask them to participate. 

nalysis 

After data was entered manually, 10% of the data were checked

or accurate entry. An error rate of less than 1% incorrect data en-

ry was considered acceptable. Data analysis was done and checked

y two researchers (JM and PP). The responses to the question-

aires were analysed using descriptive statistics in Stata 14 (Stata-

orp, 2015). A chi-square test was used to test for significant differ-

nces between the organizations for users of infusion technology

nd electrosurgery. A p-value below 0.05 was considered statisti-

ally significant. 

nterviews 

In addition to the questionnaire, staff at six hospitals were in-

ited for an interview. These interviews focused on implementing

rocedures regarding the proficiency of the staff. A semi-structured

opic guide with open questions was developed based on items in

he national guidelines (Appendix B). The topic guide elaborated

n their experiences in general during implementation and on fa-

ilitators, barriers and how they overcame barriers. 

articipants 

For the interviews, we purposively selected hospitals that had

een implementing the national guidelines for more than one year.

hese hospitals were selected to ensure they had already encoun-

ered barriers and facilitators during implementation. Hospitals

ere selected and approached if reports by the Healthcare Inspec-

orate or presentations at national congresses showed they had

een implementing parts of the guidelines focusing on the profi-

iency of users for more than one year. Between December 2015

nd January 2016, we interviewed the employees who were re-

ponsible for implementation of the national guidelines. We tried

o ensure a general view instead of a device- or professional-

pecific view by asking the respondents to answer the questions

hile keeping all types of medical devices and different profes-

ionals in mind. All interviews were conducted by a single inter-

iewer (JM) in a private room at the workplace of the respondent. 

nalysis 

The interviews were recorded using a digital audio recorder and

ranscribed, coded and analysed using MAXQDA (MAXQDA11;VERBI

oftware GmbH, Germany). For quality assurance, each participant

eceived a written transcript of the interview. Coding was con-

ucted by two researchers (JM and LV) using codes taken from the

omains of the PRISM Framework [15] . This framework was chosen

ecause it considers implementation in non-research settings. The

ramework focuses on implementation in healthcare and consists

f 39 elements in four domains. These domains are: 1) elements of
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the programme (organizational and patient perspective), 2) charac-

teristics of recipients of the programme (organizational and patient

characteristics), 3) influences of the external environment and 4)

implementation and sustainability infrastructure. Because the im-

plementation has an influence on professionals, we chose to use

the professional perspective and characteristics instead of the pa-

tient perspective and characteristics. The coding by the two re-

searchers was discussed until consensus was reached. Hereafter,

the coding was used to establish connections between themes and

to identify the essence of each theme. Finally, two researchers (PP

and LV) discussed the themes that emerged from the analysis and

possible explanations for these findings. 

Results 

Questionnaire 

Participants 

The questionnaire was sent to all 86 general and university hos-

pitals in the Netherlands. Six hospitals had recently merged. Of

the 80 remaining hospitals, 65 hospitals returned the questionnaire

(81% response rate). Nine hospitals were not able to participate in

this study due to time constraints, three hospitals did not provide

a reason for non-participation and in three hospitals the responsi-

ble employee could not be reached. 26 out of 65 respondents were

medical physicists and nine respondents were heads of the medical

devices department. The median number of beds in the hospitals

was 497 (interquartile range 300–750). The number of responses

to a question can deviate from the total number of respondents

because hospitals were asked to skip questions if professionals did

not receive regular training. 

General implementation of the national guidelines 

Almost all hospitals (95%) have a multidisciplinary taskforce

that is responsible for the implementation of the proficiency part

of the national guidelines. The group generally includes the head

of the medical devices department, a medical specialist, a medical

physicist, a policy officer and an educational expert. The biggest

cluster of hospitals (30%) started the implementation of the na-

tional guidelines after a letter from the Healthcare Inspectorate in

June 2015, which announced the inspectorate would start auditing

the implementation in January 2016. The hospitals are at differ-

ent stages in the implementation of the national guidelines, rang-

ing between adoption (28%), implementation (40%) and evaluation

and maintenance (32%). Hospitals that are in the adoption stage

have an action plan or protocols that are in line with the national

guidelines. If hospitals are in the implementation stage, this means

these protocols are being followed. In the evaluation and mainte-

nance stage, the protocols are being adapted based on evaluation

of the implementation. 

Proficiency of users 

Questions about examination and the registration of the pro-

ficiency of users were asked separately for two technologies: in-

fusion technology and electrosurgery. Users of infusion technol-

ogy were more likely to have been trained ( p < 0.001) and exam-

ined ( p < 0.001) and the proficiencies were also more likely to be

monitored ( p < 0.001). Lack of proficiency is more likely to be re-

vealed during an annual assessment interview in the case of infu-

sion technology ( p < 0.001) and because of a mistake or complica-

tion in the case of electrosurgery ( p = 0.024). The main results for

the questions about proficiency are presented in Fig. 1 . Training

in infusion technology was more often a combination of knowl-

edge and skills (67% of the training programmes) in comparison
ith training in electrosurgery, which mostly involves training in

kills only (48% of the training programmes). In 69% of hospitals,

he type of training and examination medical specialists receive for

ther high-risk medical devices is similar to a high or very high

egree to the training and examination in electrosurgery. In 75%

f hospitals, the training and examination nurses receive for other

igh-risk medical devices is similar to a high or very high degree

o the training and examination in infusion technology. 

nterviews 

articipants 

The interviews were performed with nine employees in total,

t six hospitals, who were responsible for implementation of the

arts of the national guidelines that concerned the proficiency of

taff. No new information emerged in the fifth and sixth inter-

iews, which implied that data saturation had been reached. Four

f the interviewees were medical physicists, four worked in the

ducational department and one was the head of the medical de-

ice department. The interviews ended when all information had

een collected and took between 27 and 89 minutes (mean length

9 minutes). Most interviewees were male (6 out of 9). The inter-

iews were held in hospitals of different sizes and types (two uni-

ersity and four general hospitals). The stage of implementation in

he hospitals where interviews were held varied between adoption

nd evaluation and maintenance. All six hospitals had developed a

rogramme for the training of staff, although sometimes this plan

ndicated that no training was needed for medical specialists. The

ain results of the interviews are displayed in Fig. 2 and explained

elow. 

rganizational perspective 

Respondents perceived “readiness”, “addressing the barriers fac-

ng frontline staff” and “coordination across departments ” as both

arriers and facilitators. “Strength of the evidence” in relation to pa-

ient safety and “burden” were seen as barriers for implementation

f the national guidelines. Respondents remarked in particular on

he reasons that medical specialists gave for the implementation

eing a burden. 

One reason the medical specialists mentioned was the amount

f additional work in combination with their already high work-

oad. Another reason according to medical specialists was that the

ational guidelines reduced their autonomy. However, the readi-

ess for implementation can be triggered by an incident or by ex-

ernal pressure such as an audit by the Healthcare Inspectorate,

hich is a governmental healthcare supervisory authority. 

“I think that the problem is that you ask things from people who

are close to being overloaded. The drawback is that you encounter

autonomy questions.” (Respondent 3) 

“But people are only going to really do things when there is pres-

sure. And that pressure comes from a major incident or if the in-

spectorate breathes down your neck.” (Respondent 6) 

For this reason, respondents stated that the barriers faced by

rontline staff should be addressed. A perceived barrier is that de-

artments spend as little time as possible on the development of

raining. These barriers could be reduced by respecting and help-

ng the frontline staff and by adjusting the level of training to the

evel of the employee. Another facilitator is tempting employees

nto training by making it an enjoyable activity. 

“It is about tempting professionals to get trained. That sounds a

bit odd, but professionals are rather afraid of training and exams.

But it can be made enjoyable if an appealing speaker is invited, if
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Fig. 1. Results of training and examination of staff and the registration of proficiency, for users of infusion technology and electrosurgery. The number of hospitals who 

answered the question differ between the questions and are indicated within the bars. ( ∗ indicates significant difference between infusion technology and electrosurgery 

( P < 0.05)). 

Fig. 2. Implementation of the national guidelines, figure adapted from the PRISM framework [13] . + means the element is a facilitator, − means the element is a barrier and 

+ / − means the element is both a barrier and facilitator for implementation. 
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food is provided or if professionals can earn accreditation points.”

(Respondent 4) 

Moreover, respondents perceive the strength of the evidence as

 weak point. There is no evidence that implementation of the na-

ional guidelines will improve safety, and similar programmes did

ot prove to be effective. 

“Hospitals often cover their bases because the Healthcare Inspec-

torate wants it. So we can measure everything objectively, all very

formal, yet the effect has been shown to be small.” (Respondent 3)

The burden is seen as an important barrier by the respondents.

lements that are named as barriers are the large amount of time
t takes to implement the national guidelines, the complexity of

he implementation and the amount of money needed for the de-

elopment of training. 

Another factor is the hospital-wide nature of the national

uidelines, which makes coordination across departments neces-

ary, according to respondents. The respondents see the involve-

ent of different departments as a barrier. A positive aspect in the

xperience of the respondents is the formation of connections be-

ween the different departments. 

“The hospital has to deal with the covenant [national guidelines]

and that affects everyone. They looked at why some hospitals man-

age it and others don’t. You need someone who can connect peo-

ple.” (Respondent 4) 
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Organizational characteristics 

“Management support” and “communication” are facilitators ac-

cording to the respondents, while “staffing and incentives” and “or-

ganizational health and culture” are seen as both barriers and facil-

itators. 

Respondents say implementation is facilitated if the manage-

ment makes implementation a priority, actively promotes imple-

mentation and has a strict policy. 

“Can you name a facilitator in this hospital?” (interviewer) “Ini-

tially, the strict policy of the board of directors. No longer accept-

ing that people are not proficient.” (Respondent 5) 

Management also has an influence on the organizational health

and culture. The organization is both a barrier and a facilitator. Re-

spondents named giving feedback and a culture in which staff can

give each other criticism as a facilitator. However, high turnover in

staff is seen as a barrier that might influence the existing culture

and knowledge. 

“We must make people aware of how to work with devices and

teach them that you need to work safely with people. It is much

more about creating a culture within the organization in which

learning is normal.” (Respondent 2) 

Furthermore, respondents mentioned the personal responsibil-

ity of staff for their own proficiency as both a barrier and a facili-

tator. Staff appreciate it when they are trusted to judge their own

level of proficiency. A barrier is that staff are not always motivated

to work on their proficiency. 

Professional perspective and characteristics 

“Feedback of results” from training and examination is seen as

a facilitator. Feedback encourages staff to attend training. Staff are

also encouraged if there is a positive incentive, for example accred-

itation points when they complete a training programme. 

Moreover, respondents perceive the knowledge and beliefs of

staff as a facilitator for implementation. It helps if staff have an

intrinsic motivation to be proficient and to attend training. 

Implementation and sustainability infrastructure 

A facilitator for the implementation of the national guidelines is

the “existence of a plan for sustainability”. Respondents mentioned

a continuous cycle of improvement and recurrent audits or evalu-

ations as facilitators. 

“I see that it is a project in many hospitals. We do it and then

it’s finished, whereas it is actually a permanent notion. It is also

not a question of getting it right in one go, because next year we

have another cycle and we have new people etc. You have to con-

tinuously keep doing that [updating risk analysis and quality doc-

uments].” (Respondent 4) 

External environment 

The “external environment” can have a facilitating effect on the

implementation of the national guidelines. Facilitators are having

the process steered at the national level and determining nation-

ally which technologies cause a large number of adverse events. 

“What also plays a role is that we had very few really testable

standards. For electrosurgery there is a list from the association

with standards for knowledge requirements. That harmonizes what

people need to know, and that was what was missing. We see that
it is starting to take off now.” (Respondent 3) c  
iscussion 

The objective of this study was to gain insight into the cur-

ent implementation of national guidelines on training and exam-

nation for the safe use of medical technologies and the barri-

rs and facilitators during implementation of the guidelines. The

tage that hospitals had reached in the implementation of the na-

ional guidelines varied between adoption (28%), implementation

40%) and maintenance (32%). Furthermore, the questionnaire data

howed differences in training and examination between two dif-

erent devices with different main users. The interviews showed

hat most barriers and facilitators of implementation of the na-

ional guidelines can be found in the organizational factors, like

eadiness, strength of the evidence base and addressing barriers

xperienced by frontline staff. Facilitators for implementation are

he knowledge and beliefs of staff, giving staff feedback, a plan for

ustainability and external resources. 

ifferences between medical devices in procedures 

Procedures regarding the examination and registration of the

roficiency of users are more likely to be applied for users of in-

usion technology in comparison with users of electrosurgery. A

ikely explanation is the difference in the main users: infusion

echnology is used by nurses while electrosurgery is used by med-

cal specialists. More barriers are perceived by respondents when

raining and examining medical specialists in comparison with

urses. Respondents mention that the autonomy and workload of

edical specialists could explain why implementation is more dif-

cult. Previous studies have shown that resistance to change is

ainly high in professions characterized by professional autonomy

16,17] . Moreover, resistance to change is also known to increase

hen the workload is higher [18] . The increase in resistance is

aused by the fear or knowledge that change requires an invest-

ent of time. Another explanation could be that nurses are more

sed to being examined. Implementation of new processes is eas-

er when changes are smaller and new procedures are in line with

ld procedures [19] . However, it is unclear whether hospitals do

ot try to implement training and examination or whether they try

ut do not manage to implement it. The interviews indicated that

ore barriers were perceived with the training and examination

f medical specialists. Moreover, the questionnaire data showed

here were different policies for nurses and medical specialists.

his could indicate that hospitals do not try to implement train-

ng and examination for certain types of users. 

arriers and facilitators for implementation 

The interviews gave insight into the barriers and facilitators for

mplementation. We found that the implementation of the national

uidelines is a complex process with barriers and facilitators from

everal different origins. Most barriers and facilitators can be found

n the organizational perspective and characteristics. This project

nvolves all the different departments and layers of the organi-

ation. The costs and time the implementation takes are seen as

n important barrier. There are not enough staff and money avail-

ble to facilitate the implementation. This problem is often seen

n hospitals as a barrier to implementation [18,20] . National sup-

ort from experts or frameworks to guide implementation could

elp hospitals with the implementation. Moreover, a factor that in-

reases the burden is that people do not see the importance and

xtent of the problem [20] . Most staff within the hospital see the

mplementation of the national guidelines as a problem, while the

eal problem is the unsafe use of medical devices and the effects

his has on patient safety. Although this subject is receiving in-

reased attention, the interviews suggest that hospitals still need
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n incident or visit from the Healthcare Inspectorate to make the

afe use of medical devices a priority. 

Accordingly, respondents say the management has important

acilitating effects. The first facilitator is the promotion of the na-

ional guidelines. Promotion makes staff aware of the existence

nd importance of the implementation [20] . In addition, it is help-

ul if the management has a strict policy. If management clearly

onsiders implementation to have a high priority, staff are mo-

ivated to implement the national guidelines. Moreover, creating

 culture in which training, examination and registration of pro-

ciency is normal could facilitate implementation, although it is

mportant not to demotivate staff by giving them an increased

orkload. However, staff also have to perceive the importance of 

eing proficient and should no longer think it is acceptable to

se medical devices in which they are not proficient. The cur-

ent organizational culture regarding the proficiency of staff can

e both a barrier and a facilitator. Some facilitators for involv-

ng staff in training are to tempt them with enjoyable activities

nd rewards. It can also help to create a culture in which giv-

ng and receiving feedback is normal. Giving and receiving feed-

ack improves the quality of work and makes feedback in other

orms, like an examination, less threatening [21] . These neces-

ary changes in culture take time and the implementation of

he national guidelines should be in line with the change in the

ulture. 

In addition to the change in culture, a cyclical implementa-

ion of the national guidelines facilitates the sustainability and en-

ures a more solid implementation because the changes in the

rganization and environment are taken into account [22] . To

nsure support among staff, it is also necessary to have proof

f the positive effects of the national guidelines [17,22] . These

dvantages could be made visible by evaluation and improve-

ent of the procedures. Another way to facilitate implementa-

ion is to make national frameworks available for implementa-

ion. These frameworks could describe in more detail which steps

hould be taken for a solid implementation and could for ex-

mple give expert opinions about the organization of training

nd examination of proficiencies. These frameworks should not be

orced upon hospitals but could help them determine the right

rocedures. 

trengths and limitations 

The strengths of this study are the high response rate of 81%

nd the mixed methods design. The content and face validity of

he questionnaire was assured by consulting several experts. A

eneral limitation in survey research is the risk of social desir-

ble answers of respondents. In this case, respondents involved

n the implementation of the guidelines could have given more

ositive answers than other respondents. This potential bias is

inimized by collecting data in a confidential way and assur-

ng that all results are treated confidentially. The hospital respon-

ents answered most questions, including the confidential ones,

inimizing the chance that respondents deliberately did not an-

wer questions. Another limitation of this study is that it was

onducted in the Netherlands, which might influence the gener-

lizability of the findings. Although there are few countries with

uidelines for the safe use of medical devices, this is a subject

f growing importance and interest. Countries that decide to im-

lement similar guidelines could use this study to facilitate the

mplementation. Furthermore, the questionnaire focused on two

ypes of medical devices, which might also influence generalizabil-

ty. On the other hand, staff indicated in the questionnaire that

raining and examination are similar for other high-risk medical

evices. 
onclusions 

This study shows that the implementation of a national guide-

ine for the safe application of medical devices is a complex pro-

ess in which all the different departments in a hospital are in-

olved. An instigator such as an incident or external pressure facil-

tates implementation. This could indicate that staff do not always

xperience a sense of urgency for the proficient use of medical de-

ices amongst other priorities. Moreover, differences were found

etween the training and examination of nurses and that of medi-

al specialists. A better understanding of the reasons for this differ-

nce could reveal other barriers and facilitators of implementation.

nother barrier is the lack of staff, time and money. For this, na-

ional guidance, for example through frameworks or expert opin-

ons, could be helpful to facilitate the implementation of national

uidelines. 
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