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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

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 diagnosis, patient’s age, and caregiver’s experience. Risk
analysis methods in the field of healthcare aim to provide prevention and eventual resolution of conditions
causing adverse reactions that may endanger the patient's health or cause death [17].
One of the frequently used methods for risk assessment 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

Mechanical ventilation is used when spontaneous
ventilation is inadequate, and hypercapnia or hypoxemia
occurs. Despite considerable developments in mechanical 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 overview 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 caregiver, 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

85
Lekar a technika – Clinician and Technology 2020, vol. 50(3), pp. 85–94, DOI: 10.14311/CTJ.2020.3.02
ISSN 0301-5491 (Print), ISSN 2336-5552 (Online)

ORIGINAL RESEARCH
National Center for Patient Safety (NCPS) [19]. In 2003,
Joint Commission on Accreditation of Healthcare Organizations (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.

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.
He al th car e
An a l y si s

F ai lu r e

Mode

Ef fec ts

an d

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 calculated by multiplying the severity value by the probability
value. The critical risk threshold is set at 8 based on the
method procedure [20].

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 introduction of measures and their subsequent evaluation
[20].
HF M EA to p ic d ef in it io n
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.

Table 1: Defining the severity rating of HFMEA [20].
Severity
Description
Classification
without health
minor
problems, health will
1
not deteriorate

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

Team o f e xp er t s
The team of experts consisted of the head of followup 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 represented 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.

The decision tree (Fig. 1) is used to determine if a further 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 decision 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 measures have already been implemented. Based on the
results from the decision tree, the potential causes of the
selected failures were determined [20].

Gr ap h ic a l r ep r e sen t at io n o f t h e p r o c es s
In the case of this analysis, the graphical representation was made in such a way that it could be used
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Table 2: Defining the probability rate of HFMEA [20].
Probability
Description
Classification
in most cases it can
remote
1
occur within 5–30 years
uncommon
occasional
frequent

in most cases it can
occur within 2–5 years
in most cases it can
occur 1–2 times a year
in most cases it can
occur several times
a year

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).

2
3
4

probability

Table 3: Hazard scoring matrix.
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

Fa i lu r e 2 A
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 pressure 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 informal 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 impossibility of measuring the cuff pressure would be possible
when a suitable pressure gauge is obtained.
Fa i lu r e 2C
Another failure in the first step was insufficient disinfection 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 properly disinfect or does not do it properly due to negligence. A partial solution may be to provide information
on the subject in the form of a guideline or training.

Fig. 1: Decision tree HFMEA [20].
Id en t i fi c at io n o f ac t io n s an d r esu lt s
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.

Fa i lu r e 2 D
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 correct, already mentioned, regular control of patient education, these risks can be partially minimized. If inappropriate equipment is the cause, it is possible to reduce
the possibility of failure through a request for a new type
of equipment.

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.
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Fig. 2: Nursing plan process.
Fa i lu r e 3 A

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.

It was also necessary to address the failure associated
with catheter control and replacement. One of the
causes of failure during catheter inspection and replacement 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 caregivers after the first 6-12 months.
Fa i lu r e 4 A
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. Nonobservance of hygienic principles requires that informal caregivers be thoroughly educated to minimize this
risk. For example, guidelines or training on the importance of the problem and how to deal with the situation
can help.

Fa i lu r e 6 A
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 intensity 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

Fa i lu r e 5 A
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 insufficient positioning frequency, patient fall during positioning 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 caregiver again, further it is possible to partially eliminate
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thoroughly communicate with the patient in order to
avoid any adverse events.

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 subsequent 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 undoubtedly very demanding and can have negative
psychosocial effects on all parties involved and consequently 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, including 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 appropriate for the identification of health risks, as confirmed
by G. Faiella [17]. The above-mentioned fact was confirmed 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 situation 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].

Fa i lu r e 6 D
The risk associated with air humidification in respiratory 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 ventilator. This risk can arise both from insufficient education 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 lu r e 7 A
The last step in the nursing plan is the user maintenance 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 poorly 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 support through checklists and regular check-ups.
The transition of a patient with mechanical ventilation 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 establish 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 involved 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 benefit 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
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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 retrospective Root Cause Analysis (RCA) method to serve
as a retrospective assessment of the root causes of patient rehospitalization. The Fault Tree Analysis (FTA)
based on the results of the HFMEA and FMEA
methods, would be used to deepen the analysis of highrisk failures. This model was introduced by the authors
in 2018 [25].

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 individual steps.

Conclusions
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