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Abstract 
To use home mechanical ventilation, it is necessary to choose the right target group that can benefit from moving to home 
care. Moving a patient to home care with home mechanical ventilation involves a number of risks. The aim of this study 
was to use Health Failure Mode and Effects Analysis (HFMEA) to analyse health risks at a time when a patient is just 
preparing to move to home care, and a nursing plan is being drawn up. HFMEA was used to analyse health risks. The 
expert team divided the process of nursing care into 7 parts with other own subprocess, which are 18 in total. Altogether, 
41 risks were identified, of which 14 failures were analysed after HFMEA application, potential causes were defined, and 
their follow-up proposed. According to the results of the method used and the analysis of individual risks, it is necessary 
to focus on detailed setting of the nursing plan with thorough education of informal caregivers who play an important 
role in it. The education should be regularly repeated and the check of care itself should be supported by created checklists 
to confirm the individual steps. 
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Background  

Mechanical ventilation is used when spontaneous 
ventilation is inadequate, and hypercapnia or hypoxemia 
occurs. Despite considerable developments in mechani-
cal ventilation, patient mortality remains relatively high, 
particularly in Acute Respiratory Distress Syndrome 
(ARDS), etc. [1, 2]. It is the ventilation setup and 
management that is potentially associated with a number 
of risks that, even in the critical care setting, may be 
related to poor ventilation setup or poor monitoring [3]. 
Automated ventilation modes are a modern trend that 
minimizes ventilator error and can be a good alternative 
for home mechanical ventilation where a significant 
portion of the potential risks are transferred to an 
informal caregiver [4]. 

Moving a patient to home care with home mechanical 
ventilation (HMV) involves a number of risks. An over-
view of the risks was obtained based on an analysis of 
studies [5–16]. These risks can be divided into risks 
directly related to the patient's health, informal care-
giver, technical equipment and nursing plan settings. 
Risks based on the nature of the disease affect the 
subsequent course of the disease. It is necessary to take 
these risks into account, although it is often not possible 
to completely avoid them [14]. The risks associated with 

informal caregivers are often of a psychosocial nature. 
The risk associated with frustration of the care providers 
can then reduce the effectiveness of the therapy [11]. 
Other mentioned risks are related to technical security, 
which in case of its failure can endanger life in some 
cases [5–9]. Setting up a nursing plan also entails certain 
risks that must be taken into account. An inherent risk is 
also a human factor, as almost all HMV users depend to 
a greater or lesser extent on the assistance of another 
person [8–10]. 

Risks are influenced by various factors, such as daily 
use of the lung ventilator, general health, nature of diag-
nosis, patient’s age, and caregiver’s experience. Risk 
analysis methods in the field of healthcare aim to pro-
vide prevention and eventual resolution of conditions 
causing adverse reactions that may endanger the pa-
tient's health or cause death [17]. 

One of the frequently used methods for risk assess-
ment is Failure Mode and Effect Analysis (FMEA). This 
method was developed by National Aeronautics and 
Space Administration (NASA) and over the years has 
further expanded into various sectors. It has been used 
in the healthcare sector since 1999 [17]. It was also used 
to assess the technical risks of HMV [18]. However, 
a more suitable Health Failure Mode and Effects 
Analysis (HFMEA) was chosen to assess health risks, 
which was specifically designed for the health sector by 
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National Center for Patient Safety (NCPS) [19]. In 2003, 
Joint Commission on Accreditation of Healthcare Orga-
nizations (JCAHO) selected HFMEA as the official 
standard for the analysis of high-risk processes in 
healthcare [17]. 

The aim of this study is to use HFMEA to analyse 
health risks at a time when a patient is just preparing to 
move to home care, and a nursing plan is being drawn 
up. 

Methods  

HFMEA is a prospective analysis that consists of 
5 basic steps and combines elements of several different 
methods. This analysis should also include the intro-
duction of measures and their subsequent evaluation 
[20]. 

HFM EA top ic  d ef in it ion  

For the area of HMV itself and its nursing plan, 
HFMEA has been applied by its nature. Nursing care is 
an integral part of the therapy of people with HMV and 
potential risks can be expected. A nursing plan is drawn 
up within the framework of nursing care, which has the 
general principles for most patients, but is prepared 
individually for each HMV patient. The analysis was 
performed from the perspective of the patient's health 
risks. Patients may be expected to worsen their health 
based on the course of the disease, but the risks involved 
are often beyond our control. The analysis is therefore 
aimed at situations that are unexpected and not directly 
related to the diagnosis. 

Team  of experts  

The team of experts consisted of the head of follow-
up intensive care and long-term intensive nursing care 
of the Motol University Hospital and a nurse from the 
same department. Among other things, the nurse repre-
sented an informal caregiver who should be included in 
the entire risk analysis. Their role has a great weight in 
deciding on the severity and probability of potential 
risks. These measures can thus be tailored to specific 
members, both patients and caregivers, participating 
in the entire HMV therapy delivery process. Another 
member of the Motol University Hospital team was 
a professor at the Department of Anaesthesiology and 
Resuscitation. Furthermore, coordinator of the civic 
association “Dech života”, who also has considerable 
practical experience in the field of nursing care, was 
a member of the team as well. 

Graph ica l  r epresentat ion of  the process  

In the case of this analysis, the graphical repre-
sentation was made in such a way that it could be used 

by most people using HMV. The nursing plan may vary 
from patient to patient, as well as the subsequent 
graphical representation of the home care process. For 
this reason, the graphic design was made to decide 
whether the management of the invasive inputs is part of 
the nursing plan or not. 

Healthcar e Fai lur e Mode Ef fects  and 
Analysis  

It was necessary to define severity rate of HFMEA by 
the expert team according to the impact on patients. 
Individual severity values are described in Table 1. 
Furthermore, probability values have been defined by 
the expert team based on the rate of potential occurrence 
of each failure. These values are defined in Table 2. 
Based on the Hazard Scoring Matrix, which was again 
compiled by the team of experts and shown in Table 3, 
the Hazard Score was determined. This value is calcu-
lated by multiplying the severity value by the probability 
value. The critical risk threshold is set at 8 based on the 
method procedure [20]. 

Table 1: Defining the severity rating of HFMEA [20]. 
Severity Description Classification 

minor 
without health 

problems, health will 
not deteriorate 

1 

moderate 

temporary health 
problems that do not 
require professional 
medical intervention 

2 

major 

health problems that 
may require 

professional medical 
intervention and may 

lead to long-term 
deterioration 

3 

catastrophic 

difficulties leading to 
permanent 

consequences or risk 
of death 

4 

The decision tree (Fig. 1) is used to determine if a fur-
ther action is required for a given failure. Thus, the 
HFMEA decision tree is a process whose individual 
steps determine how to resolve each failure. The deci-
sion tree serves as a tool to identify those areas that the 
expert team may consider less critical, or where failure 
is readily detectable, or where effective control mea-
sures have already been implemented. Based on the 
results from the decision tree, the potential causes of the 
selected failures were determined [20]. 
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Table 2: Defining the probability rate of HFMEA [20]. 
Probability Description Classification 

remote in most cases it can 
occur within 5–30 years 1 

uncommon in most cases it can 
occur within 2–5 years 2 

occasional in most cases it can 
occur 1–2 times a year 3 

frequent 
in most cases it can 
occur several times 

a year 
4 

Table 3: Hazard scoring matrix. 

pr
ob

ab
ili

ty
 frequent 4 8 12 16 

occasional 3 6 9 12 
uncommon 2 4 6 8 

remote 1 2 3 4 
 minor moderate major catastrophic 

 severity 

Fig. 1: Decision tree HFMEA [20]. 

Ident i f icat ion  of  act ion s and  resu lts  

For those failures that have emerged as the most risky, 
further procedures should be developed to eliminate or 
reduce the chance of such events occurring. 

Results  

The expert team divided the process of nursing care 
into 7 parts with other own subprocess, which are 18 in 
total. Its graphical representation is shown in Fig. 2. 

The risk analysis was performed to identify possible 
failures, that could present some health risks. A total of 
41 potential risks were identified by a team of experts. 
Hazard Score was determined after assigning severity 
and probability values. Based on this value, 6 critical 
failures were identified. If the risk value was evaluated 
as 8 or more, it was not necessary to address these 
failures as to whether they represent a threat to the 
process as a whole. The risk of failure of the whole 
process in this analysis is the inability to continue HMV. 

Following the HFMEA decision tree procedure, the 
next procedure for each failure was selected. Based on 
the decision tree, 14 failures were evaluated for which 
potential causes had to be defined and their follow-up 
addressed. Once the potential causes were identified, the 
severity and probability rates were again determined in 
the same way, the risk matrix and the HFMEA decision 
tree were used. The identification of actions and results 
for the 14 failures analysed are given in the following 
text (see in Supplementary materials). 

Fa i lure 2A  

The first step was to check the tracheostomy cuff. In 
this step, cuff pressure failures have been identified that 
may be either excessive or insufficient. Excessive pres-
sure in this case is a more serious failure due to the 
compression of the trachea walls and the potential for 
the cuff rupture. The expert team identified two possible 
causes of this failure. The first reason was insufficient 
experience of the informal caregiver, the second was 
insufficient equipment. The inexperience of the infor-
mal caregiver can be reduced by regularly checking the 
level of education of informal caregiver. This check 
could be performed by a formal nurse from a home care 
agency. Reduction of the risk associated with the impos-
sibility of measuring the cuff pressure would be possible 
when a suitable pressure gauge is obtained. 

Fa i lure 2C  

Another failure in the first step was insufficient dis-
infection of the cannula during its cleaning. Here, the 
cause has already been identified in the form of a human 
factor, where the caregiver does not know how to prop-
erly disinfect or does not do it properly due to negli-
gence. A partial solution may be to provide information 
on the subject in the form of a guideline or training. 

Fa i lure 2D  

Another failure is the possibility of decannulating or 
shifting the tracheostomy cannula to the wrong position. 
The first cause is the human factor, which often cannot 
be completely eliminated. However, by using the cor-
rect, already mentioned, regular control of patient edu-
cation, these risks can be partially minimized. If inap-
propriate equipment is the cause, it is possible to reduce 
the possibility of failure through a request for a new type 
of equipment. 
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Fig. 2: Nursing plan process.

Fa i lure 3A  

It was also necessary to address the failure associated 
with catheter control and replacement. One of the 
causes of failure during catheter inspection and re-
placement is failure to observe hygienic principles. 
This is primarily due to the human factor. It can be 
eliminated by rigorous staff control, by setting internal 
regulations or by training staff on the importance of the 
issue. Reducing the probability of failure of this risk is 
also associated with the education of informal care-
givers after the first 6-12 months. 

Fa i lure 4A  

Failures associated with inadequate injection site 
control in percutaneous endoscopic gastrostomy (PEG) 
care usually consist of the cause of non-compliance 
with the hygiene rules (4A1) and failure to recognize 
the infection (4A2). Failure to recognize the infection 
may then be related to either missing or insufficient 
education and may be due to insufficient attention. This 
risk can be prevented, in particular, by allocating HMV 
tasks between formal and informal caregivers and by 
setting up a schedule for the treatment plan. Non-
observance of hygienic principles requires that infor-
mal caregivers be thoroughly educated to minimize this 
risk. For example, guidelines or training on the impor-
tance of the problem and how to deal with the situation 
can help. 

Fa i lure 5A  

In the area of skin care and musculoskeletal system, 
the risk of patient positioning failure, which consists of 
several partial risks, was analysed. These are insuffi-
cient positioning frequency, patient fall during posi-
tioning and decannulation of the tracheostomy cannula. 
Insufficient positioning frequency may be due to time 
consumption or neglect of the caregiver. Here, it is 
clearly necessary to thoroughly train the informal care-
giver again, further it is possible to partially eliminate 

this risk by purchasing an anti-decubitus mattress or 
adjustable bed. Another recommendation to eliminate 
this risk is to set up a regular evaluation of pressure 
ulcers assessment according to the standard scale for 
assessing pressure ulcers. The risk of falling of the 
patient during positioning may be associated with 
insufficient bed security or caregiver exhaustion. This 
risk can be reduced by proper control of the treatment 
plan, as well as by consistent communication between 
formal and informal caregiver of the patient. It is also 
possible to at least partially eliminate this risk by 
purchasing a hoist or a more suitable bed. Another risk 
associated with mishandling in positioning is the 
decannulation of the tracheostomy cannula, which may 
be due to inattention of the caregiver or the selection of 
an unsuitable cannula type. This risk can be partially 
eliminated by thorough training and consultation with 
a physician on the suitability of the cannula size. 

Fa i lure 6A  

In the care of the respiratory tract and the oral cavity, 
sterility of the suction device or irritation of the trachea 
by the suction device may be impaired when taking 
care of secretion. The sterilization of the suction device 
can be given from the manufacturer. Indeed, the risk 
from the manufacturer’s point of view should be 
minimal given the surveillance of the medical device 
market in the Czech Republic. Therefore, the highest 
risk associated with this failure is again related to the 
human factor. This can be eliminated by thorough 
training, communication between formal and informal 
caregivers and regular education. Trachea irritation can 
be caused by several ways. These are uncomfortable 
suction, inappropriate equipment and excessive inten-
sity of the suction device. All these risks relate to the 
suitability of the equipment, the modification or the 
malfunction of the suction device. If necessary, this 
risk can be reduced by training and consultation with 
the technician of the company from which the suction 
device is purchased. Furthermore, it is necessary to 
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thoroughly communicate with the patient in order to 
avoid any adverse events. 

Fa i lure 6D  

The risk associated with air humidification in respira-
tory and oral care is mainly related to the accumulation 
of water in the circuit. This may in turn lead to a higher 
bacterial fraction going to the inspiratory filter, circuit 
malfunction and emerging alarms on the lung venti-
lator. This risk can arise both from insufficient educa-
tion of the informal caregiver and from insufficient 
control of accessories. This can be partially eliminated 
by regular breathing circuit checks, which should be 
part of the nursing plan. 

Fa i lure 7A  

The last step in the nursing plan is the user mainte-
nance of the equipment, in which the cleaning of the 
lung ventilator and other equipment may be another 
source of possible failures. This can be linked to two 
factors, the lack of cleaning frequency or lack of care. 
Both of these factors can be caused by a human failure, 
mainly due to poor or inconsistent education and poor-
ly set up activities among individuals involved in the 
treatment of the patient. Again, these risks can be 
eliminated primarily by thorough training and effective 
setting of the nursing plan. 

Discussion  

The risk analysis shows that it is necessary to set up 
a detailed nursing plan and focus on the consistent 
education of informal caregivers, including their sup-
port through checklists and regular check-ups. 

The transition of a patient with mechanical ventila-
tion to the home is a current topic in the world. In all 
developed countries this issue is discussed and more or 
less supported [21]. We used a HFMEA methodology 
to analyse the transition to home ventilation and estab-
lish guidelines to mitigate the inherent risks. 

The Czech Republic is currently in a state which is 
below the European average in the number of people 
that use HMV [21]. In order for the Czech Republic to 
be able to cope with other European countries, active 
cooperation is needed between all stakeholders in-
volved in HMV issues. The ideal situation, when all 
participating subjects will be fully satisfied with the 
state of the discussed issue, can be achieved only by 
clearly presenting objective results of the overall bene-
fit of this method. 

Given the nature of HMV itself, the incidence of 
potential risks arising from the transfer of the patient 
and the provision of this method of treatment is also an 
indisputable factor. These risks can be assessed from 
different perspectives. First, the perspective of the 
patient himself. The associated risks are characterized 

by a close association with the person’s health status 
and can be considered the most serious. There may be 
risks arising from the diagnosis itself and the sub-
sequent course of the disease [14]. Another possible 
group is the risks associated with technical equipment 
and its potential failure [9]. The severity of these risks 
increases as the patient is more dependent on specific 
equipment. Equipment failure, which for one patient 
only means a reduction in standard comfort, can have 
fatal consequences for another patient [7]. A number of 
risks also arise not only from the equipment failure, but 
also from insufficient quality or inadequate quantity 
[22]. 

Another possible perspective is the risks of informal 
carers, most often family members. These persons in 
most cases become a provider of continuous nursing 
care of the patient at home. This situation is un-
doubtedly very demanding and can have negative 
psychosocial effects on all parties involved and conse-
quently lead to a reduction in the effectiveness of the 
care provided, thus affecting the patient himself [11]. 

To ensure an appropriate process for the entire 
treatment, it is necessary to try to identify the widest 
possible spectrum of potential risks and to develop 
measures that reduce the chance of these failures. 
A number of risk analyses are currently being used 
worldwide to improve processes in various areas, in-
cluding the health sector [17]. 

In the classical FMEA analysis, the main problem 
compared to HFMEA is the risk assessment for very 
serious and at the same time unlikely failures. These 
situations can be fatal to the patient. Due to their low 
probability of occurrence, they could be assessed as 
less risky by FMEA and failure would not be addressed 
as a priority. Therefore, classical FMEA is not appro-
priate for the identification of health risks, as confirmed 
by G. Faiella [17]. The above-mentioned fact was con-
firmed in the study, for example, in the tracheostomy 
cuff failure. Excessive pressure can cause damage and 
result in rupture, which would be a very serious situa-
tion on the one hand, but very unlikely on the other. So, 
if measures were taken, they would not pay attention to 
this failure. 

A common cause of a failure to endanger the patient's 
health may be the human factor. It may be insufficient 
education of informal nurses or decrease of quality of 
provided care due to mental and physical exhaustion. It 
is therefore necessary to ensure sufficient controls and 
education as described by A.K. Simonds [23]. The lack 
of suitable equipment is another common risk that 
threatens the smooth running of the entire home care 
process. This is confirmed by R. Gershonem et al [22]. 

The nursing plan is not the only area that should be 
evaluated in terms of risks when introducing HMV. 
The possibility to cover all the risks from all of the 
aforementioned HMV-related perspectives is to create 
a model that combines other complementary methods. 
The use of a combination of several analyses was 
discussed by Shaqdan [24].
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The risk assessment model for HMV could be the 
HFMEA for health risk assessment addressed in this 
study, the FMEA for technical risks and the retro-
spective Root Cause Analysis (RCA) method to serve 
as a retrospective assessment of the root causes of pa-
tient rehospitalization. The Fault Tree Analysis (FTA) 
based on the results of the HFMEA and FMEA 
methods, would be used to deepen the analysis of high-
risk failures. This model was introduced by the authors 
in 2018 [25]. 

Conclusions  

In the study, the HMV nursing plan was evaluated in 
terms of risks using HFMEA. Altogether, 41 risks were 
identified, of which 14 failures were analysed after 
HFMEA application, potential causes were defined, 
and their follow-up proposed. According to the results  
 

of the method used and the analysis of individual risks, 
it is necessary to focus on detailed setting of the nursing 
plan with thorough education of informal nurses who 
play an important role in it. The education should be 
regularly repeated and the check of care itself should 
be supported by created checklists to check the indi-
vidual steps. 
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Supplementary materials  

Evaluation of failure in the process of nursing plan 
Risk analysis Identification of actions 

and results 

Step in the 
process 

Failure Potential 
cause 

Hazard 
score 

Risk of 
Process 
Failure? 

Effective 
review 

process? 

Sufficient 
detect-
ability? 

Continue? Further 
action 

Description 
of the action 

Evaluation of 
results  

Cuff 
Control 

(2A) 
 

Excessive 
cuff 

pressure 
(2A1) 

Inexperience 
of caregivers 

(2A1a) 

3 Yes No No Yes Control Regular 
check of 
sufficient 
level of 

education 

Checking the 
education of 

informal 
caregivers 

after the first 6 
and 12 months 

Insufficient 
equipment – 
manometer 

(2A1b) 

12 → No No Yes Eliminate Submitting an 
application for 
a manometer to 
be provided by 
an insurance 

company 

Determina-
tion of the 
insurance 

company on 
the application 

results 

Internal 
Cannula 
Cleaning 

(2C) 

Insufficient 
disinfecttion 

(2C2) 

Human 
Factor 
(2C2a) 

8 → No No Yes Control Guidelines, 
training on the 

importance 
of the issue 

Checking the 
education of 

informal 
caregivers 

after the first 6 
and 12 months 
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Fixation 
Tape 

Replace-
ment (2D) 

Decannu-
lation or 
displace-
ment of 

the 
tracheo-
stomy 

cannula 
(2D2) 

Human 
Factor 
(2D2a) 

8 → No No Yes Control Regular check 
of sufficient 

level of 
education 

Checking the 
education of 

informal 
caregivers 

after the first 6 
and 12 months 

Unsuitable 
cannula / 
tape type 
(2D2b) 

6 Yes No No Yes Eliminate Apply for 
a new kind of 

equipment 

Medical 
opinion 

Catheter 
Inspection 

and 
Replace-

ment (3A) 

Failure to 
observe 
hygienic 
principles 

(3A1) 

Human 
Factor 
(3A1a) 

8 → No No Yes Control Guidelines, 
training on the 
importance of 

the issue 

Checking the 
education of 

informal 
caregivers 

after the first 6 
and 12 months 

Injection 
site 

control 
(4A) 

 

Failure to 
observe 
hygienic 
principles 

(4A1) 

Human 
Factor 
(4A1a) 

8 → No No Yes Control Guidelines, 
training on the 
importance of 

the issue 

Checking the 
education of 

informal 
caregivers 

after the first 6 
and 12 months 

Failure to 
detect 

infection 
(4A2) 

Insufficient 
Education 

(4A2a) 

4 Yes Yes - No       

Lack of 
attention 
(4A2b) 

8 → No No Yes Control Appropriate 
allocation of 

tasks between 
formal and 
informal 

caregivers, 
cooperation of 
both members 

Check the 
schedule 

of the 
treatment plan 

Psitioning 
(5A) 

Frequency 
Insuffi-
ciency 
(5A1) 

Time 
Consuming 

and 
Negligence 

(5A1a) 

9 → No No Yes Eliminate Apply for an 
anti-decubitus 

mattress 

Regularly, 
according to 
the scale for 

assessing 
pressure 
ulcers 

evaluation 

Patient 
drop 

during 
handling 

(5A3) 

Insufficient 
bed security 

(5A3a) 

9 → No No Yes Eliminate Provide 
suitable 

equipment, 
bed 

- 
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Caregiver 
exhaustion 

(5A3b) 

9 → No No Yes Control Appropriate 
allocation of 

tasks between 
formal and 
informal 

caregivers, 
cooperation of 
both members 

Check the 
schedule of 

the treatment 
plan 

Tracheo-
stomy 

Cannula 
Decannu-

lation 
(5A6) 

 

Human 
Factor 
(5A6a) 

3 Yes No No Yes Accept - - 

Incorrect 
Cannula 

Type (5A6b) 

6 Yes No No Yes Eliminate Ask for more 
suitable 

equipment 
after 

consulting 
a doctor 

Medical 
opinion 

Secretion 
Care (6A) 

Non-
sterile 

aspirator 
(6A2) 

Human 
Factor 
(6A2a) 

6 Yes No No Yes Control Guidelines, 
training on 

the 
importance 
of the issue 

Checking the 
education of 

informal 
caregivers 

after the first 6 
and 12 months 

Trachea 
irritation 

by 
aspirator 

(6A3) 

Rough 
Suction 
(6A3a) 

6 Yes No Yes No       

Inappropriate 
Equipment 

(6A3b) 

3 Yes No No Yes Eliminate Apply for 
a new kind of 

equipment 

Subjective 
evaluation by 

the patient 

Excessive 
suction 
devices 
intensity 
(6A3c) 

6 Yes No No Yes Control Adjusting the 
suction 
device 
settings 

Subjective 
evaluation by 

the patient 

Inhalation 
air 

humidi-
fication 

(6D) 
 

Water 
Accumu-
lation in 
Circuit 
(6D1) 

Poor 
accessory 

check (6D1a) 

3 Yes No No Yes Control Establish 
a regular 

circuit check 

Checklist 
with task 

layout 

Insufficient 
Education 

(6D1b) 

3 Yes Yes - No       
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Ventilator 
and Other 
Equipment 
Cleaning 

(7A) 

Frequency 
Insuffi-
ciency 
(7A1) 

 

Insufficient 
Education 

(7A1a) 

3 Yes Yes - No       

Unclear 
allocation of 
tasks among 
caregivers 

(7A1b) 

6 Yes No No Yes Control Regular 
checks of the 

responsi-
bilities of the 
nursing plan 

Checklist of 
tasks 

Insuffi-
cient care 

(7A2) 

Human 
Factor 
(7A2a) 

6 Yes No No Yes Control Guidelines, 
training on 

the 
importance 
of the issue 

Checking the 
education of 

informal 
caregivers 

after the first 6 
and 12 months 
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