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Abstract

Background: The number of medical technologies used in home settings has increased substantially over the last
10–15 years. In order to manage their use and to guarantee quality and safety, data on usage trends and practical
experiences are important. This paper presents a literature review on types, trends and experiences with the use of
advanced medical technologies at home.

Methods: The study focused on advanced medical technologies that are part of the technical nursing process and
‘hands on’ processes by nurses, excluding information technology such as domotica. The systematic review of
literature was performed by searching the databases MEDLINE, Scopus and Cinahl. We included papers from 2000
to 2015 and selected articles containing empirical material.

Results: The review identified 87 relevant articles, 62% was published in the period 2011–2015. Of the included
studies, 45% considered devices for respiratory support, 39% devices for dialysis and 29% devices for oxygen therapy.
Most research has been conducted on the topic ‘user experiences’ (36%), mainly regarding patients or informal caregivers.
Results show that nurses have a key role in supporting patients and family caregivers in the process of homecare with
advanced medical technologies and in providing information for, and as a member of multi-disciplinary teams. However,
relatively low numbers of articles were found studying nurses perspective.

Conclusions: Research on medical technologies used at home has increased considerably until 2015. Much is already
known on topics, such as user experiences; safety, risks, incidents and complications; and design and technological
development. We also identified a lack of research exploring the views of nurses with regard to medical technologies for
homecare, such as user experiences of nurses with different technologies, training, instruction and education of nurses
and human factors by nurses in risk management and patient safety.
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Background
As a result of demographic changes and the rapidly in-
creasing number of older patients, there is a need for cost
savings and health reforms, which include an increased
move from inpatient to outpatient care in most industrial-
ized countries over the last 10–15 years [1, 2]. As a conse-
quence, the transfer of advanced medical devices into
home settings was considerable and it is expected that
there will be a further increase in the near future [1–7].
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When ‘an increase’ in the number of medical tech-
nologies used at home is mentioned, it is not clear which
and how many technologies are involved. Today, there
are an estimated 500,000 different kinds and types of
medical devices available on the world market [8, 9].
The European Commission (EC) publishes data regard-
ing legislation and regulations for medical devices, but
the actual figures for medical technologies in outpatient
practice are not available [10]. The U.S. National Center
for Health Statistics (NCHS) stated that technologies
have shifted from hospitals into the home, but it too
does not illustrate its findings with statistics [11]. We
searched for data with regard to the actual number of
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medical technologies used in home settings and it
proved difficult to find any systematic data sets available
throughout the international landscape.
An important condition for the application of medical

technology in the home setting is that quality of care
and patient safety must be guaranteed [6]. From a his-
torical perspective medical technologies were designed
for hospital settings [12, 13]. This means that specific
factors regarding the implementation and use at home
now need to be taken into account [7, 14, 15]. In gen-
eral, risks with medical technologies can be classified re-
garding (a) environmental factors; (b) human factors and
(c) technological factors [16]. Human factors, however,
are very important in patient safety in both hospital and
in home settings [1, 6, 12]. For example, a major risk
factor is the number of users and handovers in the chain
of care. In home settings, a sometimes impressive num-
ber of different users of medical technology, often with
various levels of training, instruction or education, are
involved. Although patient empowerment moves control
to the patient and/or relatives, an important user group
is that of professional nurses. Understanding user expe-
riences and information about adverse events and near
incidents are important aspects for developing know-
ledge regarding implementation and use in home care
setting. Sharing this knowledge can support patients and
caregivers, and especially nurses in their professional
work and will also contribute to patient safety and qual-
ity of care.
Therefore, there is a need to address the question first,

which types of technologies are used at home; second,
how frequently are they used and third, what trends can
be distinguished. Additional research questions are
whether there are any scientific data regarding particular
user experiences; training, instruction and education;
safety and risks, and finally, what can be concluded
about the role of nurses in using medical technologies in
the home environment. The objective of this paper
therefore is to present a systematic literature search on
the international state of art concerning various aspects
of the use of advanced medical technologies at home.

Definitions
First, we want to clarify some definitions. In general,
‘health technology’ refers to the application of organized
knowledge and skills in the form of devices, medicines,
vaccines, procedures and systems developed to solve a
health problem and improve quality of life [17]. The
World Health Organization [8] uses the definition of
‘medical device’ as ‘An article, instrument, apparatus or
machine that is used in the prevention, diagnosis or
treatment of illness or disease, or for detecting, measur-
ing, restoring, correcting or modifying the structure or
function of the body for some health purpose …….’. A
specification for a home use medical device is: ‘A med-
ical device intended for users in any environment
outside of a professional healthcare facility. This includes
devices intended for use in both professional healthcare
facilities and homes’ [18].
The landscape of medical devices is diverse with tech-

nologies varying from relatively simple to very complex
devices. Wagner et al. [19] stated that ‘high-tech
dependency’ (for children) matches with ‘technology-de-
pendency’ if it concerns ‘a medical device to compensate
for the loss of a vital bodily function and substantial and
ongoing nursing care to avert death or further disability’.
‘The needs of these patients may vary from the continu-
ous assistance of a device and highly trained caretaker to
less frequent treatment and intermittent nursing care’
[20]. Although patients dependent of advanced medical
technologies at home are often medically stable, they
sometimes have high technical needs and may be
expected to need long-term recovery. They also require
skilled nursing [21] and a considerable degree of ad-
vanced decision making, planning, training and oversight
[22]. An overall definition of ‘advanced medical technol-
ogy’ is: ‘Medical devices and software systems that are
complex, provide critical patient data, or that directly
implement pharmacologic or life-support processes
whereby inadvertent misuse or use error could present a
known probability of patient harm’ [23]. Examples of ad-
vanced medical technologies used at home include venti-
lators for respiratory support, systems for haemo- or
peritoneal dialysis and infusion pumps to provide nutri-
tion or medication.
In the Netherlands, the National Institute for Public

Health and the Environment (RIVM) [24] uses the fol-
lowing definition:
Advanced medical technology or high-tech technology

in the home setting is defined as technology that is
part of the technical skills in nursing and meets the
following conditions:

� technology that is advanced or high-tech, for example
equipment with a plug, an on/off switch, an alarm
button and a pause button;

� technology that had been applied formerly only in
hospital care, but that is now also often applied in
home settings;

� technology that can be categorized as ‘supporting
physiological functions’, ‘administration’ or
‘monitoring’.

Within the Dutch classification of advanced medical
technologies 19 different devices are identified (see
Table 1), which will be used in this review as a basis to
categorize the technologies. It is a classification format
in which specific advanced technologies are defined.



Table 1 Classification of advanced medical technologies in the
Netherlands according to the National Institute for Public Health
and the Environment (RIVM) [24]

Technologies with regard to:

Supporting physiological functions:

1. Respiratory support

2. Sleep apnea treatment

3. Suction devices

4. Oxygen therapy

5. Dialysis

6. Vacuum assisted wound closure

7. Decubitus treatment

8. External electrostimulation

9. Continuous passive motion

10. Skeletal traction

11. Patient lifting hoists

Administration:

12. Infusion therapy

13. Insulin pump therapy

14. Parenteral nutrition

15. Enteral nutrition

16. UV therapy

17. Nebulizer

Monitoring:

18. Fetal cardiotocography

19. Respiratory and circulatory monitoring
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Terms as ‘advanced medical technology’ (from now on
abbreviated as AMT) will be used consistently as syno-
nyms for ‘complex medical technology’ and ‘high-tech
medical technology’. The term ‘technology’ will be used
in the meaning of ‘device’ or ‘equipment’. The target is
on technologies that are instrumental and ‘hands on’ use
by nurses in the care for patients. This means that infor-
mation technology (IT) based technologies as domotica
(automation for a home) are not part of the study.

Methods
Eligibility and search strategy
The systematic review of the literature was conducted
early 2016. Key concepts for the review were ‘medical
technologies’ or ‘medical devices’, and ‘home settings’.
The concept of ‘home settings’ is related to the terms
‘home nursing’ and ‘home care service’, of which the
stem is ‘home’. Combining the key concepts provided
the search string: (‘medical technology’ OR ‘medical
device’). As domotica is not part of the study, the search
string was extended with: AND NOT (eHealth OR
telecare OR telemedicine). The exact search string is
(“medical technology” OR “medical devices”) AND home
AND NOT (ehealth OR telecare OR telemedicine).
Online databases MEDLINE, Scopus and Cinahl were
searched electronically using the search string to
obtain data.

Inclusion and exclusion criteria
Criteria for selection were defined prior to the search
process. General criteria for inclusion were:

– Year of publication: 2000–2015.
– An abstract or an article (with or without abstract)

has to be available, containing reference to AMT
information.

– The article is published in English, German, French
or Dutch/Flemish language.

– If medical technology is cited, it has to conform to
the definition of ‘advanced medical technology’ [24].

– The abstract or the article has to contain empirical
material. For the purpose of this review, ‘empirical
material’ has been defined as: AMT which is designed
for the home setting, or where the design or choices
took into account the setting of the home, or where
the medical technology has been tested for the home
or if the medical technology is already on the market
and being used in the home setting.

For further selection, inclusion criteria related to the
key concepts for title and abstract were applied, such as
‘advanced medical technology’, ‘high-tech medical tech-
nology’, ‘home-centred health-enabling technology’ and
‘care at home’. The classification of the RIVM (see Table
1) has been taken as a basis to categorize technologies in
this review. Domotica and telemonitoring technologies
scored under ‘monitoring’, such as fetal cardiotocogra-
phy, and respiratory and circulatory monitoring, were
left out. If the abstract or article was about electronic
health records, ‘smart home’, ambient intelligence, perva-
sive computing, software of devices, smartphone or
surgical robots, the article was also removed from selec-
tion. Technologies as ‘VAD (ventricular assist device)’,
‘dental devices’ and ‘AED (automatic external defibrilla-
tor)’ were not seen as part of the technical nursing
process and these records were left out as well. Studies
conducted in the hospital, hospice or nursing home set-
tings were also excluded. An overview of all inclusion
and exclusion criteria can be found in Table 2.

Screening process
The search in the online databases using the search
string, identified a total of 1287 references. After check-
ing for duplicates, 1070 articles remained. Those articles
were reviewed by a reviewer for titles and abstracts on
basis of the inclusion and exclusion criteria. A double
check was performed by two reviewers, who



Table 2 Inclusion and exclusion criteria for title and abstract
and/or

Inclusion Exclusion

Title Advanced medical
technology (−ies)
Medical technology (−ies)
Medical device(s)
High-tech medical
technology (−ies)
High-tech home care
Home
Homecare
Home health care
Home-based care
Home-based
technology (−ies)
Home-centered health-
enabling technology (−ies)
Care at home
Care in the home
AND
Inclusion criteria for abstract
below

eHealth
Telehealth
Telenursing
Telemedicine
Telemedical system
Telehomecare
Telecare
Teleconsultation
Ambient assisted
environment
iPad technology
VAD (ventricular assist
device)
Dental devices
ECG (electrocardiogram)
AED (automatic external
defibrillator)
Hospital
Hospice
Nursing home

Abstract
and/or
article

Year of publication: 2000–2015
1. Respiratory support (RIVM)

Respirator
Respiratory support
Respiratory therapy
Ventilator
Ventilator-assisted
Mechanical ventilation
Support ventilation
Invasive ventilation
Non-invasive ventilation
Non-invasive mechanical
ventilation
Continuous positive
airway pressure (CPAP)
Bilevel positive airway
pressure (BPAP, BiPAP)
Negative pressure
ventilation (NVP)
Mechanical in-exsufflation

2. Sleep apnea treatment (RIVM)
Sleep apnea treatment device
(Positive) airway pressure
device (PAP)

3. Suction devices (RIVM)
Suction machine
Suction apparatus
Airway suction device
Digital suction
Mucus removal

4. Oxygen therapy (RIVM)
Oxygen therapy
Long-term oxygen cylinder
Long-term oxygen ventilator
Supplemental oxygen
Oxygen conserver
Oxygen concentrator
Oxygen tank

5. Dialysis (RIVM)
Haemo dialysis
Hemo dialysis
Peritoneal dialysis
Peritoneal catheter
drainage system
Peritoneal automatic
delivery system

- If no abstract and no
article available
- If the title is in English,
but the article is written
not in English, German,
French or Dutch/ Flemish.
- If about medical
technologies, but not
about the application in
the setting of the home.
- If the abstract or article
contains no empirical
material. For the purpose
of this review, ‘empirical
material’ is defined as:
• medical technology
which is designed for
the home setting, or
• where the design or
choices took into
account the setting of
the home, or
• where the medical
technology has been
tested for the home and
• if the medical
technology is already on
the market or being used
in the home setting.
- If the abstract or article
is about:
• electronic health records
• ‘smart home’
• ambient intelligence
• pervasive computing
• software of devices
• smart phone
• (surgical) robots
- If not conform the
definition of RIVM (2013,
page 15) of ‘complex
medical technology’.
Advanced medical
technology or high-tech
technology in the home
setting is defined as

Table 2 Inclusion and exclusion criteria for title and abstract
and/or (Continued)

Inclusion Exclusion

CAPD (Continuous Ambulatory
Peritoneal Dialysis)
APD (Automated
Peritoneal Dialysis)
Dialysis machine
Sorbent dialysis

6. Vacuum assisted wound
closure (RIVM)
Negative-pressure wound
therapy system
VAC- therapy
NPWT
Vacuum assisted wound
closure

7. Decubitus treatment (RIVM)
Pressure ulcer treatment
Decubitus treatment
Decubitus mattress
Pressure relief mattress

8. External electrostimulation
(RIVM)
(External) electrostimulation
Electrical stimulation
TENS
Nerve stimulation
Transcutaneaous electrical
stimulation to treat
slow-transit constipation

9. Continuous passive motion
(RIVM)
Continuous passive motion
Motion therapy

10.Skeletal traction (RIVM)
(Skeletal) traction
Tension

11.Patient lifting hoists (RIVM)
Patient lift
Patient hoist
Transfer device

12. Infusion therapy (RIVM)
Infusion pump
Infusion therapy
Central venous catheter
Central venous line
Port a cath
PICC (perifally inserted
central catheter)
Intravenous medication
Intravenous therapy
Intravenous chemotherapy
Analgesia pump
PCA-pump (patient controlled
analgesia pump)
Indwelling venous catheter

13. Insulin pump therapy (RIVM)
Insulin pump therapy
Insulin infusion

14. Parenteral nutrition (RIVM)
Parenteral nutrition
Parenteral feeding
Intravenous nutrition

15. Enteral nutrition (RIVM)
Enteral nutrition
Tube feeding / feeding tube
Feeding pump
Enteral feeding

technology that is part of
the technical skills in
nursing and meets the
following conditions:
• technology that is
advanced or high-tech, i.e.
equipment with a plug, a
switch on/off button, alarm
button, pause button etc.;
• technology that had been
applied formerly in hospital
care (‘intramural’), but that
is applied also often in
home settings nowadays;
• technology that can be
categorized as ‘supporting
physiological functions’,
‘administration’ or
‘monitoring’.
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Table 2 Inclusion and exclusion criteria for title and abstract
and/or (Continued)

Inclusion Exclusion

PEG-tube (percutaneous
endoscopic gastrostomy)
PEGJ-tube (percutaneous
endoscopic gastrostomy,
jejeunum)
Percutaneous gastrostomy
tube
Jejeunostomy tube
Gastrostomy feeding

16. UV therapy (RIVM)
UV therapy
Ultraviolet therapy
Phototherapy

17. Nebulizer (RIVM)
Nebulizer

18. Fetal cardiotocography
(RIVM)
Electronic fetal
monitoring
Fetal monitoring
Cardiotocography

19. Respiratory and
circulatory monitoring
(RIVM)
Capnography
Respiratory monitoring
Circulatory monitoring
Pulse oximeter
Electrocardiography
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independently screened random samples of 20% of the
articles. There was an initial agreement of 88%. In case
of disagreement about the inclusion of an article, the
decision was based on a joint discussion by all three re-
viewers to an agreement of 100% and the resulting
screening policy was applied to the rest of the abstracts.
Based on the selected titles and/or abstracts, articles
were retrieved or requested in full text and assessed for
eligibility. Some articles were excluded from further
study, for reasons of ‘full text not available’ or the article
contained no empirical material. Finally, 87 studies
remained which were included in the analysis (see Table 3).
A graphical representation of the screening process
has been included in Fig. 1.

Appraisal of selected studies
To conduct the systematic literature search on the inter-
national state of art concerning various aspects of the
use of advanced medical technologies at home, several
sources are consulted. To guarantee a scientific stand-
ard, only articles were retrieved from academic data-
bases. MEDLINE refers to journals for biomedical
literature from around the world; Cinahl contains an
index of nursing and research journals covering nursing,
biomedicine, health sciences librarianship, alternative
medicine, allied health and more. These databases re-
lated to discipline have been supplemented with Scopus,
which is considered to be the largest abstract and cit-
ation database of peer-reviewed literature. Grey litera-
ture, such as national and international reports on
regulations and safety of medical technologies, is also
used to illustrate the background of the problem state-
ment and describe definitions. The Classification of ad-
vanced medical technologies in the Netherlands
according to the National Institute for Public Health and
the Environment (RIVM) has been used as a framework
to categorise the medical technologies in the selected ar-
ticles. No methodological conditions of selected studies
were applied in advance and the quality criterion we
applied was that of the article had to contain empirical
material, as we wanted to obtain an comprehensive over-
view of published studies of any design and to get insight
in a variety of contents.
Results
Categorization of included articles
The characteristics of the included articles are outlined
in Table 3. All included articles were categorized by year
of publication and the type of research, like the designs,
methods and used instruments in the studies. Research
features were synthesized where possible into overarch-
ing categories. For example, ‘systematic review’ and ‘nar-
rative review’ were scored as ‘review’ and instruments as
‘semi-structured interview’ and ‘in-depth individual
interview’ were both assigned to the category ‘interview’.
For each study, the medical technology or technologies

on which the study was based was scored. The
categorization was in accordance with the classification of
AMTs (see Table 1). For example, the devices ‘continuous
positive airway pressure (CPAP)’ and ‘negative pressure
ventilation (NPV) have both been categorized as ‘respira-
tory support’; and the devices ‘jejeunostomy tube’ and
‘gastronomy tube’ as ‘enteral nutrition’. With regard to the
category ‘dialysis’, further subdivision was made by using
‘haemo dialysis’ and ‘peritoneal dialysis’. If in an article a
medical technology was mentioned as an example, but was
no subject of study, then the technology was not scored.
‘Medical diagnosis (or diagnoses)’ as mentioned in the

studies, was included in the analysis only if it was related to
the medical technology as the subject of study, not if it has
been mentioned as an example. In some cases, an under-
lying cause of diagnosis was indicated. For example, ‘chronic
respiratory failure due to congenital myopathy’, in itself a
neurological disorder, has been scored as ‘neurological
disorder’. Diseases or disorders have been classified as
much as possible under the overarching name. For example
‘pneumonia’ and ‘cystic fibrosis’ are categorized under
‘respiratory failure’, and ‘gastroparesis’ and ‘Crohns
disease’ under ‘gastrointestinal disorder’. The category
‘other’ contains diagnoses which occur only once, such as
‘chromosomal anomaly’, or which are not yet determined,
like ‘chronic diseases’ or ‘congenital abnormalities’.
In relation to the research questions, articles were

classified regarding one of the following categories and,
where appropriate, into subcategories:

1. User experiences
2. Training, instruction and education
3. Safety, risks, incidents and complications
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Fig. 1 PRISMA flowchart
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From an analysis of the articles, additional categories
of content emerged:

4. Design and technological development
5. Application with regard to certain diseases or

disorders, indication for and extent of use
6. Policy and management
Types of medical technologies used, frequency of use
and trends
In four of the 87 articles (5%) there were no specific
medical technologies mentioned as a subject of study
(see Table 4). Almost half of the studies (45%) consid-
ered medical technologies for respiratory support and
39% devices for dialysis, either haemo- (n = 18), periton-
eal- (n = 15) or dialysis not specified (n = 1). Of the stud-
ies, 29% reported on devices for oxygen therapy. In
addition, there has been relatively more research
conducted on equipment for ‘infusion therapy’ (n = 19;
22%), parenteral nutrition and enteral nutrition with a
score of 20% each (n = 17). Relatively little research has
been carried out on suction devices (8%), external elec-
trostimulation (5%), nebulizer (5%), insulin pump ther-
apy (3%), sleep apnea treatment (2%), patient lifting
hoists (2%), vacuum assisted wound closure (1%) and
continuous passive motion (1%). None of de studies
considered medical technologies with regard to decubi-
tus treatment, skeletal traction or UV (ultraviolet)
therapy.
Table 4 shows that on the years 2000 and 2001 no

relevant articles on the subject were found. Over the
period 2000–2005, 17 articles were published, the same
number over 2006–2010, and there has been a substan-
tial increase in the number of publications to 54 over
the years 2011–2015. In general, it can be concluded
that more frequent investigated technologies show a
fairly even distribution of publications over the years
2000–2015. Technologies, on which little research had
been done, except for nebulizers, have been mainly in-
vestigated since 2010. An increase of published articles
over the years 2000–2015 is apparent particularly for
haemo dialysis and to a lesser extent, for devices for
enteral- and parenteral nutrition. As mentioned before,
several studies reported on the increase of the number
of medical technologies used in home settings, but
concrete data are not available. However, the number of
studies and the visible trends may be indicative of the
frequency of use.
In 63% of the cases (n = 55), a medical diagnosis (or

diagnoses) was mentioned in the article. Where a
diagnosis has been mentioned, in almost half of the
studies (n = 26; 47%) it concerned diagnoses in the field
of respiratory failure (see Fig. 2). This is not surprising,
since ‘respiratory support’ is the medical technology
most commonly found in the articles, similarly ‘oxygen
therapy’ has also been considered relatively often. Diag-
noses with regard to neurological disorders occurred in
42% of the studies (n = 23). Just over a quarter of the
studies (27%) considered diagnoses ‘other’, such as
‘sepsis’, ‘chromosomal anomaly’ or other not specified
medical disorders, nearly a quarter (24%) considered
‘cancer’ and 22% kidney disorders (n = 12).
An analysis of the used research designs identified that

64% (n = 56) of the studies used an observational (non-
experimental) design and only a small part of the studies
(n = 5; 6%) used an experimental design, such as a
Randomized Control Trial (RCT). Of the included stud-
ies 19 were reviews and 8 were essays. A quantitative
design (n = 37) was used more frequently than a qualita-
tive design (n = 25); and only one study applied ‘mixed
methods’ (quantitative and qualitative). Just over one-
third of the studies (35%) used a descriptive design, and
a similar number used a cross-sectional study (36%).
Case series were used in 12% of the articles and a
cohort-study in 9%. A phenomenological approach was
applied in 16% of the records. Research instruments
most frequently used were interviews (33%) and survey/
questionnaires (21%). In 10% of the cases other instru-
ments were used, including different types of assessments
or tests.



Table 4 Trends in papers reporting on AMTs (n = 87, multiple answers possible), by year of publication (2000–2015)

No shading n = 0, up till the darkest shading n = 5

ten Haken et al. BMC Public Health  (2018) 18:284 Page 25 of 33
With regard to the categories of content, most research
has been carried out on ‘user experiences’ (see Fig. 3): just
over one-third of the articles (n = 31; 36%) focused on this
topic. Of these articles almost all studies focused on experi-
ences of patients or informal caregivers (n = 29) and only a
small number (n = 2) considered the user experiences of
nurses or other professionals (see Table 5). More than half
of the studies (n = 19) used a qualitative research design; of
these 13 used a phenomenological approach. The goal of
these studies was to elicit the essence of human phenom-
ena as experienced by the users. Seven studies used a quan-
titative design and one an integrated mixed method. Three
of the studies applied a grounded theory approach and two
Fig. 2 Number of medical diagnoses mentioned in articles on AMTs
(n = 87, multiple answers possible)
an experimental design (randomized controlled trial). The
research instruments in this content category to collect data
were interviews, either semi-structured or in-depth, and a
survey. About two-thirds of the articles regarding ‘user ex-
periences’ were published in the period 2011–2015, with an
accent on the psychosocial impact of patients or informal
caregivers.
Relatively little research was found on ‘training, in-

struction, education’ (n = 7), for the use of AMTs in
home settings. It was remarkable that all the studies
identified as focusing on this topic, concentrated on one
category of AMT. Respiratory support was the subject of
study in four instances and in the other three, the focus
was on technologies for enteral nutrition, haemo dialysis
and external electro-stimulation. Four of the seven
Fig. 3 Number of articles on AMTs with main content categories (n=87)



Table 5 Subcateogories of content in selected articles on AMTs (n = 87) by year of publication (2000–2015)

No shading n = 0, up till the darkest shading n = 4
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articles utilized quantitative methods, among which
three of them used an observational non-experimental
design and one was an experimental randomized
double-blind clinical trial. Another study within the ini-
tial seven articles used a qualitative observational non-
experimental design, one was a review and another was
in essay format.
In total, 22% of the articles discussed topics on safety,

risks, incidents and complications (n = 19). In the majority
of cases (n = 13) general aspects about the subject, for in-
stance safe use, factors affecting safety, a safe transfer of the
equipment and monitoring of assessing safety were consid-
ered. One article described technological factors with re-
gard to safety, three articles reported on environmental
factors and two explored human factors. Safety aspects
were explored over a wide range of medical technologies.
Five articles were reviews and one an essay. Quantitative
methods were used in ten of the cases, particularly for
monitoring, evaluating and assessing safety, technological
and environmental factors. Only three studies used a quali-
tative design. Retrospective chart reviews or case series
were used to collect data in some cases of unforeseen
events. Table 5 shows about a doubling of published articles
in the period 2011–2015 regarding this content category,
compared to the previous period 2000–2010.
Approximately 20% of the selected articles considered the
content category ‘design and technological development of
the medical device’ (n = 17). The studies each focused on
only one type of AMT and treated a relative wide range of
eight different categories, such as ‘respiratory support’,
‘oxygen therapy’, ‘haemo dialysis’, ‘infusion therapy’, ‘insulin
pump therapy’ and ‘enteral nutrition’, but also ‘external
electrostimulation’ and ‘patient lifting hoists’. Interestingly,
in this group of articles, relatively often (n = 6) no medical
diagnosis was mentioned. Around half of the studies (n = 8)
referring to this topic were in review or essay format. All
other studies used a quantitative research design and
throughout the search no application of qualitative designs
were found. Two studies used an experimental study design
(randomized crossover trial) to obtain data and two
described a prospective cohort study. The majority of
papers (n = 11) were published in the period 2011–2015
and six in the preceding period up to and including 2010.
Seven articles concerned the application of AMTs, all

of them devices with regard to at least respiratory sup-
port and/or nutritional support. Five studies used a non-
experimental quantitative design including the analysis
of clinical data, such as record reviews or cohort studies,
and two articles were reviews. Most articles on this sub-
ject (n = 5) were published in the period 2012–2015.
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Six articles described policy or management systems
in different countries regarding the use of AMTs at
home. The majority of the articles (n = 4) were in essay
or review format. The other papers concerned a qualitative
cross-sectional case study analysis and an observational
quantitative study in which data are collected prospectively
using a database. The categories of content will now be dis-
cussed in greater detail.

Content description and trends to secondary research
questions
User experiences
In this category, 22 articles described the psychosocial
impact on patients or informal caregivers from the use
of medical technologies at home. Living at home with
the assistance of medical technology needs a range of
adjustments. Fex et al. [25, 26] state that self-care is
more than mastering the technology, in terms of the
health-illness transition, it requires ‘…. an active learning
process of accepting, managing, adjusting and improving
technology’. When it comes to children, they have to
learn to incorporate disability, illness and technology ac-
tively within their process of growing up [27]. It seems
that the use of medical technologies in the home can
have both a positive and a negative psychosocial impact
on patients and their families, which in turn causes am-
bivalence in experiences [27, 28]. On the one hand, pa-
tients in general gain more independence, an enhanced
overall health and a better quality of life [29–34]. On the
other hand, for some patients the experience is one of
dependency on others for executing daily activities, and
these circumstances, to some extent, a social restricted
live and perceived stigmatization [29, 30]. The situation
in which patients need to use medical technology at
home also affects family functioning and requires next
of kin responsibilities [35–37]. As a result, next of kin
caregivers are frequently faced with poor sleep quality
and quantity, and/−or other significant psychosocial ef-
fects [38–41]. Nevertheless, family members had a posi-
tive attitude to the concept of bringing the technology
into the home [42]. Knowledge of how to use the tech-
nology and permanent access to support from healthcare
professionals and significant others, enabled next of kin
caregivers to take responsibility for providing necessary
care and to facilitate patients learning to provide self-
care [25, 36, 42–44]. Bezruczko et al. [45, 46] developed
a measure of mothers’ confidence to care for children
assisted with medical technologies in their homes. To
provide high quality sustainable care, nurses have to
recognize and understand the psychosocial dimensions
for both patients and family members which arise as a
result of changing role and providing care for the pa-
tients. The need to provide emotional support and
support with appropriate coping strategies is a key
professional role [25, 26, 47]. Insight into the psycho-
social effects on those involved can be used to assist de-
signers of medical devices to find strategies to better
facilitate the integration of these technologies into the
home [28].
Seven articles reported on the usability, barriers and ac-

cessibility experienced by patients or informal caregivers.
Findings in these studies showed that several technologies
were rarely perceived as user-friendly and that home med-
ical devices inadequately met the needs of individuals with
physical or sensory deficits [48, 49]. An accessible design
which meets the diversity of individual user needs, charac-
teristics and features would be better able to help patients
manage their own treatment and so could contribute to
the quality of care and safety of patients and lay users [50,
51]. Munck et al. [52] stated that restricted patients were
reminded daily of the medical technology and were more
dependent on assistance from healthcare professionals
than masterful patients.
In contrast to the group of patients or informal care-

givers, only two papers in this content category focused
on the user experiences of nurses or other professional
caregivers. The review demonstrates that to maintain pa-
tient safety, more education on application of medical
devices for users is needed together with improved
awareness and understanding of how to use the medical
technology correctly in a patient-safe way [53, 54]. More
collaboration between all involved ‘actors’ in the process
of care is also requisite. Continuity among carers, trust
between patient and carers and supportive communica-
tion between informal and professional caregivers are
important factors for the successful implementation of
medical technologies in the home environment while
maintaining patient safety [44, 51, 53–55].

Training, instruction and education
Three articles regarding this topic focused on nurses or
other professionals and four on the patients or informal
caregivers. The results showed that successful use of ad-
vanced medical technologies at home requires adequate
staff education and training programmes. Although
many topics in educational programmes are suitable for
different types of professionals in care provision, the
focus for the level and application of information can
vary for Registered Nurses and unregistered care staff. In
addition, for overall learning experiences to be of max-
imum benefit there is a need for a clear focus on the
specific client groups [56]. According to Sunwoo et al.
[57], in the case of home non-invasive ventilation the
degree of clinical support needed is extremely variable
given the mixed indications for this respiratory support.
A relatively simple procedure, such as the replacement
of a feeding tube, can be performed by nurses, the pa-
tient and informal caregivers, provided they are trained
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well [58]. However, several studies revealed the complex-
ity of the education needed by patients and informal
caregivers for the use of advanced medical technologies
at home [59, 60]. Nevertheless, the studies revealed that
a structured education programme, specific training, or
the support of a dedicated discharge coordinator has
several advantages [59, 61, 62]. It was evident that good
preparation by patients or informal caregivers may result
in a shorter length of stay in hospital, a better perform-
ance with regard to the use of the equipment or less re-
quests by patients and/or families for assistance.

Safety, risks, incidents and complications
Most articles regarding this topic (n = 13) reported on
safety in general, like aspects of safe use, factors affecting
safety, complications and prevention of incidents in the
home. Some identified the risk factors and the complica-
tions that may arise [63–65], where Stieglitz et al. [66]
also emphasize that human error is the main reason for
critical incidents and that regular instruction for medical
staff and patients is necessary. To prevent untoward and
adverse events, evidence based guidelines, recommenda-
tions on the preferred methods for managing the equip-
ment, troubleshooting techniques for potential
complications and monitoring activities are necessary
[67, 68]. Faratro et al. [68] added that key performance
and quality indicators are important mechanisms to en-
sure patient safety when using a medical device in the
home. Methods to address or evaluate patient safety
issues are for example, a home visit audit tool, a nation-
wide adverse event reporting system, programs such as
the Medical Product Safety Network HomeNet, or, in
the case of peripherally inserted central catheters
(PICCs) a central catheter stabilization system [69–72].
However, a study conducted by Pourrat and Neuville
[73] in France found that there are very few internal
medical devices vigilance reports found within organiza-
tions that deliver devices for home parenteral nutrition
and that safety management could be improved. The
safe transfer of medical devices from a hospital setting
to the home and vice versa, comes with several chal-
lenges regarding technological, environmental and hu-
man factors [14]. While many hospitals have developed
policies to control the pathways of home-used devices in
the hospitals, in case patients take them into the hospital
when they are admitted for treatment [74]. Improvement
of the safety of devices intended for use in home set-
tings, implies also improvement of safety when their
transfer to the hospital settings is urgently needed.
One article considered the technological factors, three

the environmental and two the human factors. An ex-
ample of research on the technological factors of safety
related aspects of medical technologies used in home
settings by Hilbers et al. [75] found that manufacturers
pay insufficient attention to safety-related items in tech-
nical documentation for the use in the home setting. For
instance, the environmental factor of electricity blackout
leads to electrically powered medical devices failing.
Studies show that this type of event causes a dramatic
increase in appeal for access to emergency or hospital fa-
cilities, and that disaster preparation needs to include
the specific needs of patients reliant on electrically
driven devices [76–78]. Regarding human factors
impacting on safety aspects, one article assessed the suit-
ability of a particular theoretical framework for under-
standing safety-critical interactions of patients using
medical devices in the home [79], while Tennankore
et al. [80] described adverse events in home haemodialy-
sis by the use of patients. It was remarkable that none of
the articles focused on human factors with regard to the
use of medical technologies at home by nurses or other
professional caregivers.

Design and technological development
Of those articles that focused on this topic, ten reported
on the comparison between different types of medical
technologies, or their advantages and disadvantages. The
comparison of different devices for oxygen therapy was
made by two articles [81, 82] and one reported on the
comparison of two types of enteral nutrition tubes [83].
Some studies regarding respiratory support considered
the process of making a choice between different types
of devices [84–86] while one paper considered the con-
ditions for home-based haemo dialysis [87]. A minority,
explored the individual characteristics and the clinical
applications of several devices for respiratory support
[88, 89] and one considered devices for insulin pump
therapy [90]. Seven papers discussed the technological
development or effectiveness of medical technologies.
The testing of devices for external electro-stimulation
was described in two papers [91, 92], with the testing of
a new design patient lift was subject of one study [93].
Hanada and Kudou [94] explored the current status of
electromagnetic interference with medical devices in the
home setting, an issue of importance as more devices
are considered for home use. The technological develop-
ment of respiratory support for home use was part of
one study [95], as were the possibilities of solar-assisted
home haemo dialysis [96]. While the study by Pourtier
[97] describes the advantages of analgesia pumps that
can be read remotely by nurses, but also emphasizes the
central position of a professional nurse in the transfer of
information within a multi-disciplinary team.

Application with regard to certain diseases or disorders,
indications for and extent of use
All articles described several aspects that need to be
considered for use, such as clinical characteristics of the
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patients, indications for the use in the home setting, the
technical availability of devices, the extent of their use at
home or eventual complications and morbidity. It was
important to note that all but one article (n = 6) were
about children or related to adults with what are usually
regarded as paediatric diseases. Results show that the
use of AMTs at home among children after hospital
discharge is common (in 20%–60% of cases), or is stand-
ard for patients with some disorders [98–101]. The
timely application of advanced home medical technology
benefits patients and can help to reduce respiratory
morbidity [102]. Nevertheless, the rate of death of pa-
tients with Möbius syndrome using the devices at home
was high (30%) [98], as was that of patients with intes-
tinal failure dependent on home parental nutrition ther-
apy in Brazil (75% for 5 years) [103]. The average
cumulative survival of children needing home ventilation
was found to be between 75 and 90%, depending on the
medical diagnosis [104].

Policy and management
Three of the papers were concerned with costs and/or
reimbursement. The application of medical technologies
in the home environment can be cost-effective when
compared to institutionalized care [22, 105, 106]. Never-
theless, successful employment of medical technologies
in the home necessitates medical guidelines for the indi-
cators for use, careful identification of patients as well as
careful planning and attention to details [105–107]. Two
studies concerned the dilemma’s for implementation of
the technologies in home healthcare and emphasized the
importance of cooperation in the chain of key stake-
holders to maximize efficiency of high-tech healthcare at
home, one with regard to the purchasing policy of med-
ical technologies [108] and one with regard to the inter-
ventions of local community service centres and
hospitals supporting optimal use of these technologies in
the home setting [5].

Discussion
The use of medical technologies in the home setting
has drawn increased attention in health care over the
last 15 years, as the feasibility of this type of medical
support has rapidly grown. This article systematically
reviewed the international literature with regard to the
state of the art on this subject, in order to provide a
comprehensive overview.
Trend analysis over the period 2000–2015 shows that

most research has been conducted about respiratory
support, dialysis and oxygen therapy; relatively little
about vacuum assisted wound closure and continuous
passive motion, and no about decubitus treatment,
skeletal traction and UV therapy. A substantial increase
in publications was found in the period 2011–2015.
Although the number of studies on technologies is indica-
tive of the extent to which they are used in home settings,
however, no firm conclusions can be drawn about this.
This review also identified that most research is con-

ducted with regard to ‘user experiences’ of medical tech-
nologies in the home, ‘safety, risks, incidents and
complications’, and ‘design and technological develop-
ment of medical technologies’. There have been rela-
tively few studies which have explored the topic of
training, instruction and education. Content analysis
showed that the use of AMTs in the home setting can
have both a positive and a negative psychosocial impact
on the patients and their families, and that it has be-
come part of self-management and patient empower-
ment. Successful use of advanced equipment requires
adequate education and training programmes for both
patients, informal caregivers and nurses or other profes-
sionals. When trying to maximize or assure safety,
technological, environmental and human factors have to
be taken into account, and it is evident that human fac-
tors are the main reason for critical incidents. Studies on
the design and technological development of medical
technologies emphasize that research is necessary to im-
prove its possibilities and effectiveness. The research
found on the application of the technologies focused
predominantly on children and the results indicate that
the rate of the use of home medical devices among chil-
dren after hospital discharge is common. Also that when
compared to institutionalized care, the application of
medical technologies in the home environment can be
cost-effective. Much is known, but information on sev-
eral key issues is limited or lacking.
An important finding was that in almost all the

reviewed articles, the study subjects were patients or in-
formal caregivers with very few studies focused on the
role and activities of nurses or other professionals as
users. This was unexpected as nurses are the main group
of users of AMTs at home and they have to transfer
knowledge and skills on how to use the devices to pa-
tients and other caregivers. Nurses also have a key role
in setting up and maintaining collaboration between all
actors involved in the process of care with regard to the
use of home medical technologies and in giving support
to patients and family members in this respect. There is
need to initiate further in depth research on AMTs use
at home focusing on the role of specifically nurses.
Another interesting result was that, despite the fact

that most adverse events with AMTs at home are caused
by human factors, hardly any studies conducted on this
subject were found. None of the articles focused on re-
lated human factors regarding the use by nurses or other
professional caregivers, although this is the main user
group. Research on this area could contribute to im-
proved patient safety and quality of care. The results also
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revealed the tension between the advantages and disad-
vantages of medical technologies as experienced by pa-
tients at home. Important aspects needed to promote
the benefits include improving the user-friendliness of
the devices and attuning their designs for the use in
home settings. This emphasizes the importance of pro-
fessionals (and patient groups) working together with
the designers with regard to sharing knowledge and user
experiences of the use of AMTs at home in order to im-
prove quality of care and patient safety. This collabor-
ation emerged as of key importance in the successful use
of AMTs in the home as well.
Although all included articles were retrieved from aca-

demic databases and served our purpose, there was con-
siderable heterogeneity of quality of the studies. Most of
the studies have explicitly described their research de-
sign, albeit to a greater or lesser extent. On the other
hand, there were a few studies that did not even mention
their methodological approach, though it could be de-
rived from the description. Most included reviews are of
moderate quality. Although findings are almost always
described clearly, the search strategy and selection cri-
teria used are often lacking. The quantitative studies are
generally well described in different methodological as-
pects, such as selection of respondents, research design,
data collection methods and analyses. Studies of qualita-
tive nature show more variation in the depth with which
the design is described. However, almost all qualitative
studies have described the research instruments very
well, such as semi-structured interviews or question-
naires. Despite the varying quality of the studies, we be-
lieve that the whole of different methodological
approaches and the relatively large number of included
studies (n = 87) has yielded a fairly reliable overview on
the international state of art concerning various aspects
of the use of advanced medical technologies at home.
For future research, we recommend to emphasize the
development of a more detailed methodological design,
zooming in on specific technologies, using large data-
bases or conducting large surveys, and focusing on spe-
cific groups of respondents. Both in quantitative and in
qualitative studies, a good definition of the research
question(s), selection of respondents, development of in-
struments and analysis of findings, contributes to valid-
ity, consistency and neutrality.
Some limitations do have to be taken into account

with this review. Although we used the RIVM-definition
of ‘advanced medical technology’, not all devices are con-
sidered as ‘complex devices’ by nurses in practice. For
example, the use of an anti-decubitus mattress in the
context of ‘decubitus treatment’ and ‘patient lifting
hoists’ are considered by nurses as being of less or lower
complexity. However, overall the RIVM-classification
was found to be a good starting point, and provided a
practical and useful framework from which to work to
gain an insight and overview of available medical tech-
nologies. Of some of the chosen technologies defined
using the RIVM-classification of AMTs, questions do
have to be asked as to whether they really are part of the
technical skills in nursing process. For example, ‘external
electrostimulation’ and ‘continuous passive motion’ are
mainly applied by physiotherapists, although with
appropriate training nurses can apply them. Then too,
devices regarded as only ‘monitoring’ were excluded
from the review.

Conclusions
This systematic review study was designed to fill a gap in
the current research by investigating what is known about
different aspects of medical technologies used in the
home. From the results it is obvious that a wide and grow-
ing range of medical technologies are used at home. Dif-
ferent types of technologies have been subject of study,
increasingly –also in scope- over the period 2011–2015.
Professional nurses have a central role in the process

of homecare which has to be recognized when consider-
ing use of AMTs at home. Nurses have to support pa-
tients and family caregivers and in consequence have a
key role in providing information for, and as a member
of multi-disciplinary teams. Closer collaboration by all
actors involved in the process of care and feedback of
user experiences to the designers is essential for the
provision of high quality of care and patient safety.
This review also identified a lack of research exploring

the perspectives of nurses in the processes involved in
introducing and maintaining technology in homecare.
Most of the research has been conducted regarding the
experiences of patient experience and how informal
caregivers perceive their role in using medical technolo-
gies at home. The few studies that were found, demon-
strate the need for more research focused on the
experiences of nurses working with advanced technologies
in the home. The same applies to research on training, in-
struction and education to use medical technologies, as in
these areas too, there was limited available research so
here again there is need for further research. Despite the
fact that most adverse events with medical technologies in
home settings are caused by human factors, our findings
also identified a lack of research in this area for nurses.
This study demonstrates that, although there is in-

creasing attention on and recognition of the need for the
use of medical technologies in the environment of the
home, the research has not kept pace with the advances
in care. Subjects such as user experiences of nurses
with different technologies, training, instruction and
education of nurses and human factors by nurses in
risk management and patient safety urgently need to
be investigated by further research.
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