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Abstract

Background The number of patients depending on home mechanical ventilation (HMV) has increased substantially
in Germany in recent years. These patients receive long-term care in different nursing facilities (nursing home, shared
living community, private home). However, there are limited data available on the quality of care of HMV patients. The
aim of the OVER-BEAS project was to identify quality indicators (Qls) of HMV care using an evidence-based approach.

Methods A multidisciplinary board consisting of professionals and experts of HMV provision compiled a set of
Qls between March and September 2019. In a structured, transparent process a set of Qls covering structures,
processes and outcome of HMV patient’s care were proposed and evaluated based on the best available evidence.
Qls were defined as relevant, reliable and valid measurements of the quality of HMV care and furthermore to be
comprehensive and applicable in practice.

Results The experts proposed 40 Qls and consented a final set of 26 Qls. Based on the final set, questionnaires to
document the Qls were developed: (1) to assess the quality and describe the structure of the nursing facility; and (2)
to gather information on patient-related processes and outcomes. The feasibility of the questionnaires was tested in

5 nursing facilities treating HMV patients. The remarks from the nursing specialists were categorised in three groups:
(1) term missing accuracy, (2) problem of understanding, and (3) not documented or documented elsewhere. Mean
documentation time by the nursing specialists for one patient was 15 min. Based on this feedback, the questionnaires
were finalised.

Conclusions We proposed a set of Qls relating to long-term HMV care and developed two questionnaires to collect
this information. In a pilot study, we found the set of questionnaires to be feasible in assessing the quality of HMV care
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according to current evidence. The development of standardised evidence-based Qls to evaluate HMV care is a step
towards implementing a standardised quality assurance program to document the quality of care of HMV patients.

Keywords Home mechanical ventilation, Quality indicators, Quality of care, Chronic respiratory failure, Invasive

ventilation, Non-invasive ventilation

Background

Home mechanical ventilation (HMV) is standard of care
in Germany for patients with chronic respiratory failure
[1]. Two types of HMV exist: 1). non-invasive ventila-
tion (NIV), e.g. using a face mask and 2). invasive venti-
lation via inserting tubes/ tracheostomy [2]. For patients
depending on HMYV three different living situations are
provided: home care (HC), specialised shared living
communities (SLC), and nursing homes with a focus on
long-term HMV care (NH) [2, 3]. In HC, patients live
autonomous or supported by a specialised long-term
care nursing service (24/7, 1:1 care). In SLC up to 12 indi-
viduals in need of care live together [3, 4]. In Germany,
most HMYV patients live in HC or in SLC [5]. To date,
only limited evidence is available on the health care situa-
tion of HMV patients in Germany [3, 6, 7].

The number of patients depending on HMV is rapidly
increasing in Germany and worldwide [8—16]. In 2005,
the Eurovent survey estimated a prevalence of HMV of
6.6 per 100,000 people in 16 European countries with a
total of 1,000 HMV patients in 2005 in Germany [6].
Recent surveys estimated a prevalence of HMV patients
varying from 20 up to 367 per 100,000 people in differ-
ent European countries [16, 17]. Currently, the number
of HMV patients in Germany is estimated to be around
15,000 and 30,000 [1, 8, 9].

Population ageing and its correspondence to a higher
prevalence of co-morbidities could be a reason for the
rising number of HMV patients in Germany [18]. It
might be caused by improving survival rate of medically
dependent patient populations and widening indications
as demonstrated by guidelines for invasive and non-inva-
sive home mechanical ventilation [2], that specifically
recommend that difficult-to-wean patients should be
transferred to specialised weaning centres. These centres
are capable of assessing the individual weaning potential
and also implementing long-term, home-based care if
weaning is unsuccessful.

The costs for the 1:1 care of an HMYV patient at home
can be up to 250.000 Euros per year [1], while the expen-
diture generated by out-of-hospital intensive care ser-
vices is estimated at over 2.2 billion euros per year in
Germany [19]. Although proven to be beneficial and
cost-effective in several indications and settings [20],
HMYV poses a major challenge to the health system, both
in respect to personnel and financial resources, as the
growing need for HMV might result in a decline of qual-
ity of care and unfavourable outcomes.

Although the evidence basis for HMV and its conse-
quences on quality of life has increased, there is still not
enough data available on the quality of care of HMV
patients [21]. Recently different health care profes-
sionals (HCP) were interviewed on the quality of care
for patients depending on HMV [22]. The HCP mostly
criticised the lack of mandatory standards and statutory
quality control systems in HMYV, stating that financial dis-
incentives lead to mismanagement in the care. In 2020,
the German government passed the Intensive Care and
Rehabilitation Strengthening Act (IPReG) [23]. Accord-
ing to the IPReG, a patient’s weaning potential should
be assessed regularly, access to rehabilitation should be
facilitated and mandatory quality measures should be
implemented [23].

However, an evidence-based standardised set of qual-
ity indicators, able to evaluate the quality of care of HMV
patients in Germany, is still absent. Therefore, the objec-
tive of the present study was to develop a set of quality
indicators (QIs) to measure quality of HMV care using
a standardised and evidence-based approach. A second
aim was to test the feasibility of these indicators in the
routine care of nursing care facilities providing HMV
care.

Methods

Constitution of the quality indicator board (QI board)

In March 2019, experts of different disciplines in the field
of HMV and long-term care, working in the “Out-of-Hos-
pital Critical Care” working group of the Bavarian State
Office for Health and Food Safety (LGL), were invited
to join the QI board for the development of evidence-
based QIs. A total of 15 associations were reached to
ensure that all relevant professions were involved in the
process. The board consisted of representatives of medi-
cal long-term and emergency/intensive care (i.e. general
practitioners, pulmonologists, anaesthesiologists), stake-
holders from the health care professions (nursing special-
ists, occupational therapists, speech therapists, physical
therapists), an HMV patient representative, representa-
tives from home respiratory services, weaning centres,
health insurance companies, the medical service of the
health insurance companies (MD Bavaria), and method-
ological specialists.

Methodological approach
The process for the development of QIs was adapted from
the recommendations of the First Scientific Forum on
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Assessment of Quality of Care and Outcomes Research
in Cardiovascular Disease and Stroke of the American
Heart Association and the obligations for clinical per-
formance measures in the German Health Care system
[24, 25]. The same approach was already used in previous
studies in acute and rehabilitation stroke care, as well as
in Parkinson’s disease [26—28]. The approach included a
standardised Delphi process, a literature search and the
critical evaluation of the available evidence.

Definition of the QI term and methodological requirements
A QI should reflect the standard of care for all appropri-
ate patients. Thereby, a QI should include exact criteria
for the selection of suitable patients for the specific indi-
cator. Evidence-based guidelines can and should support
the development of QIs [24, 25].

The consented QIs should be a relevant, reliable and
valid measurement for the quality of care, as well as com-
prehensible and applicable in practice. Hence, the QI
board agreed on the following methodological require-
ments for the QIs [24, 25]:

+ The proposed QIs should represent an important
outcome for the patient or society. If not, it must at
least be closely related to those outcomes;

+ It should be valid and reliable, ensuring a valuable
measure of health care quality;

«+ It should be possible to adjust for patient
variability. Observed differences should only
relate to performance or process differences of the
participating institutions and not disparities in
patient characteristics;

+ The collection of data in the long-term care setting
should be feasible in the routine of health care
providers;

« The QIs should be adjustable to changes in health
care processes, motivating health care providers to
improve their services.

Covered health care dimension

The QI board chose the Donabedian concept as theo-
retical framework. According to the concept, informa-
tion on quality of health care can be measured by three
main dimensions: structure, process, and outcome [29].
For a better reflection of different health care dimensions
in HMYV, three different health care components were
added to the health care dimension: 1). medical care, 2).
nursing care and 3). therapeutic-rehabilitative care. The
board aimed to propose at least one QI in each of the
defined health care dimensions for each component of
care, if applicable.
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Proposal of the Qls and evaluation of the quality of
scientific evidence

In a first step, the QI board was divided into three groups
according to the components of care, as mentioned pre-
viously. Each group suggested potential QIs and then
provided a standardised report. This report included
the covered component of health care quality; the refer-
ences used (original publications, guidelines and con-
sensus statements); the definition of suitable patients for
whom the QI is valid; a possible adjustment for patient
variability, if applicable; and the way of data report (e.g.
rate or proportion). In a second step, the whole QI board
reviewed and consented on the proposed preliminary QI
set.

Following the proposal of QIs, a literature search was
performed in MEDLINE (via PubMed), in the Cochrane
Library and in BM] for each of the QI. The identified
evidence was prioritised by its level of evidence and its
methodological quality. If no scientific evidence was
available, consensus recommendations or expert state-
ments were considered.

Evaluation and consent of the Qls

In a third step, the QI board evaluated the preliminary QI
set according to the predefined methodological require-
ments and discussed which QIs should be included in the
final set.

In a next step, the members of the QI board rated all
potential QIs in an online survey regarding their rel-
evance and practicability. The rating ranged from 0 (QI
should be removed, low/ no relevance or practicability)
to 4 (high relevance or practicability). To be eligible for
the final set, a QI needed to score on average at least 2
points or higher. Based on this rating, the final QI set was
defined.

Development of questionnaires and pilot study

Based on the final QI set, questionnaires for their col-
lection in practice were developed. A prospective pilot
study was implemented to further improve the quality
of the questionnaires and to investigate the practicabil-
ity of data collection in routine care. Facilities located
in Bavaria (Germany), where HMV (invasive and non-
invasive) patients lived were invited to take part in the
pilot study. Information from the patient files was used
to fill out the anonymous questionnaire by the nursing
staff. If the information was missing or not documented
in their routine, the participating facilities were asked to
leave a comment in the questionnaires. Furthermore, the
facilities were requested to give feedback on the ques-
tionnaires and its feasibility in their daily routine and the
time needed to complete the questionnaires. On the basis
of the feedback that we received from the participating
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nursing care facilities, the questionnaires were adapted
and finalised.

Ethics approval and consent to participate

The study was performed in accordance with the Decla-
ration of Helsinki and all methods were fully approved
by the ethics committee of the Medical Faculty of the
University Wiirzburg (No. 57/19-sc). The study protocol
approved by the ethics committee comprised that the
obtainment of informed consent for the pilot study was
not necessary, as all questionnaires were anonymous and
based on retrospectively collected routine data and iden-
tification of patients was not possible. The requirement
for informed consent was waived by the ethics commit-
tee of the Medical Faculty of the University Wiirzburg
because of the retrospective nature of the study. The
responsible data protection officer accepted the data
management concept.

Results

Development of a set of Qls

The process to define the QI set took place in one face-
to-face workshop, one phone conference and an online
survey between March and September 2019. The detailed
process is presented in the Fig. 1. A literature search was
carried out before the QI development started. No pub-
lished QIs for HMV care in Germany were identified.

At the face-to-face workshop, 40 QIs were proposed
and formulated for the initial QI set. After evaluation
of the scientific evidence and a consent process, 26 QI
were maintained in the final QI set. The initial QI set in
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comparison with the final QI set is provided in the Sup-
plement (Table S1). Of those 26 QIs 15 were classified as
structural indicators, 8 as process indicators and 3 as out-
come indicators. The final QI set is provided in Table 1.

Development of questionnaires and pilot study

Based on the final QI set, 2 questionnaires were devel-
oped to assess the quality of care in the routine HMV
care in a cross-sectional manner. The first questionnaire
collects structural data about the health care facility and
the second one collects process and outcome data related
to the patient. A pilot study to assess the feasibility of
documenting the final set of QIs in routine HMV care
was carried out in five facilities between December 2019
and May 2021. All participating facilities were shared liv-
ing communities (SLC) specialised in intensive care. A
manual with a detailed description of the questionnaire
items was provided.

The mean time to document the information was
about 15 min for each questionnaire. The feedback given
on both questionnaires was as follows: The facilities
reported that it was feasible to complete the question-
naires in their daily routine. Their remarks were cat-
egorised in three groups: 1). term missing accuracy; 2).
problem of understanding; and, 3). information not doc-
umented in patients’ files or documented elsewhere. For
the structural QIs in 12 questions terms missed accuracy,
for 4 questions comprehension problems occurred and 3
questions could not be answered as the information was
not documented or documented elsewhere. For patient
related process and outcome QIs in 2 questions terms

\phase/

Fig. 1 Ql development process

Health Care Dimensions
Health Care Components Structure Process Outcome
Medical 7 3 1
Therapeutic-rehabilitative 4 6 5
1. Development of Qls
Nursing 4 6 4
\/ Considering the best available evidence
2. Evaluation and
consent of Qls Total Qls 15 8 3
v Structure Process Outcome
Questionnaire regarding Institution Patient
3. Development of
questionnaires and pilot
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Table 1 Overview of the final quality indicator (Ql) set
Quality indicators (n=26) Definition Health care component Evidence
Struc-  Comprehensive transition Reduction of complications within the transition process ~ Medical recommendation
tural in-  management to weaning centre S2k-guideline
dicators (from hospital)/ contact to wean-
(n=15) ing centre/ contact person at
weaning centre (5_01)
Acute-hospitalisation of patients ~ Assessment of structured transition of patients in long Medical recommendation
(5_02) term care into a hospital S2k-guideline
Emergency management and Assessment of the availability contact dates of relatives, Medical recommenda-
concepts in case of infrastructure  general practitioners, pulmonologist, weaning centre and tion expert
deficiencies (S_03) medical device providers
Early detection of complica- Reduction of complications in case of an emergency for ~ Medical recommendation
tions (S_04a) and Complication  relatives, patients, nursing care facility, other health care S2k-guideline
management (S_04b) providers
Qualification of nursing staff Guarantee of high quality of care; assessment of the Nursing recommendation
(vocational training and training  education of the nursing staff and if necessary qualifica- S2k-guideline
for intensive care ) (S_05) tions for the treatment of mechanical ventilated patients
are obtained
Nursing staff to patient ratio (am- Guarantee of a professional work environment by ad- Nursing recommenda-
bulatory intensive care - assisted  equate staffing; assessment of the numbers of employed tion expert
living communities) (S_06) nurses and of the patients
Qualification and additional Standard health care; therapeutic measures should only ~ Therapeutic-rehabilitative  recommenda-
qualification of therapists (5_07)  be performed by therapists with permission to own this tion expert
professional title in Germany
Participation of the nursing Guarantee of high quality of care by regular training; Nursing recommenda-
facility in external quality circles  assessment if the nursing facility takes part in external tion expert
(S_10) boards and if they are in regular exchange with other fa-
cilities, thereby stays up-to-date regarding recent changes
and demands and strives to improve to own quality of
care
Interdisciplinary case confer- Assessment of regularly performed and documented mul- Medical recommenda-
ences (S_11) tidisciplinary (at least: pulmonologist, general practitioner tion expert
and breathing therapist) case conferences
Hygiene plan and concept Infection prevention and assessment of medical care Medical recom-
(S_12a) and training of nursing mendation
staff regarding hygiene (S_12b) S2-guideline
Access to endoscopic dysphagia  Appropriate assessment of dysphagia and coordinated Therapeutic-rehabilitative recommenda-
diagnostic equipment (S_14) therapeutic measures tion expert
Offered social care/ social care Assessment if social participation is promoted by the Nursing recommenda-
used by patients (S_15) nursing care facility and if it is used by the patients tion expert
Assessment of QoL (quality of Considering the effect of mechanical ventilation on Nursing/ recommendation
life, social participation, activity ~ patients' quality of life, participation in social life and daily ~ Therapeutic-rehabilitative S2k-guideline

of living) (5_16)

activities)
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Table 1 (continued)
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Quality indicators (n=26) Definition Health care component Evidence
Process Comprehensive transition and Reduction of complications during the transition (patient ~ Medical recommendation
indica-  discharge management into level) S2k-guideline
tors long-term care (P_01)
(n=8)  Induction of informal caregivers  Improvement of processes in the home care setting, Nursing/ recommendation
by nursing team (P_02) optimal patient care by training of relatives, increase Therapeutic-rehabilitative  S2k-guideline
in patients' participation in social life, support regard-
ing prevention/reduction of concomitant diseases and
complications
Patients' say in choosing they The patient should choose their nursing specialist and Nursing recommendation
nursing specialist and therapists  therapists, to guarantee a continuous and appropriate S2k-guideline
(P_05) care for the patients
Guaranteed supply of therapeu-  The patient receives physiotherapy, occupational and Therapeutic-rehabilitative  recommenda-
tic measures and continuous speech therapy within a defined time period (with de- tion expert
therapy sequence (P_07) fined therapy sequence and without pauses)
Mobilisation of the patient (P_11) Provision of activating care Medical recommendation
S2k-guideline
Follow-up visit of patients at the  Optimisation of mechanical ventilation settings Nursing recommendation
initiating weaning centre (P_14) S2k-guideline
Needs assessment by an external Guaranteed optimal care situation Nursing/ recommendation
assessor (P_15) Therapeutic-rehabilitative  S2k-guideline
Inter-professional cooperation The therapeutic concept is coordinated between all Therapeutic-rehabilitative  recommenda-
(P_16) therapeutic groups; all responsible health care professions tion expert
meet regularly
Out- Number of hospital admissions ~ Detection of complications in the intensive care; as- Nursing recommendation
come (O_05) sessment of the proportion of patients that had to be S2k-guideline
indica- re-admissioned to a hospital due to worsening of the
tors underlying disease or due to an incident disease
(n=3) Complication rate (O_06) Reporting defined complications Medical/ Nursing/ recommendation
Therapeutic-rehabilitative  S2k-guideline
Cases for which the extend of Recording of reduction of scope of nursing care Nursing recommendation
nursing care could be reduced S2k-guideline

(0_08)

missed accuracy and for 4 questions comprehension
problems occurred. The remarks were discussed and the
wording of the questionnaires were adjusted. The final
questionnaires are available in the Supplement (Supple-
mentary Material S2 and S3).

The results of the pilot study are summarised in
Tables 2 and 3. An average of six patients lived in the
participating institutions, of which at least two were
dependent on mechanical ventilation. At least 80% of the
nurses working in the facilities had documented experi-
ence working with intensive care and at least one of the
nurse staff was a specialist for anaesthesia and intensive
care, but in only one of the facilities all staff had an addi-
tional qualification in the field of HMV.

For the patient questionnaire, information about nine
patients could be collected. One of them lived at home
and the other eight in an SLC. Most of them were male
and had an average age of 55 years. Almost none of the
relatives of the patients was trained in HMV care. All
patients received at least one type of therapy (either
physical, speech or occupational therapy) and just one of
them had a therapy pause for at least three months. Fur-
thermore, the patients were mobilised regularly. None

of the patients presented themselves at a weaning centre
in the last year and two of them received no revision on
their assessment. Two of them had to be hospitalised in
the last year because of an acute complication.

Discussion
The aim of this study was to develop a set of quality indi-
cators (QIs) measuring the quality of HMV care using
a standardised and evidence-based approach. The QI
board established 26 QIs according to structure (15 indi-
cators), process (8 indicators) and outcome (3 indicators).
The developed QIs set cover different relevant aspects of
long-term HMV care. Previous publications reported the
issues and challenges targeted by our QIs set, for instance
the importance of care based on the patients’ wishes,
caregiver education and ongoing assessment of skills
[13, 30]. For the QI development, the QI board chose the
Donabedian concept as theoretical framework. Our QI
set fulfils all predefined methodological requirements.
Prior QIs for the care of HMV patients were devel-
oped focusing on long-term oxygen therapy [31] or were
drafted more generally, stating requirements for long-
term care management (i.e. necessary infrastructure,
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Table 2 Results of the pilot study- health care facilities
Health care facility 1 2 3 4 5
Type of health care facility® SLC SLC SLC SLC SLC
Number of Patients 8 7 5

Invasive ventilated 2 2 2 1

Non-invasive 0 1 4 1

ventilated

Nursing assistants 0 0 0 2 3

Nursing specialists 20 10 17 20 17

Respiratory 1 1 0 0

therapist

Nursing specialists 1 2 1 2 3

for anaesthesia and

intensive care

Nursing specialists 18 10 14 13 5

with professional

experience in me-

chanical ventilation

Nursing specialist 20 8 5 7 11

with additional

qualification

Nursing special- 20 10 17 22 17

ists taking part in

regular emergency

training

Mean number of 3 2 4 2 2

nursing specialist

per working shift in

the facility

Therapists” 5 2 4 3

Language and 1 1 1

speech therapists”

Occupational 2 1 1 1

therapists”

Physiotherapists” 2 1 2 1
Participation in external quality circles  no no yes yes yes
How often in Q1 1 1 1

Q2 1 1 0

Q3 1 1 1

Q4 0 1 0
Multidisciplinary case conferences yes, twice peryear  no yes yes yes, if required
How often in Jan 0 1

Feb 1 1

Mar 0 1

Apr 0 1

May 1 1

Jun 0 1

Jul 0 1

Aug 1 1

Sep 0 1

Oct 0 1

Nov 1 1

Dec 0 1
Participating professions nurses, general nurses, general prac-  nurses - other profes- nurses, general prac-

practitioner, (respi- titioner, (respiratory) sions are involved if titioner, mechanical
ratory) therapists therapists language necessary ventilation provider,

and speech therapists

language and speech
therapist (external)
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Table 2 (continued)

Health care facility 1 2 3 4 5
Standardised Documentation of  yes yes yes yes yes
tools for early defecation
detection of Wound yes yes yes yes yes
complications documentation
Temperature yes yes yes yes yes
measurement
Documentation of  yes yes yes yes yes
vital signs
Documentation of  yes yes yes yes yes
oxygen saturation
Documentation yes yes yes yes yes
of pain
Documentation yes no no no yes
of fear
Documentation of  yes no yes yes yes
hyperventilation
Documentation of  yes no yes yes yes
anomalies
Other Respiratory parameters
SOP for handling complications yes no yes yes yes
Contact info available relative/ attendant, relative/ relative/ attendant, relative/ attendant, gen- relative/ attendant,
general practitio-  attendant,  general practitioner, eral practitioner, anaes-  general practitioner,
ner, anaesthetist, general anaesthetist, mechani- thetist/ pulmonologist, anaesthetist/ pulmo-
mechanical ventila- practitioner, cal ventilation provider responsible weaning nologist, mechanical
tion provider mechanical centre, mechanical ventilation provider
ventilation ventilation provider
provider
Evaluated emer-  Fire yes yes yes yes yes
gency plan Evacuation yes yes yes yes yes
Power failure yes no yes yes yes
Staff shortage yes no yes yes yes
Emergency set available for every yes no yes yes yes
patients
Annual emergency training yes yes yes yes yes
Hygiene plan/ SOP for infection yes yes yes yes yes
prevention
Nursing specialist as hygiene agent yes yes yes yes yes
Annual training regarding hygiene yes yes yes yes yes
Availability of an endoscope for swal-  no no no yes yes
lowing diagnostics
Consultation for social participation yes no yes yes yes
Offer of social participation yes yes no yes yes
Number of day care attendants 0 1 0 2 2
If there is no day care attendant, doesa yes yes yes yes
nurse take on this part?
Regular assessment of quality of life no no no no no

If yes, which instrument is used

Number of invasive ventilated patients, 0 2 0 4 0
that had to be transferred due to acute

hospitalisation within the past 12

months

Number of invasive ventilated patients, 0 0 1 4 0
that have been transferred due to

acute hospitalisation within the past 12

months within a structured process

SHC=home care, SLC=shared living community/ * All therapists are extern and not directly employed by the health care facilities
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Table 3 Results of the pilot study— HMV patients
Patient 1 2 3 4 5 6 7 8 9
Birth year 1974 - 1969 1957 1939 1956 1942 1971 1938
Sex female male female male male male male male male
Type of health care institution” HC SLC SLC SLC SLC SLC SLC SLC SLC
Invasive ventilated X X X X X
Non-invasive ventilated X X X X
Mechanical ventilation since 1993 2018 2015 2020 2020 2017 2021 2017 2019
Patient admission Discharged from yes yes yes yes yes yes yes yes yes
hospital
If yes, structured no yes yes yes yes yes yes yes
transition
Training of relatives documented no yes no no no no no no no
Documentation of patient Nursing staff no no no no no no no no yes
involvement regarding Therapists no yes no no no yes no yes yes
Therapeutic measures inthe  Physiotherapy yes yes yes yes yes yes yes yes yes
last 3 months Speech therapy no yes no yes yes yes yes yes yes
Occupational no yes yes yes yes yes yes yes yes
therapy
Therapy pause (min. 3 months) no no no yes no no no no no
Regular mobilisation of the patient yes yes yes yes yes nd. yes yes yes
Care assessment of patient: presentation at the - no no no no no no no no
responsible weaning centre within the 12 months
after discharge from hospital
Reassessment Nursing concept no yes no yes yes yes yes yes yes
Medical aid concept no yes no yes yes yes yes yes yes
Weaning potential ~ no yes no yes yes yes yes yes yes
Doctoral visit no yes no yes yes yes yes yes no
Multidisciplinary case conferences no no no no no no no n.d. no
Number of hospital admissions 0 1 0 2 0 0 0 0 0
Frequency of complications Decubitus 0 0 0 2 0 0 0 0 0
Pneumonia 0 2 0 3 2 0 0 0 0
Unplanned change 0 2 0 0 0 0 0 0 0
of cannula
Reduction of nursing care no no no no no no no nd yes
If yes, to which extend 0 0 0 0 0 0 0 0 0
If no, increase no yes no yes yes yes yes yes -
"HC=home care, SLC=shared living community
ventilation criteria and applicable service standards) QIs that can be assessed in routine long-term care, we

[32]. A previous study exclusively targeting the transi-
tion from in-hospital ventilation to long-term HMYV care
in Germany developed a set of 10 QIs using a different
approach [33]. Based on a targeted process chain and a
literature review their QIs were developed and consented
by an expert committee including industrial, economic,
and medical experts but no patient representatives.

The first structural indicator in our QI set comprises
the comprehensive transition management to a weaning
centre (S_01). A comprehensive transition management
requires a certified weaning centre, a defined registra-
tion process, the submission of medical records from the
intensive care unit, a transition protocol, a discharge let-
ter, and regular contact to the responsible weaning cen-
tre. This checklist should reduce complications within
the transition process. As we wanted to develop a set of

focused in the QI S_O1 on the completeness of the neces-
sary documents from the transferring clinic.

As our QIs set especially targets the long-term HMV
care after the discharge process, we set a huge focus on
the qualifications for HMV care obtained by the nurs-
ing care facilities. In a previous long-term observational
study covering different regions in Germany, needs and
necessary structures for HMV care were identified [34].
It was stated that information on the range of services,
on quality preserving or improving measures (e.g. quali-
fication standards for the employees or certificates of
the health care providers) and on (additional) qualifi-
cation of the nursing specialists is scarce [34]. To date,
nationwide and binding admission criteria for the care
of HMYV patients for health care providers have not been
established [35]. We tried to cover these aspects in the
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structural indicators qualification of nursing staff (S_05)
and (additional) qualification of therapists (S_07). Fur-
thermore, we considered the participation of the nurs-
ing care facility in external quality circles as a structural
indicator in our QI set (S_10). Quality circles are a rec-
ognised and proactive quality assurance method. Their
goal is to identify potential problems and to develop sug-
gestions for improvement for a more patient- and need-
oriented care.

Another focus of our structural QI set is patient safety.
We targeted patient safety in the QIs acute-hospitalisa-
tion of patients (S_02), emergency management and con-
cepts in case of infrastructure deficiencies (S_03), early
detection of complications (S_04a) and complication
management (S_04b), hygiene plan and concept (S_12a)
and training of nursing staff regarding hygiene (S_12b),
and assessment of QoL (quality of life, participation,
activity preservation) (S_16). Although different projects
to strengthen safety awareness in long-term care exist
[36—39], such systems are only partly implemented in
the home care setting. We included a QI to assess if case
conferences were regularly performed and documented
(S_11). Hence, critical incidents in long-term care are
usually discussed in (interdisciplinary) case conferences.

Regarding the process indicators, we firstly included
the comprehensive transition and discharge management
to the long-term care sector (P_01) at patient level. This
transition phase between in-hospital and long-term care
is very vulnerable. Hence, an exhaustive organisation by
the discharging hospital is necessary. The QI P_01 com-
prises several requirements for this discharge process
(e.g. stable disease, or supply with all necessary medi-
cal devices and aids) as well as a checklist based on the
DNQP expert standard for discharge management in
nursing care. The QI P_07 covers the guaranteed sup-
ply of therapeutic measures and continuous therapy
sequence. A S2k guideline for invasive and non-invasive
home mechanical ventilation, recommends physio-,
occupational and speech therapy for all HMV patients
[2]. These measures are individually prescribed by the
treating physician depending on the indication, his/
her own judgement, and on budgetary and bureaucratic
decisions [40]. However, home visits by the treating phy-
sician are seldom made and it is not always possible for
the HMV patient to visit the responsible physician in
person. Hence, the assessment of patients by the treating
physician is often hindered. Moreover, patients or their
relatives have to apply for the therapeutic measures as
“measures outside of the norm” to be reimbursed by their
health care insurance [40, 41]. This can lead to pauses or
discontinuation of the therapeutic measures. As mechan-
ical ventilation is not part of the diagnostic catalogue
justifying “special prescription requirement’, physicians
are not able to prescribe a therapy without any further
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explanation and (sometimes) off-budget. Additionally,
the lack of professional therapists is a problem concern-
ing all health care sectors [22, 42].

Different professions are involved in HMV care (i.e.
physicians, nursing specialists, therapists, medical device
providers, and cost units) and complex medical services
require regular interdisciplinary consultations to avoid
adverse outcomes [2, 35]. For this reason, we included
the QI P_16, which covers the inter-professional coop-
eration in planning and re-assessment of the therapeu-
tic concept. These aspects of individualised planning of
a multimodal therapeutic concept and nursing care were
also targeted in a previous study [33], however a detailed
description of therapeutic and nursing care measures is
missing.

The annual reassessment of HMV patients regarding
their weaning potential is recommended [2]. The reas-
sessment by an external assessor is performed in coop-
eration with the Medical Service (MD). We defined
two QIs targeting the re-presentation of patients at the
responsible weaning centre (P_14) and the reassessment
of patients by an external assessor (P_15) regarding the
nursing care concept, the medical device and aids con-
cept, and the weaning potential, respectively. Therefore,
both reassessment options are covered in our QI set.

Patients’ involvement in health care decision making
is another important aspect. Appropriate care should be
based not only on medical requirements but also on the
patient’s wishes and needs [2], and we covered this aspect
by the process indicator P_05. Additionally, we consid-
ered the necessity that the patient has to be informed on
nursing care and treatment options and also the patient’s
will as a necessary structure. That has to be considered in
the structural QI acute-hospitalisation of patients (S_02).
As this information is not routinely documented in the
patient records of nursing facilities, it was not possible to
include these aspects as process indicators.

Concerns about patient autonomy, particularly in light
of recent discussions about the IPReG, highlight the rel-
evance and necessity of QIs focusing on social partici-
pation and shared medical decision making of patients.
This was the subject of one process QI regarding patients’
say in choosing their nursing specialist and/ or therapists
(P_05) and two structural QIs regarding the offer of social
care and social participation by the responsible nursing
facility (S_15) and the assessment of quality of life (S_16).
In the first draft of the QI set after the first workshop,
even more QIs covering these aspects were included e.g.
on patients’ power of attorney and living will or on activ-
ity preservation and social participation. However, one
important requirement for the review and final consent
was that the necessary information for patient-related
(process and outcome) QIs should be documented in
the patient file and thereby easily assessable. For the
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above-mentioned points, to date no routine documenta-
tion in nursing care facilities exists. Hence, the respective
QIs were not included in the final set.

Eventually, our first outcome QI comprises the num-
ber of hospital admissions (O_05). The goal is to evalu-
ate potential complications in long-term HMYV care,
as the care situation of these patients is often unstable.
Emergency interventions and repeated hospitalisations
due to worsening of the underlying disease or due to an
incident disease are frequently necessary. Our second
outcome indicator targets the complication rate (O_06).
In HMV patients potentially life-threatening situations
can arise at any time. Hence, preventive measures are of
high importance. These measures include the documen-
tation of complications such as constipation, decubitus,
and pneumonia. Our third outcome indicator covers the
reduction of nursing care (O_08). If the general condition
of an HMV patient improves, the care delivered by nurs-
ing specialists can be reduced. By training the patient and
his/her relatives, they are able to take over some of the
nursing care tasks. This is an important aspect in long-
term HMV care, as it enhances the patients’ autonomy.

Outcome indicators are underrepresented in our QI
set, because they are more difficult to assess and it is dif-
ficult to adjust for potential factors influencing the out-
come due to heterogeneity of HMV patients. Most of
our QIs measure the structure of care. These structural
components reflect the system and setting in which care
is delivered i.e. educational and training activities of
the nursing staff, appropriateness of the equipment and
organisational measures. The advantage of structural Qls
is their expediency as they can be assessed easily and
inexpensively [43, 44]. They are strongly related to out-
come indicators, which are more seldom documented
in the routine care of HMYV patients. By embedding the
structural QIs in the questionnaire for the health care
facility we indirectly addressed the necessary processes
to guarantee the performance quality.

To test the feasibility of the developed questionnaires
we conducted a prospective pilot study. Their implemen-
tation in the care setting was considered as practicable
and retrieved plausible results for all institutions and
patients. Furthermore, all facilities reported that it was
possible to complete the questionnaires in their daily
routine in a rather short amount of time. The QI set is
an instrument that could influence the quality of care of
HMYV patients by surveying health care delivered. They
can facilitate transferring evidence into routine nurs-
ing care. In our pilot study, we could collect information
about 9 patients and 5 SLC, which was sufficient to test
the feasibility of the questionnaires, but not designed to
give first hints in long-term HMYV care.
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Strengths and limitations

Our QI set development process has strengths and
limitations. We decided to develop a set of QIs using a
standardised, evidence-based approach following previ-
ously defined recommendations to ensure high method-
ological quality and maximal transparency of our results
[24, 25]. The set of indicators was developed by a mul-
tidisciplinary board to guarantee a wide acceptance of
the results by institutions and organizations engaged in
HMYV care in Germany. Unfortunately, there is no regis-
ter of HMV patients in Germany. HMV patients living at
home are difficult to locate, as they might organise long-
term care services by themselves without using a health
care provider. The involvement of the HVM patient
representative, who is also active in different HMV and
long-term care patient organisations, was therefore par-
ticularly important to the development of our QI set.
She has first-hand knowledge on the individual and very
heterogeneous health care situations of HMV patients as
they differ not only regarding their medical diagnoses but
also in the areas and intensity of need for support. The
structural QIs (Supplementary Material S3) cannot cover
the situation of patients living at home as it was devel-
oped to evaluate the care situation in facilities providing
long-term care, but the quality of long-term care service
provided to HMV patients by shared living communi-
ties and specialised long-term care nursing services can
be assessed. Additionally, information on HC is covered
in the patient-related QIs (Supplementary Material S2).
Our questionnaires allow a follow-up of both patients
and nursing facilities as we included an entry field for a
patient and a facility ID, respectively. However, an official
database, for example integrated within the MD Bavaria,
would be necessary to collect and store the follow-up
data. A limitation in our QI development is the varying
evidence base due to a lack of published high level evi-
dence studies. Therefore, a significant proportion of the
developed indicators is based on a S2k-guideline or on
expert opinions. Furthermore, it has been discussed that
the Donabedian concept is not sufficiently differentiable
for questions in nursing care [45]. However, by extend-
ing the concept by the three health care domains medi-
cal care, nursing care and therapeutic-rehabilitative care,
a more detailed itemization for the quality of care was
possible.

Conclusion

The QIs reflect the actual status of evidence and appear
to reflect the reality of the care situation among HMV
patients. Furthermore, they should meet the demands
made within the IPReG. The development of stan-
dardised evidence-based QIs to evaluate HMV care is a
step towards implementing a standardised quality assur-
ance program for HMV, which could improve the quality
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of care of these patients. Due to the heterogeneity of the
HMV patient population, bigger studies are needed to
confirm the relevance of the individual aspects. This also
applies for the implementation of the set of QIs and the
QI questionnaires.
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