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Abstract 

Background: Adverse events (AE) are ubiquitous in home mechanical ventilation (HMV) and can jeopardise patient 
safety. One particular source of error is human interaction with life-sustaining medical devices, such as the ventilator. 
The objective is to understand these errors and to be able to take appropriate action. With a systematic analysis of the 
hazards associated with HMV and their causes, measures can be taken to prevent damage to patient health.

Methods: A systematic adverse events analysis process was conducted to identify the causes of AE in intensive 
home care. The analysis process consisted of three steps. 1) An input phase consisting of an expert interview and a 
questionnaire. 2) Analysis and categorisation of the data into a root-cause diagram to help identify the causes of AE. 3) 
Derivation of risk mitigation measures to help avoid AE.

Results: The nursing staff reported that patient transportation, suction and tracheostomy decannulation were 
the main factors that cause AE. They would welcome support measures such as checklists for care activities and a 
reminder function, for e.g. tube changes. Risk mitigation measures are given for many of the causes listed in the root-
cause diagram. These include measures such as device and care competence, as well as improvements to be made by 
the equipment providers and manufacturers. The first step in addressing AE is transparency and an open approach to 
errors and near misses. A systematic error analysis can prevent patient harm through a preventive approach.

Conclusion: Risks in HMV were identified based on a qualitative approach. The collected data was systematically 
mapped onto a root-cause diagram. Using the root-cause diagram, some of the causes were analysed for risk mitiga-
tion. For manufacturers, caregivers and care services requirements for intervention offers the possibility to create a 
checklist for particularly risky care activities.
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Background
Home mechanical ventilation (HMV) is an established 
method of treating patients with lung failure caused 
by either chronic obstructive pulmonary disease or 
neurological disease [1]. In cases when mask ventila-
tion is not possible or is insufficient, the patient can be 

given invasive ventilation via a tracheostoma and tra-
cheostomy tube. Permanently ventilated patients live 
at home or in long-term care facilities. They are cared 
for by nursing staff, sometimes 24/7. Given that there 
are no national registers, it is not possible to state the 
exact number of patients receiving HMV [2]. Accord-
ing to an estimate, about 6.5 per 100,000 population 
were in receipt of HMV in 2001, of which about 12% 
were ventilated invasively [3]. There are large, national 
differences in HMV. A comparison of European epi-
demiological data shows that 6.6 patients per 100,000 

Open Access

*Correspondence:  mlipprandt@ukaachen.de

1 Institute of Medical Informatics, Medical Faculty, RWTH Aachen University, 
Aachen, Germany
Full list of author information is available at the end of the article

http://orcid.org/0000-0001-9371-0551
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12912-022-01038-2&domain=pdf


Page 2 of 9Lipprandt et al. BMC Nursing          (2022) 21:264 

population are ventilated out-of-hospital [4]. It is to be 
expected that demographic changes and the COVID-
19 pandemic have led to an increase in the number of 
HMV patients. Neither reliable epidemiological data 
nor national registers exist at present.

Due to the specific requirements profile, nursing pro-
fessionals in Germany must be certified and undergo 
advanced training to become an expert in HMV nurs-
ing. They are expected to have specialist knowledge 
in respiratory physiology and ventilation, ventilator 
technology, tracheostoma management, methods of 
secretion mobilisation and elimination, as well as crisis 
management/emergency management [5].

Caring for patients who are dependent on a life-
sustaining ventilator is a challenging activity, which 
places enormous responsibility on caregivers. Emer-
gencies (e.g. acute exacerbation or obstruction of the 
respiratory system) caused by failure, malfunction or 
improper use of the ventilator can lead to irreversible 
brain damage or death within minutes. Furthermore, 
the caregiver can become a “second victim” of the inci-
dent [6]. These critical incidents [7] are common in 
HMV and require immediate action by the caregiver [8] 
without admitting patients to hospital for unnecessary 
and sometimes undesired treatment [9]. The caregiver 
has to assess the severity of the incident and is respon-
sible for taking decisions (e.g. consulting a doctor or 
making an emergency call). Thus, an “incident dur-
ing care that results in patient harm” is defined as an 
adverse event (AE) [10]. These incidents are ubiquitous 
in a medical and nursing context and can lead to patient 
harm [11, 12]. AE often occur in the form of medica-
tion errors, infections, falls, and incorrect or delayed 
diagnoses [10], but technology-related events are also 
mentioned in the literature [13–15]. It is often the case 
that no distinction is made between the consequences 
and the harm resulting from an AE [13]. The need for 
action under intense pressure can lead to stress. This 
can undermine the caregiver’s ability to make consid-
ered judgements and can lead to wrong decisions [16], 
which can trigger AE [12, 17].

In a clinical setting, data on AE is mostly collected 
through studies or reporting systems. By contrast, the 
data that exists on AE occurring in a home care setting 
is very poor [13, 18]. There is little data available on ven-
tilator errors and the consequences for patients, espe-
cially in HMV, as there are no national registers [2]. There 
are no established reporting systems, nor is there a legal 
requirement for a structured error-handling framework. 
The circumstances in which AE occur in a home setting 
cannot be compared to those in a clinical setting. Despite 
underreporting, it can be assumed that AE that result in 
patient harm also occur in an outpatient setting [13, 18].

Therefore, carrying out an analysis of near misses and 
AE can help to better understand the dynamics of AE in 
general [14, 19, 20]. In the systematic analysis of AE, it is 
assumed that the incident is always preceded by a chain 
of multiple causes [21]. It is essential to understand the 
individual links (causes and contributing factors) in the 
chain of causes to be able to break the links and prevent 
future incidents and risks. Therefore, all risks must first 
be identified to ensure safety in a clinical and nursing 
context [11]. Risk management [19, 22] is also crucial 
for nursing activities, especially when they involve medi-
cal devices. The objective is therefore to prevent patient 
harm by learning from AE and their causes.

The joint project Mesib (https:// www. mesib. de/) aimed 
to improve the safety of patients in HMV. By developing 
a safety-critical IT infrastructure, it should be possible to 
preventively mitigate critical emergencies. The results of 
the work described here serve as an extended require-
ments analysis and identification of emergencies in HMV 
for the technology development in Mesib.

The aim of this study is to identify the nursing activi-
ties that can lead to AE in HMV. Based on this, a model 
describing the causes of adverse events has been developed 
and can serve as a basis for a practice-related safety concept 
for HMV. A combined methods approach involving inten-
sive care practitioners in hospital and home care was used. 
The study concludes with a list of recommended actions for 
manufacturers of respiratory equipment, identifies further 
training requirements for nursing staff, and suggests vari-
ous organisational measures for nursing services.

Methods
Design
A multi-level data collection process was conducted 
involving expert interviews and a questionnaire. The 
qualitative results were analysed using systematic error 
analysis methods (root-cause diagram) with information 
and knowledge on technology and medicine. This made it 
possible to identify the causal, requisite and contributing 
factors that lead to critical situations and patient harm, 
i.e. AE. In the application area of medical software engi-
neering, or health informatics and nursing informatics, it 
is essential to always consider the entire socio-technical 
system. Errors can occur as a result of, for example, the 
product (manufacturer responsibility), operation (organi-
sational responsibility), operation (user), communica-
tion (team), or an unforeseeable situation. The categories 
(bones) of the Ishikawa diagram (chapter  2.3.2) were 
adapted to the language and concepts of carers for better 
comprehensibility (see Fig. 1).

The risk factors identified through the root-cause dia-
gram form the basis for the development of risk mitigation 
measures. These measures should be implemented across 
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all levels of the socio-technical system and within the vari-
ous areas of responsibility. A number of example measures 
were derived from the results in order to demonstrate the 
wide spectrum of possible measures and options for action 
at all levels of the socio-technical system. These measures 
were developed by an interdisciplinary team consisting of 
nurses, medical informatic scientists, medical profession-
als (anaesthetists), ethicians, and social scientists.

Participants
The participants of the study were employees of institu-
tions that were project partners of the Mesib research 
project. Due to the difficulty in recruiting participants 
because of staff shortages, hospital and nursing staff 
allowed participants to attend the interviews and answer 
the questionnaire during working hours. This increased 
participant willingness to partake in the study as it did 
not take up any of their own free time. Participation was 
completely voluntary. The inclusion criterion was based 
on roles in the facilities (hospital and nursing service). 
Given that only registered nurses are allowed to work in 
nursing, this was the inclusion criterion.

Expert interview
Expert interviews are a frequently used method in the 
information sciences; they are also used for knowledge 
modelling [23, 24]. We used this method to obtain ini-
tial information about processes and events in everyday 
nursing and clinical practice, with the aim of identi-
fying the causes of risks from everyday practice. We 

interviewed two experts who are active in the training 
of nurses, work as nursing department heads, and have 
many years of professional experience in nursing them-
selves. The experts had a lot of inherent knowledge about 
the domain and were representative of the group of nurs-
ing experts. The experts were asked to list all of the activ-
ities that could involve medical device interaction and the 
unforeseen events that have occurred. Due to the overlap 
in results between the two interviews and thus reaching 
data saturation point, no further interviews were neces-
sary, especially because the results adequately described 
the domain [25]. The interviewers were an anaesthetist 
and a computer scientist who had expertise on ventila-
tors and human-machine interaction.

Questionnaire
Next, an online questionnaire was given to a small group 
of professional caregivers: n=11 participants in total (six 
nurses for intensive care weaning units and five outpa-
tient nursing staff form an outpatient intensive care ser-
vice located in Oldenburg, Germany).

The care tasks that formed the subject of the questions 
in the questionnaire were based on the expert interviews.

The questionnaire consisted of two qualitative and 
two quantitative questions. The aim was to validate the 
interview results, to collect further examples of AE and 
risk-related nursing activities from individual nursing expe-
riences, and to identify potential similarities across a larger 
set of professionals. This data is not quantitatively useful for 
statistical purposes, but it does reflect a tendency towards 

Fig. 1 Extended mixed-method approach
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risk-relatedness in two institutions and a strong need for 
support provision.

Data analysis
Expert interview
The result of the interviews consisted of a list of activities 
involving device interaction (e.g. suction) and the unfore-
seen events (e.g. vomiting). In this respect, the interview 
formed part of the initial evaluation process, with a topic 
being analysed in collaboration with the experts. Following 
the expert interviews, the data was summarised and clas-
sified into categories according to the Ishikawa model [26] 
adapted by Canham et al. [27]. However, only the unfore-
seen events were listed, not the nursing activities, as these 
were used again in the questionnaire.

Analysing adverse events in HMV
The data was collected, analysed and interpreted by a mul-
tidisciplinary team consisting of nurses, medical informatic 
scientists, medical professionals (anaesthetists), ethicians, 
and social scientists.

The causes of AE were grouped into an Ishikawa diagram 
(root-cause diagram) [26] with categories adapted to those 
of Canham et al. [27]. Ishikawa diagrams are typically used 
in product design and quality management, but also in sys-
tematic failure analysis, where they help to identify and cat-
egorise contributing factors and causes of failure [28, 29]. 
The data of the analysis was extended to include the guide-
lines for mechanical ventilation [5].

Recommendations for risk mitigation
Based on the categorisation of the root-cause diagram, 
requirements for intervention can be derived for nurses, 
care providers and manufacturers of ventilators and equip-
ment/supplies. The requirements for patient safety derive 
from risk management according to ISO 14971 and the 
London Protocol [30].

Results
Expert interviews
The findings from the expert interviews enabled the for-
mulation of a list of adverse event causes. The causes that 
were found to occur during nursing care are presented in 
Table 1. The sequence of the items in the tables is random, 
but the list is grouped into the main categories of the root-
cause diagram.

Questionnaires
Q1: frequency of occurrence of adverse events during nursing 
activities
The nurses were asked to indicate how often critical 
events occur when carrying out the 19 listed nursing 
activities (e.g. suction, equipment maintenance, patient 

transfer). The nurses (n = 11) were asked to categorise 
the nursing activities according to their criticality as 
“A = never”, “B=1 x 3 month”, “C=1 x month”, “D=every 
14 days”, “E = daily”, “F = cannot say” (see Fig. 2).

Overall, critical incidents occur most frequently in 
activities involving patient positioning or transfer (with 
or without equipment change), cannula change, and 
endotracheal suction. For the other activities, the data 
was more evenly distributed. In terms of basic and oral 
care, AE can occur daily for some caregivers.

Q2: nursing activities with the greatest risk of patient harm
The nurses (n = 11) were asked to list, as free text, the 
unexpected events and incidents that pose the greatest risk 
to the patients. The answers were summarised according 
to the most frequent occurrences. It was found that tra-
cheostomy decannulation, aspiration, and obstruction of 
the cannula were considered to be the most risky. The fac-
tors that were named as causing tracheostomy decannula-
tion included patient mobilisation and patient delirium.

Q3: ranking nursing activities for which the caregiver would 
like to receive support
The nurses (n = 11) were asked to select the most dan-
gerous activities from among 15 nursing activities in 

Table 1 Potential causes of AE during nursing activities grouped 
into the main categories of the root-cause diagram

Category (Ishikawa) Causes of adverse events in HMV

Patient (health-related 
circumstances)

Heart frequency reduction (vagus stimulus)

Vomiting

Aspiration

Hyperventilation

Tracheal ulcer

Pneumonia

Health deterioration

Swallowing disorders

Diffusion disorders

Compliance disorder

(Airway) obstruction

Drug reaction (tachycardia)

Swelling of the respiratory tract

Machine and Material Bending of the breathing tube

Oxygen leakage, leakage in the cuff

Extubation, tracheostomy decannulation, 
relocation

Leakage in the hose system

Device faults, power blackout

Ventilation filter obstructed

Caregiver Caregiver asleep during night
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Fig. 2 Shows the various care activities and the frequency with which AE can occur for each activity. A = never”, “B=1 x 3 month”, “C=1 x month”, 
“D=every 14 days”, “E = daily”, “F = cannot say”
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descending order. Patient transfer (rank 1: 45%, n  = 5) 
was rated as the most dangerous, followed by mobili-
sation (rank 2: 27%, n  = 3), transport with equipment 
change (rank 3: 27%, n = 3), positioning of the patient 
(rank 4: 27%, n = 3) and basic care (rank 5: 36%, n = 4).

Q4: are there any other activities for which you would 
like to receive support?
Question four asked nurses to describe in free-text for-
mat further nursing activities for which they would like 
to receive support. They stated that they would like to 
have easier documentation processes to have more time 
for nursing care. The change intervals for the tube system 
are not uniformly regulated between the manufacturer 
and the provider. Standardisation would be desirable in 
this respect. Decision support with a reminder function 
for the activities to be carried out with confirmation is 
desired, as are checklists for ventilation-related activities.

Analysing causes of adverse events in HMV
The Ishikawa diagram (see Fig.  3) represents a compre-
hensive modelling of AE in HMV and considers the 
entire socio-technical system. The horizontal arrow rep-
resents the effect or the AE to be avoided. The vertical 
or oblique arrows are the main influencing factors that 
lead to the effect. These arrows are divided into catego-
ries that have been adapted according to the domain and 
based on [27]. All data from the previous results has been 
incorporated into the diagram. All the terms have been 
checked against, and complemented by, the contents of 

the “Guidelines for Non-Invasive and Invasive HMV for 
Treatment of Chronic Respiratory Failure - Update 2017” 
[5] and the prospective study of [31].

The underlying chronic disease of the patient, such as 
COPD or a neuromuscular disease, must be considered 
as one potential cause of AE (see category “Patient”). 
However, the patient’s state of health can also change 
because of other acute changes, such as aspiration and 
airway obstruction, which can contribute to triggering an 
AE.

The “Task” include the nursing activities that the car-
egiver performs on the patient. According to the caregiv-
ers, all of the tasks mentioned are classified as involving a 
high degree of risk.

The “Equipment + resources” consists of medical 
equipment (e.g. the ventilator) and accessories (e.g. the 
endotracheal tube). This category includes power and 
device failures, but also tube leakage and tracheostomy 
decannulation, which was indicated as a particularly dan-
gerous cause of AE.

The “Working conditions” refers to the patient’s home 
environment and its geographical location. For exam-
ple, in rural regions lacking in infrastructure, it can take 
a comparatively long time for an ambulance to arrive in 
an emergency. Furthermore, each patient’s home envi-
ronment is set up differently, meaning that standardised 
care procedures (nurses’ workplace conditions) have to 
be adapted to each individual patient.

A nurse is usually alone with the patient, but there 
are also points of contact between nurses. The “Team” 

Fig. 3 Root-cause diagram (Ishikawa). Contributing factors for AE in the socio-technical system of HMV
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category relates to shift change, patient care documenta-
tion and handover communication between nurses.

The nurses in the “Caregiver” category are exposed to 
high stress in medical emergencies. Depending on the 
complexity of the patient’s care requirements, nurses 
may also have to perform nursing activities under time 
pressure.

In the “Education” category, there are aspects that 
relate to professional education. Work experience, as well 
as instruction and training are relevant aspects, espe-
cially with regard to emergencies.

Recommendations for risk mitigation
Using the Ishikawa diagram, some of the causes were ana-
lysed for risk mitigation. The Table 2 contains the causes 
from the Ishikawa diagram, the resulting consequence, 
and the recommended risk management measures. These 
show that addressing the causes can potentially prevent 
undesired events from occurring.

Discussion
Adverse events during mechanical ventilation are ubiq-
uitous in hospitals. In a retrospective analysis, 5.6% of 
patients were affected with a ventilator-associated con-
dition [32]. The CDC has defined objective criteria for 
ventilator-associated events (VAE) [33, 34]. These are a 

“deterioration in respiratory status, infection or inflam-
mation, and laboratory evidence of respiratory infec-
tion” with guidance for a treatment pathway/algorithm 
to detect these AE. This data and these outcomes do not 
exist for care in the home setting. Medical criteria for the 
detection of pneumonia and infection apply, of course, 
yet the home setting is characterised by there being a 
single responsible caregiver. Therefore, our combined 
data collection methods focused on a subjective assess-
ment of risks in respiratory care. Based on these results, 
we integrated this data with existing guideline literature 
and systematic error analysis methods. The result is an 
root-cause diagram and a list of recommended actions. 
The recommended actions address the various different 
actors in the entire socio-technical system. The nursing 
staff, training staff, manufacturers, and the organisation 
all have a responsibility to help improve patient safety in 
HMV. Only multi-causal prevention concepts can help to 
avoid AE. This root-cause diagram and the recommended 
actions can be used by manufacturers to improve their 
equipment and for expanding education concepts for 
organisations and nursing schools to include the risks 
mentioned in this study.

The number of causes shows how widespread potential 
patient harm is. The questionnaire placed a greater focus 
on the level of harm than the likelihood of occurrence 
in HMV. In this respect, activities such as ventilation 

Table 2 Risk management mitigations

Cause Consequence Target group: measures for risk mitigation

Mobilisation & Transfer Failure of ventilation Care competence: Carers trained to improve fixation of tube
Care competence: Carers trained to recognise signs of medical problems

Airway Obstruction Failure of ventilation Device competence: Knowledge about alarm types (high pressure)
Manufacturers: Making alarms understandable
Medical competence: Blood saturation measurement
Care competence: Suction

Tracheostomy decannulation Failure of ventilation Device competence: Knowledge about alarm type (low pressure)
Equipment competence: Secure attachment connection
Manufacturers: Mechanisms to avoid tube dragging

Tube Change Interval Contamination/infection Nursing service operator: Replacement tube available
Manufacturers: Harmonise change intervals of the tubing material and store them 
in the device

Power Failure Device blackout Device competence: Alarm type (power alarm)
Nursing service operator: Device backup
Nursing service operator: Battery backup
Ambu bag
Emergency contact numbers

Medical Problem/Health  
Deterioration

Acute health deterioration Environmental conditions: Emergency contact numbers
Environmental conditions: Helping system (advice)
Medical competence: Trained to detect early signs of health problems (e.g. silent 
infection)

General Emergency training: Training concepts for emergency management
Nursing service operator: Escalation/support concept

Nursing service operator: Process analysis of the setting and resources at home

Nursing service operator: Checklist for care process
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settings, cannula change and patient transport were seen 
as the main causes of AE. Tracheostomy decannulation, 
oral care and suction were rated as the most dangerous 
causes of adverse outcomes. Nurses requested support 
in patient transfer, mobilisation and positioning of the 
patient, as well as checklists for nursing activities and 
reminder functions for ventilator-related activities (e.g. 
tube change). In the literature, however, AE tend to be 
associated with medication errors, decubitus and misdi-
agnosis. In general, the evidence on AE in the home set-
ting is poor [10, 13, 35]. It is estimated that 10% of hospital 
admissions are due to patient harm that could have been 
avoided [36]. Approximately four in 10 patients experi-
ence harm in an outpatient setting [10]. In [37] it was 
shown that out of 189 reported events, 39% were due to 
device error; all other errors were due to caregiver-related 
causes (e.g. improper device use). Risk mitigation meas-
ures are a legal requirement for medical device manufac-
turers [22], but not for care providers. Nevertheless, care 
providers should also be able to identify foreseeable risks 
and take actions and measures to prevent AE [38].

Adverse events do not happen completely unexpect-
edly. They are subject to a certain degree of statistical 
distribution and are thus omnipresent. It is only a mat-
ter of when and to whom an adverse event will occur. 
Transparency in the occurrence of AE would give nurs-
ing staff the competence to react early to possible causes 
or to be able to act in emergencies. Therefore, an analysis 
of the home environment in which a seriously ill person 
is cared for is essential. Risk management measures must 
be taken for the care processes and the possible causes, 
so that AE cannot cause harm.

Limitations
The limitations of this study are the low number of test 
persons and the low number of different home care pro-
viders and ICUs. Only employees of the project partners 
took part, which might have resulted in response bias. 
If a further study were conducted, it would be desirable 
to interview additional caregivers in order to acquire 
a broader picture of approaches to addressing adverse 
events. In question no. 3, participants were not asked 
about the terms cannula change, device maintenance, 
goose gargle change, ventilation filter change, inhala-
tion and adjustment of ventilation parameters. Given 
the absence of these terms, a distorted result is to be 
expected regarding the lower ranked nursing activities.

Conclusion
This study has determined that, from the point of view of 
the nursing staff, there is a need for action to prevent the 
occurrence of adverse events. Risks in HMV were identified 

based on expert interviews and questionnaires. The col-
lected data was analysed and systematically mapped onto 
a root-cause diagram. The grouping of adverse events, risks 
and hazards resulted in a categorisation to enable the tar-
geted reduction of hazards. For manufacturers, caregivers 
and care services, the categorisation offers the possibility to 
expand the list of hazards, to create a checklist for particu-
larly risky care activities, and to develop ideas for innova-
tive decision-making and equipment support.

Abbreviations
AE: Adverse Event; HMV: Home mechanical ventilation; ICU: Intensive Care Unit.

Acknowledgements
We thank our project partners Tanja Kröger from Pius Hospital Oldenburg, Ger-
many and Joachim Willms from the nursing service Triage for their expertise in 
the qualitative interviews.
We thank Mark Hellmonds and Beatrice Coldewey for programming the 
R-scripts.
We thank Catherine Maxwell for the proof read.

Authors’ contributions
ML1: idea, study design, conducting the interviews, creating and evaluating 
the questionnaire, data analysis and interpretation, draft and revision of the 
manuscript. WL, ML2, AK, NB: data analysis and interpretation, revision of the 
manuscript. RR: idea, conducting the interviews, implementing the question-
naire, data interpretation, substantial review and major revision. All authors 
read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. The project was 
funded by the Federal Ministry of Education and Research (BMBF) under the 
funding code Mesib 16SV7724.
The funder did not influence the design and collection, analysis, and interpre-
tation of data or the writing of the manuscript.

Availability of data and materials
We did not record the qualitative interviews, but took notes. These notes are 
already included in the study. The questionnaire was created and exported 
with SoSci Survey (SoSci Survey GmbH, Munich, Germany).

Declarations

Ethics approval and consent to participate
Participants were provided with comprehensive information about the study 
on the first page of the online survey. This included information on the aim and 
purpose of the study, the funding of the study, the institutions involved in the 
study, the voluntary nature of the study and the right to discontinue the study 
without giving reasons, as well as information on data processing and the ano-
nymity of the data collected. This included information that, due to the anonym-
ity, deletion or blocking of the data is not possible. Consent was given by acting 
congruently with the start of the questionnaire by selecting a “continue” button.
Ethics: We have received an ethics vote from the Medical Ethics Committee of 
the Carl von Ossietzky University of Oldenburg, Vote-No:2017–047 Chair: Frank 
Griesinger.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Institute of Medical Informatics, Medical Faculty, RWTH Aachen University, 
Aachen, Germany. 2 Protestant University of Applied Sciences, Bochum, 



Page 9 of 9Lipprandt et al. BMC Nursing          (2022) 21:264  

Germany. 3 Carl von Ossietzky University of Oldenburg, Oldenburg, Germany. 
4 University of Sheffield, School of Languages and Cultures, Sheffield, UK. 

Received: 29 October 2021   Accepted: 11 September 2022

References
 1. Chailleux E, Fauroux B, Binet F, Dautzenberg B, Polu JM. Predictors of 

survival in patients receiving domiciliary oxygen therapy or mechani-
cal ventilation. A 10-year analysis of ANTADIR observatory. Chest. 
1996;109(3):741–9.

 2. King AC. Long-term home mechanical ventilation in the United States. 
Respir Care. 2012;57(6):921–30 discussion 930-2.

 3. Geiseler J, Karg O, Börger S, Becker K, Zimolong A. Invasive Heimbeat-
mung insbesondere bei neuromuskulären Erkrankungen. DIMDI. 2010.

 4. Lloyd-Owen SJ. Patterns of home mechanical ventilation use in Europe: 
results from the Eurovent survey. Eur Respir J. 2005;25(6):1025–31.

 5. Windisch W, Dreher M, Geiseler J, Siemon K, Brambring J, Dellweg D, 
et al. S2k-Leitlinie: Nichtinvasive und invasive Beatmung als Therapie der 
chronischen respiratorischen Insuffizienz - Revision 2017. Pneumologie. 
2017;71(11):722–95.

 6. Jones JH, Treiber LA. When nurses become the "second" victim. Nurs 
Forum. 2012;47(4):286–91.

 7. Davies JM, Hebert PC, Hoffman C. The Canadian patient safety dictionary. 
[Edmonton, Alta.], [Ottawa, Ont.]: [Canadian Patient Safety Institute]; 
[Royal College of Physicians and Surgeons of Canada]; 2003.

 8. Lei Y. Medical ventilator system basics: a clinical guide, vol. 1. Oxford: 
Oxford University Press; 2017.

 9. Glaser RH, Dellweg D, Storre JH. Außerklinische ärztliche Versorgung 
beatmeter Patienten – Aus Sicht der Patienten. Pneumologie. 2017;71(S 
01):S1–S125.

 10. Auraaen A, Slawomirski L, Klazinga N. The economics of patient safety in 
primary and ambulatory care: flying blind. Paris: OECD Health Working 
Papers; 2018. p. 106.

 11. World Health Organization. World alliance for patient safety: WHO draft 
guidelines for adverse event reporting and learning systems: from infor-
mation to action; 2005 [cited 2021 Sep 22]. Available from: URL: https:// 
apps. who. int/ iris/ handle/ 10665/ 69797.

 12. Kohn LT, Corrigan JM, Donaldson MS, editors. To err is human: building a 
safer health system. Washington (DC); 2000.

 13. Masotti P, McColl MA, Green M. Adverse events experienced by homecare 
patients: a scoping review of the literature. Int J Qual Health Care. 
2010;22(2):115–25.

 14. Lipprandt M, Klausen A, Alvarez-Castillo C, Boscch S, Weyland A, Röhrig R. 
Erweiterte systematische Fehleranalyse zweier CIRS-AINS Alert-Fälle: Vom 
Anwender- zum Anwendungsfehler. Anästhesiologie & Intensivmedizin. 
2020;61:76–84.

 15. Palojoki S, Saranto K, Lehtonen L. Reporting medical device safety 
incidents to regulatory authorities: an analysis and classification of 
technology-induced errors. Health Informatics J. 2019;25(3):731–40.

 16. St. Pierre M, Hofinger G. Human Factors und Patientensicherheit in der 
Akutmedizin. Berlin, Heidelberg: Springer Berlin Heidelberg; 2020.

 17. Ahmed AH, Giri J, Kashyap R, Singh B, Dong Y, Kilickaya O, et al. Outcome 
of adverse events and medical errors in the intensive care unit: a system-
atic review and meta-analysis. Am J Med Qual. 2015;30(1):23–30.

 18. Meyer-Massetti C, Krummenacher E, Hedinger-Grogg B, Luterbacher S, 
Hersberger KE. Medikationssicherheit im Home Care Bereich: Entwick-
lung und Pilotierung eines Critical Incident Reporting Systems. Pflege. 
2016;29(5):247–55.

 19. Neuhaus C, Röhrig R, Hofmann G, Klemm S, Neuhaus S, Hofer S, et al. 
Patientensicherheit in der Anästhesie: Multimodale Strategien für die 
perioperative Versorgung. Anaesthesist. 2015;64(12):911–26.

 20. Coldewey B, Diruf A, Röhrig R, Lipprandt M. Causes of use errors in venti-
lation devices - systematic review. Appl Ergon. 2021;98:103544 Available 
from: URL: https:// www. scien cedir ect. com/ scien ce/ artic le/ pii/ S0003 
68702 10019 15? via% 3Dihub.

 21. Reason J. Human error: models and management. Bmj. 
2000;320(7237):768–70.

 22. ISO 14971:2019: Medical devices — Application of risk management to 
medical devices (ISO 14971:2019).

 23. Pickard AJ. Research methods in information. 2nd ed. London: Facet; 
2013. Available from: URL: https:// search. ebsco host. com/ login. aspx? 
direct= true& scope= site& db= nlebk & db= nlabk & AN= 15606 17

 24. Simsion G, Witt G. Data Modeling Essentials. In: (the Morgan Kaufmann 
series in data management systems). Available from. 3rd ed. Saint Louis: 
Elsevier Science; 2014. URL: https:// search. ebsco host. com/ login. aspx? 
direct= true& scope= site& db= nlebk & db= nlabk & AN= 117175.

 25. Pope C, Mays N, editors. Qualitative research in health care. 4th ed. Hobo-
ken: Wiley-Blackwell; 2020. Available from: URL: https:// onlin elibr ary. wiley. 
com/ doi/ book/ 10. 1002/ 97811 19410 867

 26. Wong KC. Using an Ishikawa diagram as a tool to assist memory and 
retrieval of relevant medical cases from the medical literature. J Med Case 
Rep. 2011;5:120.

 27. Canham A, Thomas Jun G, Waterson P, Khalid S. Integrating systemic 
accident analysis into patient safety incident investigation practices. Appl 
Ergon. 2018;72:1–9.

 28. Morita PP, Weinstein PB, Flewwelling CJ, Bañez CA, Chiu TA, Iannuzzi M, 
et al. The usability of ventilators: a comparative evaluation of use safety 
and user experience. Crit Care. 2016;20:263.

 29. Vincent C. How to investigate and analyse clinical incidents: clinical risk 
unit and Association of Litigation and Risk Management protocol. Bmj. 
2000;320(7237):777–81.

 30. Taylor-Adams S, Vincent C. Systems analysis of clinical incidents: The Lon-
don protocol. Clin Risk 2004 [cited 2016 Jan 11]; 10(6):211–220. Available 
from: URL: http:// www1. imper ial. ac. uk/ cpssq/ cpssq_ publi catio ns/ resou 
rces_ tools/ the_ london_ proto col/.

 31. Muñoz-Bonet JI, López-Prats JL, Flor-Macián EM, Cantavella T, Domínguez 
A, Vidal Y, Brines J. Medical complications in a telemedicine home 
care programme for paediatric ventilated patients. J Telemed Telecare. 
2020;26:462–73. https:// doi. org/ 10. 1177/ 13576 33X19 843761.

 32. Haribhai S, Mahboobi SK. StatPearls: Ventilator complications. Treasure 
Island (FL); 2022.

 33. Centers for Disease Control and Prevention - CDC. Ventilator-Associated 
Event (VAE) [National Healthcare Safety Network (NHSN)]; 2022. Available 
from: URL: https:// www. cdc. gov/ nhsn/ pdfs/ pscma nual/ 10- vae_ final. pdf.

 34. Klompas M. Ventilator-associated events: what they are and what they 
are not. Respir Care. 2019;64(8):953–61.

 35. Jachan DE, Müller-Werdan U, Lahmann NA. Patient safety. Factors for and 
perceived consequences of nursing errors by nursing staff in home care 
services. Nurs Open. 2021;8(2):755–65.

 36. Katherine de Bienassisi, Ana Llena-Nozali, Nicolaas S. Klazingai. The 
economics of patient safety Part III: Long-term care: Valuing safety for the 
long haul; 2020. OECD health working papers 121 [cited 2021 Sep 22]. 
Available from: URL: https:// www. oecd- ilibr ary. org/ deliv er/ be074 75c- en. 
pdf? itemI d=% 2Fcon tent% 2Fpap er% 2Fbe0 7475c- en& mimeT ype= pdf.

 37. Srinivasan S, Doty SM, White TR, Segura VH, Jansen MT, Davidson Ward SL, 
et al. Frequency, causes, and outcome of home ventilator failure. Chest. 
1998;114(5):1363–7.

 38. Simonds AK. Risk management of the home ventilator dependent 
patient. Thorax. 2006;61(5):369–71.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://apps.who.int/iris/handle/10665/69797
https://apps.who.int/iris/handle/10665/69797
https://www.sciencedirect.com/science/article/pii/S0003687021001915?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0003687021001915?via%3Dihub
https://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&db=nlabk&AN=1560617
https://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&db=nlabk&AN=1560617
https://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&db=nlabk&AN=117175
https://search.ebscohost.com/login.aspx?direct=true&scope=site&db=nlebk&db=nlabk&AN=117175
http://dx.doi.org/10.1002/9781119410867
http://dx.doi.org/10.1002/9781119410867
http://www1.imperial.ac.uk/cpssq/cpssq_publications/resources_tools/the_london_protocol/
http://www1.imperial.ac.uk/cpssq/cpssq_publications/resources_tools/the_london_protocol/
https://doi.org/10.1177/1357633X19843761
https://www.cdc.gov/nhsn/pdfs/pscmanual/10-vae_final.pdf
https://www.oecd-ilibrary.org/deliver/be07475c-en.pdf?itemId=%2Fcontent%2Fpaper%2Fbe07475c-en&mimeType=pdf
https://www.oecd-ilibrary.org/deliver/be07475c-en.pdf?itemId=%2Fcontent%2Fpaper%2Fbe07475c-en&mimeType=pdf

	Causes of adverse events in home mechanical ventilation: a nursing perspective
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Design
	Participants
	Expert interview
	Questionnaire

	Data analysis
	Expert interview
	Analysing adverse events in HMV
	Recommendations for risk mitigation


	Results
	Expert interviews
	Questionnaires
	Q1: frequency of occurrence of adverse events during nursing activities
	Q2: nursing activities with the greatest risk of patient harm
	Q3: ranking nursing activities for which the caregiver would like to receive support
	Q4: are there any other activities for which you would like to receive support?

	Analysing causes of adverse events in HMV
	Recommendations for risk mitigation

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


