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AbstrAct
Background Advanced medical technologies (AMTs), 
such as respiratory support or suction devices, are 
increasingly used in home settings and incidents may 
well result in patient harm. Information about risks 
and incidents can contribute to improved patient 
safety, provided that those are reported and analysed 
systematically.
Objectives To identify the frequency of incidents when 
using AMTs in home settings, the effects on patient 
outcomes and the actions taken by nurses following 
identification of incidents.
Methods A cross- sectional study of 209 home care 
nurses in the Netherlands working with infusion therapy, 
parenteral nutrition or morphine pumps, combining data 
from a questionnaire and registration forms covering 
more than 13 000 patient contacts. Descriptive statistics 
were used.
Results We identified 140 incidents (57 adverse 
events; 83 near misses). The frequencies in relation to 
the number of patient contacts were 2.7% for infusion 
therapy, 1.3% for parenteral nutrition and 2.6% for 
morphine pumps. The main causes were identified as 
related to the product (43.6%), the organisation of 
care (27.9%), the nurse as a user (15.7%) and the 
environment (12.9%). 40% of all adverse events resulted 
in mild to severe harm to the patient. Incidents had been 
discussed in the team (70.7%), with the patient/informal 
caregiver(s) (50%), or other actions had been taken 
(40.5%). 15.5% of incidents had been formally reported 
according to the organisation’s protocol.
Conclusions Most incidents are attributed to product 
failures. Although such events predominantly cause no 
harm, a significant proportion of patients do suffer some 
degree of harm. There is considerable underreporting of 
incidents with AMTs in home care. This study has identified 
a discrepancy in quality circles: learning takes place at the 
team level rather than at the organisational level.

IntroductIon
Advanced medical technologies (AMTs), 
such as respiratory support and suction 
devices, are frequently used in home 
settings and incidents associated with 

their use may result in serious patient 
harm.1 2 Degrees of harm are defined 
by the WHO according to the Interna-
tional Classification for Patient Safety3 
from ‘none’, ‘mild’, ‘moderate’, ‘severe’ 
to ‘death’ . Information about risks and 
incidents in the home can contribute to 
improved patient safety and quality of 
care. However, one prerequisite is that 
incidents are reported and analysed 
systematically.4–6

Risk factors identified in several studies 
generally relate to technological, environ-
mental or human factors,7–9 sometimes 
extended with organisational factors.10–12 
However, these factors cannot always 
be strictly separated. The performance 
of a professional using a device can also 
be seen as a joint system, and there is a 
mutual dependency between shaping the 
work environment and shaping work.13 14 
In home care, there is a less controlled 
setting, which means that work and risk 
factors with the use of AMTs at home are 
different from those prevailing in hospi-
tals. Another risk factor is that there are 
various user groups involved in the home 
setting: in addition to professional nurses, 
there are also patients and informal care-
givers.9 15–17 A review of on- call logs 
found that 44% of incidents involving 
home mechanical ventilation reported 
by patients were related to the device, 
18% were attributed to the user and 5% 
to equipment availability.18 A Canadian 
adverse event study19 found that 22% of 
the events in home care directly or indi-
rectly involved medication, followed by 
fall injury (17%) and wound infection 
(14%).
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Although incidents involving medical devices occur 
regularly in healthcare, the literature suggests that 
there is a severe under- reporting by nurses.20 21 In 
hospitals, there are several factors that hinder profes-
sionals from reporting incidents, especially regarding 
the use of medical devices. Insufficient knowledge to 
recognise an event as an incident, pressure of time, 
liability concerns or the fear of punishment can be 
obstacles to reporting.5 22–24 A culture of safety within 
organisations, in which employees feel comfortable in 
reporting, and the availability of a suitable reporting 
system is likely to encourage users to report inci-
dents involving medical technologies.20 25 In the home 
setting, there is also evidence that problems and inci-
dents involving medical devices are underreported,26 
although only limited information is available about 
the occurrence and reporting of incidents involving 
the use of AMTs by nurses at home.

Professional nurses are an important group of users 
of AMTs in the home. However, there remains a lack of 
research exploring the perspectives of nurses in using 
AMTs at home in terms of risk management and patient 
safety.27 The following three research questions will be 
addressed in this study: (1) what are the most frequent 
incidents in using AMTs by nurses in home settings 
and what characterises such events?; (2) what are the 
typical effects of incidents on the patient outcomes? 
and (3) which actions are typically taken by nurses, 
and to what extent, following incidents regarding the 
use of AMTs in home settings? Secondary goals are to 
identify whether there are correlations between the 
variables ‘working as a specialised nurse or not’ and 
‘the highest level of education completed in nursing’ 
on the one hand and ‘the number of reported inci-
dents’ on the other.

Methods
study design, setting and participants
A cross- sectional questionnaire survey combined with 
an analysis of registration data was conducted from July 
2018 to February 2019 inclusive in the Netherlands. A 
representative sample of 340 nurses working in home 
care across the country was recruited. Respondents 
were selected from teams whose nurses work as Cate-
gory A—a specialised nurse who performs specific care 
tasks for patients at home using AMTs or as Category 
B—a nurse who usually performs various care tasks for 
patients at home, including care with AMTs if neces-
sary. Nurses were eligible to participate if they were 
working with infusion therapy, parenteral nutrition 
or a morphine pump, regardless of how frequently. 
These three technologies were selected as the focus 
of this study because it is known that they are often 
used,27 28 which is confirmed by professionals in home 
care practice.

Instruments
Two measurement instruments were used to collect 
data: a questionnaire (see online supplementary 

appendix 1) and an incident registration form (see 
online supplementary appendix 2). In this study, the 
term ‘incidents’ will be used to mean adverse events 
(incidents reaching the patient, whether or not causing 
harm to the patient) and near misses (incidents not 
reaching the patient, causing no harm to the patient). 
The questionnaire investigated general respondent 
characteristics, such as age, sex, highest level of educa-
tion completed in nursing and full- time equivalent 
(FTE) status. It comprised questions about experi-
ences with the three technologies and also about the 
reporting of incidents within their organisation. Most 
questions were multiple choice.

The incident registration form contained questions 
about the times of the shift that day, the number of 
patients seen during the shift, the use of the technolo-
gies and for how many patients. If an incident occurred, 
the respondents could attribute it to one of four cate-
gories: (1) product; (2) environment; (3) organisation 
of care or (4) human factors resulting from the nurse 
as user of the technology. The development of the 
registration form was partly based on the registration 
form used in a study into equipment- related incidents 
in the operating room,12 in which a PRISMA analysis 
was used to analyse the causes of incidents. Subcatego-
ries of possible causal attributions were based on the 
literature.29 30 The effect of the incident on the patient 
could be indicated on the WHO five- point scale. The 
final section concerned the action(s) that the nurse 
took or did not take as a result of the event. Both the 
questionnaire and the incident registration form were 
pretested in a pilot by a team of home care nurses and 
adjusted based on their experiences and feedback. The 
adjustments were mainly to wordings.

data collection
Respondents were recruited by email and telephone. 
Interested nurses were sent an envelope containing 
information about the study, instructions about both 
instruments and blank registration forms. The enve-
lope also contained a personal respondent number, 
which the respondents had to fill in on both the regis-
tration forms and the questionnaire. The envelopes 
with the numbers were randomly distributed to the 
participating nurses, to ensure anonymity.

Respondents were asked to fill in one registration 
form per shift for 10 consecutive shifts. Once all 
forms had been completed, the respondents could 
send them back in a prepaid return envelope. About 
a week after sending out the postal envelopes, the 
respondents received an email with a link to the online 
survey using Qualtrics software. After about 4 weeks, 
the respondents received a reminder message for both 
instruments.

According to the policy activities that constitute 
research at the University of Twente, this work met 
the criteria for operational improvement activities 
exempt from ethics review and data protection rules 
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Table 1 Sample demographics and characteristics

N 209

Age

  Mean (SD) 46.1 (11.4)

  Missing, n (%) 2 (1.0)

Gender

  Female, n (%) 188 (90.8)

  Male, n (%) 19 (9.2)

  Missing, n (%) 2 (1.0)

Employment in FTE

  Mean (SD) 0.7 (0.2)

  Missing, n (%) 1 (0.5)

Highest level of education completed in nursing

  Higher professional education with a bachelor degree, 
n (%)

90 (43.9)

  Secondary vocational education, n (%) 41 (20.0)

  In- service education, n (%) 61 (29.8)

  Other education, n (%) 13 (6.3)

  Missing, n (%) 4 (1.9)

Specialty

  Category A: a specialised nurse who performs specific 
care tasks for patients at home using AMTs, n (%)

127 (62.0)

  Category B: a nurse who usually performs various care 
tasks for patients at home, including the care with AMTs 
if necessary, n (%)

78 (38.0)

  Missing, n (%) 4 (1.9)

FTE, full- time equivalent.

were followed accordingly. The study was deemed an 
improvement activity in professional practice and not 
research on human subjects, and in line with the ethic 
regulations we obtained informed consent. Nurses 
were informed in advance via email about what partic-
ipation would entail. They could then decide whether 
or not to participate. Completing the registration 
forms and the questionnaire was strictly anonymous 
to ensure nurses’ privacy. Data cannot be traced back 
to individual respondents or organisations.

data analysis
The data files of the questionnaire results and the regis-
tration forms were combined, so that the outcomes of 
both instruments could be related to each other on 
the basis of the respondents’ individual numbers. If a 
respondent indicated more than one main cause for 
an incident on the registration form, then two authors 
reached consensus about the underlying cause. Not all 
respondents who experienced an incident answered 
all the questions, so the number of missing answers is 
indicated.

Descriptive statistics are provided for respondent 
characteristics, the use of the three technologies, the 
description of incidents and the follow- up. The χ² test 
was used to identify any differences between groups 
of nurses. All statistical analyses were conducted using 
SPSS statistical software, V.24.

results
sample characteristics
The study response after the reminder message was 
as follows: 209 respondents (61.5%) completed the 
online questionnaire and 202 (59.4%) completed the 
registration forms, with 181 respondents (53.2%) 
completing both instruments. Demographic data and 
characteristics for the study sample are presented in 
table 1. Almost all respondents had followed extra or 
specialised education in nursing, such as wound care, 
intensive or coronary care, palliative care, oncology, 
dialysis, management in care, medical skills in nursing 
or home care technology.

The data collection yielded a total of 2131 usable 
registration forms covering morning, afternoon, 
evening and night shifts. Nurses visited a mean of 6.3 
patients per shift, which means that this study includes 
more than 13 000 patient contacts. During 72.1% of 
their shifts, the nurses had used one or more of the 
technologies involving infusion therapy, parenteral 
nutrition or morphine pumps. For further analysis, 
registration forms were only included if nurses had 
at least one patient contact during the shift. Some 
respondents failed to record the number of patients. 
For those cases, the number of patient contacts was 
extrapolated, based on the known average.

Regarding infusion therapy, 81.3% of the respondents 
(168 of n=208; one missing) had more than 2 years’ 
experience in total (in inpatient and/or outpatient care) 

but 6.3% had never used these technologies in prac-
tice. Of the nurses who work with infusion therapy in 
home care (n=187), 94.2% considered themselves as 
competent to use infusion therapy safely in the home 
setting, of which 62.6% ‘very competent’, but 5.9% 
as insufficiently competent. On average, 62.0% of the 
respondents (129 of n=208; one missing) use infusion 
therapy in home care during (almost) every shift, but 
9.1% had never used these technologies in home care. 
In this study, the nurses used infusion therapy at some 
point during 60.5% of their shifts and applied it to a 
total of 3022 patients, with an average of 2.4 patients 
per shift.

77.8% of the respondents (161 of n=207, two 
missing) had more than 2 years’ experience with 
parenteral nutrition, but 10.6% of the respondents 
had never used these technologies. Of the nurses who 
use these technologies in home care (n=175), 48.6% 
considered their competence at using these technolo-
gies in a safe way in the home as very high, 46.9% as 
sufficiently high but a minority of 4.6% as insufficient. 
About half of the respondents (50.5%) use these tech-
nologies during (almost) every shift (106 of n=208; 
one missing), but 14.9% had never used them in home 
care. In this study, these technologies were used at 
some point during 34.4% of the shifts, involving 1034 
patients and, on average, 1.4 patients per shift.

Most nurses participating in the study (83.2%, 
173 of n=208; one missing) have at least 2 years’ 
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Table 2 Incidents (adverse events and near misses) in relation 
to the number of patient contacts

Number of 
patients 
treated

Adverse 
events
n (%)

Near 
misses
n (%)

Total of 
incidents
n (%)

Infusion 
therapy

3022 33 (1.1) 47 (1.6) 80 (2.7)

Parenteral 
nutrition

1034 4 (0.4) 9 (0.9) 13 (1.3)

Morphine 
pumps

1811 20 (1.1) 27 (1.5) 47 (2.6)

Total 5867 57 (1.0) 83 (1.4) 140 (2.4)

Table 3 Main categories and underlying causal attributions of incidents (n=140)

Incidents mainly attributed to

        Technology

Infusion therapy
n (%)

Parenteral nutrition
n (%)

Morphine pumps
n (%)

Product 37 (46.3) 6 (46.2) 18 (38.3)
  Technical defect in the device 12 (17.5) 5 (38.5) 11 (23.4)
  Correct device not present or device component(s) missing 12 (15.0) 0 (0) 2 (4.3)
  Manual unclear, incomplete, not available or unsuitable for the home situation 1 (1.3) 0 (0) 0 (0)
  Device unsuitable for the home situation, because … 1 (1.3) 0 (0) 0 (0)
  Incorrect medication preparation, administration or delivery 5 (6.3) 1 (7.7) 5 (10.6)
  Other 4 (5.0) 0 (0) 0 (0)
Environment 12 (15.0) 2 (15.4) 4 (8.5)
  Climate in the room (eg, temperature, humidity, lighting, noise) 0 (0) 0 (0) 1 (2.1)
  Hygiene of the room 2 (2.5) 0 (0) 0 (0)
  Room too small 0 (0) 0 (0) 0 (0)
  Presence of children 0 (0) 0 (0) 0 (0)
  Presence of pets 0 (0) 2 (15.4) 1 (2.1)
  Power failure or interference with other electrical devices 0 (0) 0 (0) 0 (0)
  Incorrect use by patient and/or informal caregiver(s) 8 (10.0) 0 (0) 1 (2.1)
  Other 2 (2.5) 0 (0) 1 (2.1)
Organisation of care 20 (25.0) 4 (30.8) 15 (31.9)
  Unclear tasks, responsibilities and/or authorisations 3 (3.8) 2 (15.4) 3 (6.4)
  Error or transfer error by a colleague or other healthcare professional 14 (17.5) 2 (15.4) 11 (23.4)
  Poor maintenance of the device, including cleaning 2 (2.5) 0 (0) 0 (0)
  Other 1 (1.3) 0 (0) 1 (2.1)
Human factors: Yourself as a user 11 (13.8) 1 (7.7) 10 (21.3)
  Insufficient knowledge/skills regarding the use of the device 0 (0) 0 (0) 1 (2.1)
  Stress or fatigue 0 (0) 0 (0) 0 (0)
  Inattention or error 7 (8.8) 1 (7.7) 5 (10.6)
  Failure in situational awareness 1 (1.3) 0 (0) 0 (0)
  Incorrect calculation of medication 1 (1.3) 0 (0) 4 (8.5)
  Other 2 (2.5) 0 (0) 0 (0)
Total 80 (100) 13 (100) 47 (100)

experience of using morphine pumps, but 0.5% had 
never used them. Of the nurses who use these pumps in 
home care (n=202), 96.5% considered themselves as 
competent in the safe use of these technologies in the 
home (of which 59.9% ‘very competent’), but 3.5% as 
insufficiently competent. In home care, 55.3% (115 
of n=208; one missing) of these nurses use morphine 
pumps at least once during (almost) every shift, but 

1.4% had never used morphine pumps in home care. 
43.4% of the shifts registered in this study involved 
the use of morphine pumps, with 2.0 patients per shift 
on average and a total of 1811 patients in this study 
treated using morphine pumps.

Adverse events and near misses
Nurses who used one of the three AMTs in their shift 
indicated that an adverse event involving one of the 
technologies occurred in 3.7% of those shifts, a near 
miss in 5.4% of those shifts but during 90.9% of the 
shifts no incident occurred. Incidents involving infu-
sion therapy occurred most frequently (2.7%) in rela-
tion to the number of patient contacts involving that 
technology (see table 2), followed by morphine pumps 
(2.6%) and parenteral nutrition (1.3%).

Regarding infusion therapy, incidents (n=80) were 
mainly attributed to the product (46.3%), followed 
by the organisation of care (25.0%), the environment 
(15.0%) and the nurse as the user (13.8%) (see table 3). 
Product- related incidents were mainly attributed to 
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technical defects in the device (17.5%) or that the 
correct device was not present or a component was 
missing (15.0%). Incidents related to the organisation 
of care were mainly attributed to an error or handover 
error by a colleague or other healthcare professional 
(17.5%). The most common incidents related to the 
environment were incorrect use by patient and/or 
informal caregiver(s) (10.0%). If the incident was 
related to the nurse as a user, inattention or error were 
the main causes in 8.8% of the cases.

As the main cause of an incident involving paren-
teral nutrition (n=13), respondents mentioned the 
product (46.2%), the organisation of care (30.8%), the 
environment (15.4%) and themselves as users (7.7%). 
Incidents related to the product were mostly identi-
fied as a technical defect in the device (38.5%). In the 
‘organisation of care’ category, the respondents cited 
unclear tasks, unclear responsibilities and/or unclear 
authorisations (15.4%) and an error or handover 
error by a colleague or other healthcare professional 
(15.4%) as the explanation. Incidents due to environ-
mental factors were often related to the presence of 
pets (15.4%), and incidents due to themselves as users, 
to inattention or error (7.7%).

Table 3 also shows that incidents involving morphine 
pumps (n=47) were attributed to the product (38.3%), 
the organisation of care (31.9%), the nurse as a user 
(21.3%) and the environment (8.5%). The underlying 
aspect related to the product was usually a technical 
defect in the device (23.4%). Regarding the organisa-
tion of care, the incidents were mostly related to an 
error or handover error by a colleague or other health-
care professional (23.4%). The most frequent under-
lying aspects for the nurse as a user are inattention or 
error (10.6%) and incorrect calculation of medication 
(8.5%). Under environment were cited some minor 
factors, such as the climate in the room, the presence 
of pets, the incorrect use of the device by patient and/
or informal caregiver(s) and ‘other’.

Regarding infusion therapy, significantly more 
incidents were reported by Category A nurses than 
Category B nurses (χ2=15.077; df=2; p=0.001; 
z=−3.785). However, for parenteral nutrition, no 
statistically significant differences could be found 
between the groups of nurses (χ²=2.032; df=2; 
p=0.362), nor could any such differences be identified 
with regard to morphine pumps (χ²=4.586; df=2; 
p=0.101). The variables of ‘highest level of education 
completed in nursing’ and ‘number of reported inci-
dents’ were not statistically significant for the three 
technologies investigated. More descriptive statistics 
in relation to Category A and B nurses can be found in 
the online supplementary file.

effects of incidents on patient outcomes
The near misses that occurred involving the three AMTs 
did not, by definition, cause any harm to the patient. 
With regard to the adverse events, 89.5%–100% led 

to either no harm or mild harm (see table 4). Patients 
suffered from moderate harm from infusion therapy 
(6.3%) and from morphine pumps (5.3). Severe harm 
as a result of an adverse event only ever occurred when 
using morphine pumps (5.3%).

Actions taken following incidents
In cases of an incident (n=130; 10 missing), 83.8%–
95.3% of the nurses had taken one or more actions to 
discuss the event (see table 5). When they had taken 
action, they most often discussed the incidents with 
colleagues in their team (60.0%–80.5%). Regarding 
morphine pumps and infusion therapy, 14.6%–18.5% 
of the nurses made a formal report according to the 
organisation’s protocol, whereas none of the respond-
ents formally reported an incident involving parenteral 
nutrition. Also, a considerable proportion of nurses 
had taken other actions following incidents involving 
infusion. ‘Other actions’ are cited as discussion with 
the colleague concerned; reporting to the pharma-
cist, the supplier or the manufacturer of the device; a 
report in the patient files or fixing the problem.

In cases of an incident, 4.7%–16.7% of the nurses 
had taken no action to discuss the event. Respondents 
did not do this for ‘other’ reasons than those listed on 
the registration form with regard to parenteral nutri-
tion and morphine pumps (100%); and for infusion 
therapy (60.0%). They indicated that ‘other’ covered 
a one- time or well- known problem; prompt action 
was taken to resolve the problem and there were no 
adverse outcomes for the patient.

dIscussIon
This study identified incidents (adverse events and near 
misses) involving the use of infusion therapy, paren-
teral nutrition and morphine pumps in home care. As 
an average over these three AMTs, we found that most 
incidents were primarily related to the product (43.6%). 
Next, we found the organisation of care to be the second 
main category (27.9%), followed by human factors 
involving the nurse as a user (15.7%) and, to a lesser 
extent, the environment (12.9%). A retrospective review 
of on- call logs that found that 44% of incidents involving 
home mechanical ventilation were due to device failure 
and 18% to user error18 is in line with the average results 
of our study. In addition, our study showed that 11.4% 
of the incidents were related to medication, either by 
incorrect medication preparation, administration or 
delivery (7.9%) under the main category ‘Product’ or 
an incorrect calculation of medication (3.6%) under the 
main category ‘Human factors: yourself as a user’. This 
rate is much lower than the 21.5% found in a published 
chart review of adverse events among home care 
clients.19 However, that study did not focus on medical 
devices whereas our study did.

We found that significantly more incidents are regis-
tered by specialised nurses (Category A) when using 
infusion therapy than by nurses (Category B), the latter 
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Table 4 Degrees of harm of adverse events and near misses in the patient per AMT, according to the WHO (n=131; nine missing)

Degree of harm according to the WHO’s 
International Classification for Patient 
Safety3

         Technology

Infusion therapy Parenteral nutrition Morphine pumps

Adverse 
events n (%)

Near misses 
n (%)

Adverse 
events n (%)

Near misses 
n (%)

Adverse 
events n (%)

Near misses
n (%)

None
Patient outcome is not symptomatic, or no 
symptoms detected and no treatment is required.

19 (59.4) 43 (100) 3 (75.0) 8 (100) 11 (57.9) 25 (100)

Mild
Patient outcome is symptomatic, symptoms 
are mild, loss of function or harm is minimal or 
intermediate but short term, and no or minimal 
intervention (eg, extra observation, investigation, 
review or minor treatment) is required.

11 (34.4) 0 (0) 1 (25.0) 0 (0)   6 (31.6) 0 (0)

Moderate
Patient outcome is symptomatic, requiring 
intervention (eg, additional operative procedure, 
additional therapeutic treatment), an increased 
length of stay, or causing permanent or long- term 
harm or loss of function.

2 (6.3) 0 (0) 0 (0) 0 (0)   1 (5.3) 0 (0)

Severe
Patient outcome is symptomatic, requiring life- 
saving intervention or major surgical/medical 
intervention, shortening life expectancy or causing 
major permanent or long term harm or loss of 
function.

0 (0) 0 (0) 0 (0) 0 (0) 1 (5.3) 0 (0)

Death
On balance of probabilities, death was caused or 
brought forward in the short term by the incident.

0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Total 32 (100) 43 (100) 4 (100) 8 (100) 19 (100) 25 (100)
  (n=75) (n=12) (n=44)
AMT, advanced medical technology.

Table 5 Actions taken to discuss the incident (n=130; 10 missing)

Actions taken

        Technology

Infusion therapy
n (%)

Parenteral nutrition
n (%)

Morphine pumps
n (%)

Yes 65 (86.7) 10 (83.8) 41 (95.3)
No 10 (13.3) 2 (16.7) 2 (4.7)
Total 75 (100) 12 (100) 43 (100)
Specification Yes (multiple answers possible)
  Discussed it with colleagues in the team 43 (66.2) 6 (60.0) 33 (80.5)
  Discussed it with the direct supervisor 5 (7.7) 0 (0) 4 (9.8)
  Discussed it with the patient and/or the informal caregiver(s) 39 (60.0) 6 (60.0) 13 (31.7)
  Discussed it with the attending physician 14 (21.5) 0 (0) 9 (22.0)
  Made a formal report according to the protocol of the organisation 12 (18.5) 0 (0) 6 (14.6)
  Other 27 (41.5) 2 (20.0) 18 (43.9)
Specification No (multiple answers possible)
  Lack of time 0 (0) 0 (0) 0 (0)
  Don’t know which action(s) I should take or how 1 (10.0) 0 (0) 0 (0)
  Don’t know whether the event is worth reporting or discussing 4 (40.0) 0 (0) 0 (0)
  Don’t know the potential consequences with regard to liability 1 (10.0) 0 (0) 0 (0)
  Fear of sanctions or punishment against me 0 (0) 0 (0) 0 (0)
  Other 6 (60.0) 2 (100) 2 (100)
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usually performing various care tasks for patients at 
home, including care involving AMTs if necessary. 
However, this does not necessarily mean that more 
incidents occur for Category A nurses. Specialised 
nurses may sooner recognise an event as an incident, 
although in our study, no such difference was detected 
in relation to parenteral nutrition or morphine pumps.

The majority of the adverse events in our study 
(60%) did not cause any harm to the patient, one- third 
caused mild harm, and 7.3% moderate to severe harm. 
It is important to note that the effects of incidents 
on patient outcomes is a short- term estimate and the 
long- term effects are unknown. Furthermore, it is not 
yet clear what aspects cause the degree of harm and 
this cannot be explained from the current data. There-
fore, additional research into the causes of harm and 
how such harms can be prevented is essential.

In about 90% of the incidents, nurses took action to 
discuss the event. Incidents were mainly discussed within 
the team (70.7%), with the patient and/or informal care-
giver(s) (50%) or other actions were taken (40.5%). 
Although a large proportion of nurses took action 
following incidents, only a small proportion (15.5%) 
formally reported the event according to the organisa-
tion’s protocol. These results mirror other studies into 
inpatient care that showed significant under- reporting 
of incidents involving AMTs. Further research is needed 
to explore the reasons why home care nurses often fail 
to formally report. Nevertheless, it can be concluded 
that there is a high- quality awareness among home care 
nurses, because various actions are taken. It can also be 
concluded that there is a discrepancy in quality circles: 
there is an implicit professional safety culture in which 
learning takes place more at the team level than formally 
at the organisational level.

One strength of this study is that it fills a gap in the 
research into risk management and patient safety by 
exploring the experiences of nurses in using AMTs in 
home care. The study is also based on a representative 
sample, a high response rate of more than 53% for both 
instruments and includes a large number of patient 
contacts. This means that the findings can be generalised 
to a national picture for the Netherlands and that those 
findings provide a reliable insight into the practice of 
home care regarding the use of AMTs. Categories on the 
registration form are based on those recommended in 
the literature, which contributes to the study’s validity. 
However, those categories are based on the hospital 
setting and not yet on the home setting. Previous 
research has shown that actual figures for the number 
of medical technologies used in outpatient practice were 
not available.27 Our study provides more detail about 
the extent to which certain AMTs are used in home care.

This study also has some limitations. Participation 
was on a voluntary basis. It is possible that those who 
participated were nurses with a particular interest in 
patient safety or who are particularly critical or reflec-
tive, although the results do not suggest that. However, 

it appears that nurses are critical to widely varying 
degrees: some registered an incident after almost 
every shift, repeatedly identifying the same issue, but 
some never registered an incident. The question arises 
whether all nurses correctly recognise an event as an 
incident and, if they do, whether it is associated with 
an AMT. A more valid method would be to observe 
nurses in their use of AMTs, but that would be chal-
lenging to organise in home care. Another limitation 
is that a self- report registration form was used, which 
inevitably involves subjectivity and implies inherent 
bias. Respondents could provide what they considered 
to be socially acceptable answers in favour of them-
selves, their organisation or their profession.

Nevertheless, the results contribute to the develop-
ment of the nursing profession and of risk management 
within home healthcare organisations. It is likely that 
the results can be generalised to a broader international 
perspective for other industrialised countries. This 
study only focused on three AMTs. In the future, more 
technologies will be introduced to the home setting, 
especially e- health and telemonitoring. The absolute 
number of incidents may well increase as a result, as 
will the variety of such events. Home care nurses will 
need further training to better recognise incidents. It 
is worth considering reinforcing safety management at 
the team level rather than at the organisational level. 
It is also advisable to involve other professionals more 
in the quality circle, such as pharmacists and device 
manufacturers. In the future, AMTs will increasingly 
be developed as much for the home care setting as for 
hospital care. More research is needed into how more 
control can be realised over product- related technical 
defects and human aspects in the event of an incident, 
and the most effective quality circle in home care to 
help minimise patient harm.

conclusIon
This study has identified the most frequent incidents in 
the use of three AMTs by nurses in home care settings 
in the Netherlands, the effects on patient outcomes 
and which actions are taken by nurses following iden-
tification of incidents. Most incidents are related to the 
product and most incidents involve infusion therapy, 
although morphine pumps come close. Most events 
have no consequences for the patient. However, a signif-
icant proportion of patients suffer some degree of harm. 
This study has also revealed that, as in institutionalised 
care, there is considerable under- reporting of incidents 
involving AMTs in home care. The results fill a gap in 
the research into risk management and patient safety in 
the use of AMTs in home care by nurses and contribute 
to the literature on this topic.
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Appendix 1. Questionnaire home care nurses 
 

 

 

 

What is your respondent number: …………….. 
 

 

Date:         …………….. 
 

 

What is your age? ……………..  year 

 

 

What is your gender?  

0 female 

0 male 

 

 

What is the highest level of education in nursing that you have completed? 

0 in-service education 

0 secondary vocational education 

0 higher professional education with a bachelor degree 

0 other, namely …………………….. 
 

 

Which extra or specialized education in nursing have you possibly completed? 

 

………………………………………………………………………………………………. 
 

 

What is the scope of your employment in FTE (rounded)?  

0 0,1 FTE 

0 0,2 FTE 

0 0,3 FTE 

0 0,4 FTE 

0 0,5 FTE 

0 0,6 FTE 

0 0,7 FTE 

0 0,8 FTE 

0 0,9 FTE 

0 1  FTE 
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Which situation is most applicable to your work? 

 

O I work as a nurse who usually performs various tasks of care for patients at home, including the 

care with advanced medical technologies (such as infusion therapy, parenteral nutrition or 

morphine pumps) if necessary. 

O I work as a specialized nurse who performs specific tasks for patients at home using advanced 

medical technologies. 

 

 

 

How many years of practical experience do you have in total (in inpatient and outpatient care) with 

regard to the use of the following medical technologies, regardless of the type: 

 

 Never used it Less than 6 

months 

6-12 months 1-2 year More than 2 

years 

Infusion therapy 0 0 0 0 0 

Parenteral nutrition 0 0 0 0 0 

Morphine pump 0 0 0 0 0 

 

 

 

How often do you use the following medical technologies on average in home care? 

(almost) daily = (almost) every shift  

 

 (Almost) 

daily/(almost) 

every shift 

Several 

times a 

month 

A few times 

every six 

months 

Several 

times a year 

Less than 

once a year 

Never 

used it 

Infusion 

therapy 

0 0 0 0 0 0 

Parenteral 

nutrition 

0 0 0 0 0 0 

Morphine 

pump 

0 0 0 0 0 0 

 
 

 

To what extent do you consider yourself competent of using the following medical technologies safely in 

the home setting? 

  

 Very competent Sufficiently 

competent 

Insufficiently 

competent 

Very incompetent 

Infusion therapy 0 0 0 0 

Parenteral nutrition 0 0 0 0 

Morphine pump 0 0 0 0 
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Appendix 2  Registration form incidents involving medical technologies 
 

To be completed per day, at the end of the shift. 

 

 

 

Date:      
 

 

Your respondent number:  

 
  

 

Starting time of the shift today:     (rounded off to a quarter 

     e.g. 8.00, 10.15, 17.45, 20.30) 
 

 

End time of the shift today:  (rounded off to a quarter

     e.g. 8.00, 10.15, 17.45, 20.30) 
 

 
 

 

How many patients have you seen today during the above shift?   

 

 

Which of the medical technologies below did you work with during the above shift and how many patients did 

you use it with? (multiple answers possible) 

 

Tick, technologies used with regard to: Used with number of patients: 

□   Infusion therapy   

□   Parenteral nutrition  

□   Morphine pump  

OR 

□   I have not used any of these technologies today  You do not have to fill in anything else 

 

 

 
 

During your shift today, has there been an incident with one of the above medical technologies, where you 

were the user of the technology?  

 

Tick Description  

□   No  
 

 You do not have to fill in anything else 

□   Yes, an adverse event incident reaching the patient, whether 

or not causing harm to the patient 

 

Continue with the questions on the 

backside □   Yes, a near miss incident not reaching the patient, 

causing no harm to the patient (e.g. 

because it was discovered in time) 
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Fill in the questions below per adverse event or near miss. 
 

If more than one adverse event or near miss with the medical technologies occurred during today’s shift and where 
you were the user, take a new registration form per adverse event/near miss and complete both the front and the 

other pages. 
 

 

Medical technology with which the adverse event/near miss occurred and for which you further complete the 

following questions:  

Tick, technology with regard to: 

□ Infusion therapy 

□ Parenteral nutrition 

□ Morphine pump 

 

 

Time of the adverse event/near miss: (rounded off to a quarter 

 e.g. 8.00, 10.15, 17.45, 20.30) 

   

What is the main cause to which the adverse event/near miss is related (one answer): 
 
 

Tick Tick Optional explanation 

□   Product  
        device itself 

□ technical defect of the device 

□ correct device not present or device component(s) missing 

□ manual unclear, incomplete, not available or unsuitable for the home 

situation 

□ device unsuitable for the home situation, because ……………… 

□ incorrect medication preparation, administration or delivery 

□ other, namely ………………………………………………………….…….…………… 

 

□  Environment □ climate in the room (e.g. temperature, humidity, lightning, noise) 

□ hygiene of the room 

□ room too small 

□ presence of children 

□ presence of pets 

□ power failure or interference with other electrical devices 

□ incorrect use by patient and/or informal caregiver(s) 

□ other, namely …………………………………………………………………………….. 

 

□  Organization      

       of care 
□ unclear tasks, responsibilities and/or authorizations  

□ error or hand over error by a colleague or other healthcare 

professional 

□ poor maintenance of the device, including cleaning 

□ other, namely …………………………………………………………………………….. 

 

□  Human 

factors: 

yourself as a 

user  

         

□ insufficient knowledge/skills regarding the use of the device 

□ stress or fatigue 

□ inattention or error 

□ failure in situational awareness 

□ incorrect calculation of medication 

□ other, namely ……………………………………………………………………………. 
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Consequences of the adverse event/near miss for the patient (one answer): 

 

Tick 

Degree of harm 

Description 
 

□   None Patient outcome is not symptomatic, or no symptoms detected and no treatment is 

required. 

□   Mild harm Patient outcome is symptomatic, symptoms are mild, loss of function or harm is minimal 

or intermediate but short term, and no or minimal intervention (eg. extra observation, 

investigation, review or minor treatment) is required. 

□   Moderate harm Patient outcome is symptomatic, requiring intervention (eg. additional operative 

procedure, additional therapeutic treatment), an increased length of care, or causing 

permanent or long-term harm or loss of function. 

□   Severe harm Patient outcome is symptomatic, requiring life-saving intervention or major 

surgical/medical intervention, shortening life expectancy or causing major permanent or 

long term harm or loss of function. 

□   Death On balance of probabilities, death was caused or brought forward in the short term by 

the incident. 

Degrees of harm according to the World Health Organization’s International Classification for Patient Safety[4] 

 
 

Have you taken action(s) to discuss the adverse event/near miss? 
 

 (multiple answers possible) Optional explanation 

□  Yes, namely □ discussed it with colleagues in the team 

□ discussed it with the direct supervisor 

□ discussed it with the patient and/or informal caregiver(s) 

□ discussed it with the attending physician 

□ made a formal report according to the protocol of the 

 organization 

□ other, namely …………………………………………………………… 

 

    OR 
 (multiple answers possible)  

□  No, because □ lack of time 

□ don’t know which action(s) I should take or how 

□ don’t know whether the event is worth reporting or 
 discussing 

□ don’t know the potential consequences with regard to 
 liability 

□ fear of sanctions or punishment against me 

□ other, namely …………………………………………………………… 

 

 

 

Were there any adverse events or near misses with other medical technologies than the three indicated during you 

shift today? 
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Descriptive statistics of incidents and actions taken by Nurses Category A and B. 
 

 

 

Table 1 Incidents reported by nurses category A and B, per technology (n=181) 

 

 
 
 

Incidents 

Infusion therapy Parenteral nutrition Morphine pump 

A B A B A B 

n (%) n (%) n (%) n (%) n (%) n (%) 

0 78 (69.0) 63 (92.6) 104 (92.0) 66 (97.1) 89 (78.8) 60 (88.2) 

1 14 (12.4) 4 (5.9) 8 (7.1) 2 (2.9) 18 (15.9) 8 (11.8) 

2 or more 21 (18.6) 1 (1.5) 1 (0.9) 0 (0.0) 6 (5.3) 0 (0.0) 

Total 113 (100) 68 (100) 113 (100) 68 (100)  113 (100) 68 (100) 
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Table 2 Types of incidents reported by nurses category A and B, per technology (n=129) 

 

 
 
 
Incidents mainly attributed to 

Infusion therapy Parenteral 

nutrition 

Morphine pump 

A B A B A B 

n (%) n (%) n (%) n (%) n (%) n (%) 

Product 32 (46.4) 4 (57.1) 6 (60.0) 0 (0,0) 10 (30.3) 6 (75.0) 

Technical defect in the device 12 (17.4) 2 (28.6) 5 (50.0) 0 (0.0) 5 (15.2) 5 (62.5) 

Correct device not present or device 

component(s) missing 

10 (14.5) 1 (14.3) 0 (0.0) 0 (0.0) 2 (6.1) 0 (0.0) 

Manual unclear, incomplete, not available 

or unsuitable for the home situation 

0 (0.0) 1 (14.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Device unsuitable for the home situation, 

because ……… 

1 (1.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Incorrect medication preparation, 

administration or delivery 

5 (7.2) 0 (0.0) 1 (10.0) 0 (0.0) 3 (9.1) 1 (12.5) 

Other, namely ……………………………… 4 (5.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Environment 8 (11.6) 2 (28.6) 1 (10.0) 0 (0.0) 3 (9.1) 0 (0.0) 

Climate in the room (e.g. temperature, 

humidity, lighting, noise) 

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.0) 0 (0.0) 

Hygiene of the room 1 (1.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Room too small 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Presence of children 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Presence of pets 0 (0.0) 0 (0.0) 1 (10.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Power failure or interference with other 

electrical devices 

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Incorrect use by patient and/or informal 

caregiver(s) 

6 (8.7) 1 (14.3) 0 (0.0) 0 (0.0) 1 (3.0) 0 (0.0) 

Other, namely ………………………………… 1 (1.4) 1 (14.3) 0 (0.0) 0 (0.0) 1 (3.0) 0 (0.0) 

Organization of care 19 (27.5) 1 (14.3) 3 (30.0) 1 (50.0) 11 (33.3) 1 (12.5) 

Unclear tasks, responsibilities and/or 

authorizations 

3 (4.3) 0 (0.0) 1 (10.0) 1 (50.0) 2 (6.1) 0 (0.0) 

Error or transfer error by a colleague or 

other healthcare professional 

13 (18.8) 1 (14.3) 2 (20.0) 0 (0.0) 8 (24.2) 1 (12.5) 

Poor maintenance of the device, including 

cleaning 

2 (2.9) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Other, namely ……………………………… 1 (1.4) 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.0) 0 (0.0) 

Human factors: Yourself as a user 10 (14.5) 0 (0.0) 0 (0.0) 1 (50.0) 9 (27.3) 1 (12.5) 

Insufficient knowledge/skills regarding the 

use of the device 

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.0) 0 (0.0) 

Stress or fatigue 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Inattention or error 7 (10.1) 0 (0.0) 0 (0.0) 1 (50.0) 4 (12.1) 1 (12.5) 

Failure in situational awareness 1 (1.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Incorrect calculation of medication 1 (1.4) 0 (0.0) 0 (0.0) 0 (0.0) 4 (12.1) 0 (0.0) 

Other, namely …………………………… 1 (1.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Total 69 (100) 7 (100) 10 (100) 2 (100) 33 (100) 8 (100) 
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Table 3 Actions taken by nurses category A and B to discuss or reveal incidents, per technology 

(n=119, 10 missing) 

 

 

 

Actions taken 

Infusion therapy Parenteral 

nutrition 

Morphine pump 

A B A B A B 

n (%) n (%) n (%) n (%) n (%) n (%) 

Yes  56 (86.2) 5 (83.3) 8 (80.0) 1 (100) 28 (93.3) 7 (100) 

No 9 (13.8) 1 (16.7) 2 (20.0) 0 (0.0) 2 (6.7) 0 (0.0) 

Total 65 (100) 6 (100) 10 (100) 1 (100) 30 (100) 7 (100) 

Specification Yes  

(multiple answers possible) 

      

Discussed it with colleagues in the team 36 (64.3) 5 (100) 6 (75.0) 0 (0.0) 23 (82.1) 5 (71.4) 

Discussed it with the direct supervisor 5 (8.9) 0 (0.0) 0 (0.0) 0 (0.0) 2 (7.1) 0 (0.0) 

Discussed it with the patient and/or the 

informal caregiver(s) 

34 (60.7) 2 (40.0) 4 (50.0) 1 (100) 7 (25.0) 2 (28.6) 

Discussed it with the attending physician 12 (21.4) 1 (20.0) 0 (0.0) 0 (0.0) 8 (28.6) 0 (0.0) 

Made a report according to the protocol 

of the organization 

12 (21.4) 0 (0.0) 0 (0.0) 0 (0.0) 5 (17.9) 1 (14.3) 

Other, namely ……………………………… 25 (44.6) 1 (20.0) 2 (25.0) 0 (0.0) 8 (28.6) 6 (85.7) 

Specification No  

(multiple answers possible) 

      

Lack of time 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Don’t know which action(s) I should take 
or how 

1 (11.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Don’t know whether the event is worth 
reporting or discussing 

4 (44.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Don’t know the potential consequences 

with regard to liability 

1 (11.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Fear of sanctions or punishment against 

me 

0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Other, namely …………………………….. 5 (55.6) 1 (100) 2 (100) 0 (0.0) 2 (100) 0 (0.0) 
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