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Abstract 

Background  PRiVENT (PRevention of invasive VENTilation) is an evaluation of a bundle of interventions aimed 
at the prevention of long-term invasive mechanical ventilation. One of these elements is an e-learning course 
for healthcare professionals to improve weaning expertise. The aim of our analysis is to examine the implementation 
of the course in cooperating intensive care units.

Methods  The course has been developed through a peer review process by pulmonary and critical care physicians 
in collaboration with respiratory therapists, supported by health services researchers and a professional e-learning 
agency. The e-learning platform “weLearn” was made available online to participating healthcare professionals. Feed‑
back on the e-learning programme was obtained and discussed in quality circles (QCs). We measured the acceptance 
and use of the programme through access statistics.

Results  The e-learning course “Joint Prevention of Long-Term Ventilation” consists of 7 separate modules with prac‑
tice-oriented training units as well as a cross-module area and corresponding interactive case studies. Users can 
receive 23 CME (continuing medical education) credits. The platform was released on July 1, 2021. By June 28, 
2023, 214 users from 33 clinics had registered. Most users (77–98%) completed the modules, thus performing 
well in the test, where 90–100% passed. In the QCs, the users commended the structure and practical relevance 
of the programme, as well as the opportunity to earn CME credits.

Conclusion  Especially for medical staff in intensive care units, where continuous training is often a challenge dur‑
ing shift work, e-learning is a useful supplement to existing medical training.

Trial registration  The PRiVENT study is registered at ClinicalTrials.gov (NCT05260853) on 02/03/2022.
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 Take home message: The e-learning course “Joint Prevention of Long-Term 
Ventilation” was implemented in the PRiVENT project and proofed to be a 
useful addition to existing medical training, particularly for ICU staff where 
shift work impedes continuing medical education.
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Background
Lifelong learning is an indispensable requirement for 
appropriate patient care in intensive care medicine. 
This is a major challenge for all intensive care unit 
(ICU) professionals due to the already high workload 
and shift work. In an era of decentralised and indi-
vidualised learning, web-based teaching formats are 
playing an increasingly important role in undergradu-
ate and professional education. Particularly in medical 
areas and geographical regions where training is not 
otherwise available, web-based teaching formats are 
extremely helpful [1, 2]. E-learning has been shown 
to be as effective as face-to-face teaching especially in 
a blended learning strategy [3, 4], especially for medi-
cal education, although there is insufficient evidence of 
its effectiveness on behaviour and patient outcomes [1, 
5–7]. In the course of the COVID-19 (corona virus dis-
ease 2019) pandemic, these forms of learning have been 
further developed and have become even more impor-
tant [2].

Weaning from invasive mechanical ventilation (IMV) 
is an important area of critical care medicine. There are 
a number of specialised hospitals, known as weaning 
centres, which provide units for weaning patients from 
IMV after acute medical treatment [8]. Unfortunately, 
only a small proportion of patients undergoing pro-
longed weaning are treated in these specialist centres. 
In Germany, up to 85% of patients discharged home 
with IMV did not have access to a certified weaning 
centre [9–11]. Several studies worldwide have shown 
that 60–80% of patients discharged from non-special-
ised ICUs classified as “non-weanable” could still be 
weaned if admitted to a specialised weaning centre 
[9–11]. The fact that prolonged weaning in specialised 
centres is often successful, even in patients at risk of 
long-term ventilation, shows that long-term ventila-
tion can often be avoided with appropriate expertise. 
In addition to weaning ventilator-dependent patients, 
weaning centres are also responsible for the care and 
transfer of patients who cannot be weaned and are 
discharged to outpatient care with invasive ventila-
tion [12]. To meet all these needs, a multi-professional 
team with expertise and specialisation in weaning is 
required, consisting of respiratory or intensive care 
physicians, respiratory therapists, physiotherapists, 
speech therapists, psychologists and specialist nurses. 
These uniqe resources are present in weaning centres 
but usually not in other ICUs.

The PRiVENT project evaluates various methods 
aimed to improve the weaning process and outcomes in 
these ICUs in order to reduce out of hospital long-term 
IMV. The aim of our analysis is to examine the imple-
mentation of the course in cooperating ICUs.

Methods
Knowledge transfer in PRiVENT
The PRiVENT project is a prospective, interventional, 
multicentre, mixed-methods study investigating a bun-
dle of interventions to reduce long-term out-of-hospital 
IMV. The intervention protocol is published elsewhere 
[13]. One element of the project is the transfer of exper-
tise from specialised weaning centres to other ICUs. 
Four certified weaning centres supporting a total of 40 
ICUs in cooperating hospitals are involved in Baden-
Württemberg (Germany). The improvement of weaning 
competence is to be achieved through interdisciplinary 
case discussions in so-called weaning boards and bedside 
weaning consultations. In addition, an e-learning plat-
form was developed to enable self-study by health profes-
sionals and to train more staff.

Project partners and development process 
of the e‑learning course
Pulmonologists and intensivists worked with respira-
tory therapists to develop the course in a co-creation 
process. All the clinicians involved had to have many 
years of clinical experience in weaning to ensure that 
they were able to develop a course which would help in 
everyday clinical practice. The team was supported by 
health services researchers and a professional e-learning 
agency (common sense eLearning & training consultants 
GmbH, Vienna, Austria), who developed the didactic 
concept and produced the content with regard to known 
effective techniques [14–16]. Technical support and 
administration of the platform is provided by the aQua 
Institute (aQua Institute for Applied Quality Promotion 
and Research in Health Care, Göttingen, Germany). The 
course was made available to the participating health pro-
fessionals online on the e-learning platform “weLearn”.

First two pulmonologists and two respiratory thera-
pists discussed the didactic concept with common sense 
eLearning. With this framework the concept was dis-
cussed with a total of 10 pulmonologists and 5 respira-
tory therapists from 4 different weaning centres in order 
to agree on the most relevant topics in weaning consider-
ing the current German guideline on weaning [17]. The 
learning goals were defined by what the 15 participants 
thought was necessary knowledge on an acute ICU and 
on a weaning ward to appropriately care for the patients. 
Then the different topics were divided between those 15 
depending on who had the greatest expertise for a spe-
cific topic. The first draft as text was sent to the other 
14 for peer-review until all 15 agreed the final texts for 
all topics. Common sense accompanied the process and 
implemented the texts together with the clinicians in to 
the agreed upon didactic concept.
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E‑learning modules
The developed course is modular, with the individual 
modules being self-contained and structured according 
to a consistent didactic concept. After a brief introduc-
tion in module 1, each subsequent module begins with 
an introductory video, followed by web-based learn-
ing units, handouts and a knowledge assessment test. 
In addition, there are cross-module areas that allow the 
user to view the content from different perspectives 
and to deepen it by reviewing important aspects.

Review of learning objectives
The knowledge test at the end of each module is a 
knowledge assessment test. If passed, a certificate is 
issued which can be used to claim CME credits for 
physicians and nurses from the State Chambers of 
Physicians Baden-Württemberg (Landesärztekammer 
Baden-Württemberg) and the “Registrierung beruflich 
Pflegender GmbH”.

Interactive case presentations
A total of three fictional patient cases complete the 
programme. The patient cases are designed to illus-
trate common clinical problems and enable the user to 
apply knowledge from previous modules, in consulta-
tion with the project partners. Videos, pictures and 
audio commentaries are intended to bring the cases to 
life. The user is guided through the medical history, the 
pre-diagnoses, and the clinical course so far, then the 
corresponding therapeutic measures are discussed and 
explained by the treatment team, and finally the further 
course of the patient is described.

Quantitative analysis of user numbers
The use of the platform is recorded continuously and 
examined descriptively in the current analyses. In addi-
tion to the absolute number of users, the intensity of 
use of the individual modules and the cross-module 
areas was recorded. It was also examined how many of 
the participants completed the case studies at the end 
of the modules, took part in the knowledge assessment 
test and passed the tests and received their certificates. 
In the beginning the recruiting of the cooperating clin-
ics was still ongoing. The last clinics were initiated in 
April 2023. Therefore, the user data from 28th of June 
2024 include all 40 cooperating clinics. Numbers on 
how many people in the clinics could have used the 
e-learning platform can only be estimated, because the 
extend of staff of the different ICU differs immensely 
and the access information was spread in each ICU by 
their physician in charge. An estimation is that in each 
of the 40 ICUs in average 3 physicians and 5 nurses 

had access to the platform, resulting in 320 people who 
could have accessed the e-learning.

Qualitative feedback on user content
Feedback on e-learning was assessed by the aQua Insti-
tute and then processed and made available to the qual-
ity circles [18]. The feedback is discussed in the QC and 
improvements are made where necessary. The quality 
circles are led by trained moderators consisting of a 
respiratory physician and a respiratory therapist from 
the weaning centres. Each weaning centre has its own 
QC with one or two participants from each of its coop-
erating ICUs. The moderator training includes the QC 
structure with analyse, plan, do and evaluate, as well 
as the concept and psychology of moderating, com-
municating, interacting, balancing, dealing with diffi-
cult situations and obstacles. The e-learning QCs focus 
on the feedback of all users on the e-learning course. 
The relevant user data from the e-learning platform 
was analysed by the aQua institute and sent to all par-
ticipants of the QC upfront. The participants from the 
cooperating clinics were asked to discuss the e-learning 
and user data with everyone who had access to the plat-
form and collect their feedback. During the QC a short 
presentation by the moderator contained an overview 
of the e-learning platform, the user data and questions 
concerning the e-learning platform, e.g. how it was 
received, if it is known well enough, how the user data 
could be improved, and what should be changed.

Table 1  Designation of the e-learning modules

M1 Introduction into the project

M2 After intubation

  Part 1 Respiratory support in acute respiratory failure

  Part 2 Respiratory support in COPD

M3 When does weaning start?

M4 Supportive measures in weaning

  Part 1 Nutrition at the ICU and in weaning

  Part 2 Prevention and therapy of nosocomial infections in weaning

  Part 3 Management of analgesia, sedation and delirium in weaning

M5 Weaning process

M6 Specific secretion management

  Part 1 Physiological basics and therapeutic principles

  Part 2 Additional basics and use of assistive devices

  Part 3 During ventilation: humidification, inhalation therapy 
and advantages of an artificial airway

M7 Discharge management
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Results
The e-learning course “Joint Prevention of Long-Term 
Ventilation” was developed in peer review process 
between the partners and consists of different modules 
(Table 1) with practice-oriented training sessions as well 
as a module cross-module area and corresponding inter-
active case studies.

Modules
A total of 7 modules were developed based on the learn-
ing content identified as important by the experts. The 
course starts with an introduction to the project (M1). 
Modules 2–7 then largely follow the chronological 
sequence of the weaning process according to Boles et al. 
[19]. Module 2 (M2) starts immediately after intuba-
tion, focussing acute hypoxemic (part 1) and hypercap-
nic (part 2) respiratory failure especially with respect to 
the acute respiratory distress syndrome (ARDS) and the 
(chronic obstructive pulmonary disease (COPD). Mod-
ule 3 (M3) deals with weaning suspicion and weaning 
readiness. In addition, the basic principles of lung- and 
diaphragm-protective mechanical ventilation are pre-
sented [20]. What supportive measures are needed is 
explained in module 4 (M4) with a focus on nutrition 
(Part 1), prevention and therapy of nosocomial infections 
in weaning (Part 2) and management of analgesia, seda-
tion and delirium in weaning (Part 3). In module 5 (M5), 
the participant studies the technique of spontaneous 
breathing trials (SBT) and post-extubation high-flow and 
non-invasive ventilation (NIV) therapy. Furthermore, the 
indication and consequences of reintubation and trache-
ostomy are described. Module 6 (M6) focuses on secre-
tion management including physiological basics and 
therapeutic principles (Part 1), in-depth basics and use of 
secretion clearance devices (Part 2) and humidification as 
well as inhalation (Part 3). The sequence concludes with 
discharge management of patient with weaning-failure 
(M7), see Table 1.

Didactic structure of the modules
The modules are didactically constructed with illus-
trations, videos, tables and intermittent prompts, e.g. 
to click along illustrations or to progress. At the end of 
each module (M2-M7) there is a handout summarising 
the most important facts at a glance which can also be 
accessed separately and an assessment of the training 
success (Table 2).

Participation in the modules
The platform went online on July 1st 2021. From then 
until June 28th 2023, 214 users from 33 collaborating 
clinics have registered. The intensity of use is constantly 

increasing. The modules are processed systematically, 
although few users start with module 2, skipping the 
introduction into the project (access M1 166 users, M2 
170 users). The number of hits decreases through the 
modules. Only 48 users follow through to module 7 
(Fig. 1). Most users who start a module also finish it, e.g. 
M2/Part 2, 131 users started the module and 124 finished 
it. The number of participants in each module and the 
number of participants who successfully completed each 
module are shown in Fig. 1.

Review of learning objectives
Most participants used the knowledge assessment test at 
the end of each module to get the CME credits (Fig. 2). 90 
out of 109 (82.6%) users of module 3 took the test. In M7, 
97.6% (40/41) completed the test. Of those performing 
the tests, the success rate is at least 97% except for mod-
ule 3, where it is 88%. The number of participants who 
took the test after each module and the proportion who 
obtained a certificate is shown in Fig. 2.

User analysis of the cross‑module areas and the handout
The handout at the end of each module is read by nearly 
as many users as the module itself, e.g. M4/Part 2 62 
users, handout 49, M7 40 users, handout 41 (Fig.  3). 
Among the cross-module area the news section has the 
highest access rates followed by FAQ (frequently asked 
questions), glossary and resources. The feedback sec-
tion has not been used, yet (Fig. 4). But feedback is given 
separately to aQua institute during the QC. The access 
rates for the case studies are lower than for the modules 
(Fig. 5), maybe due to the later release date.

Interactive case presentations
The project partners have developed three interactive 
cases to put the learning into practice. The cases of Stefan 
Messner, a management consultant who presents with 
COVID-19 (corona virus disease 2019) ARDS (acute res-
piratory distress syndrome), Uwe Schäfer, who presents 
with an exacerbation of his COPD (chronic obstructive 
pulmonary disease) with additional obesity-hypoventi-
lation syndrome, and Olga Koslovska, a pensioner, take 
place in the fictional “Hoch-Alb Krankenhaus”. The fic-
tional characters, whose profiles are underlined by their 

Table 2  Modules’ didactic structure

Module No. and Designation

E-learning units

Handout

Test

Certificate
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personal and medical preferences and history, are cared 
for by various members of the hospital staff. The treat-
ment team which is presented in a short introductory 
unit (Fig.  6 upper left quadrant) includes the experi-
enced specialist Dr. Sandra Schiller, intensive care nurse 
Theodor Altmann, who “has seen it all” with 20  years 

of professional experience, as well as respiratory thera-
pist Benjamin Luft, physiotherapist Samira Azemat, 
social worker Barbara Huber and speech therapist Tim 
Schöllermann. The young resident Chris Weber and the 
user are guided by the team. The cases are brought to life 
through photos, illustrations and audio commentaries 

Fig. 1  User analysis e-learning units. Shows the number of participants in each module and how many successfully completed each module. The 
number of hits decreases through the modules. Only 48 users follow through to module. Most users who start a module also finish it

Fig. 2  User analysis test. Shows the number of participants who took the test after each module and the proportion who obtained a certificate. 
Most participants used the knowledge assessment test at the end of each module to get the CME credits. 90 out of 109 (82.6%) users of module 3 
took the test. Of those performing the tests, the success rate is at least 97% except for module 3, where it is 88%
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Fig. 3  User analysis handout. Shows the access rates for the handout at the end of each module decline from 1st to 7th module

Fig. 4  User analysis cross-module area. Shows the analysis of the cross-module area with highest access rates in news and no access so far 
in feedback

Fig. 5  User analysis case studies. The access rates for the case studies are shown. They are lower than for the modules, maybe due to the later 
release date
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with dialogue from the protagonists (Fig.  6 upper right 
quadrant) Interactive exercises allow e-learning partici-
pants to test their own level of knowledge for impressions 
from the case studies (Fig. 6 lower left quadrant) as well 
as seeing the results of the correct therapy (Fig. 6 lower 
right quadrant) The case studies will be published online 
step by step; at the moment, two case studies have been 
published (Messner: 16.03.2022; Schäfer: 12.04.2022; 
Koslovska: 19.07.2023). The number of users is still low 
with a total of 27 accesses (case study 1) due to the later 
publication. But when analysing the access figures, it is 
noticeable that the majority of users who start one of the 
case studies also complete it (Fig. 5).

Qualitative feedback on user content
The QCs took place during the period 27.04.2022 to 
29.11.2022 with representatives from the weaning cen-
tres. Some of them stated that they had not yet found 
the time to use the course because of their heavy work-
load in the context of the COVID-19 pandemic. For 
those who had the opportunity, the e-learning was very 
well received. Users commended the course for being 

structured and clear, and for using a variety of methods 
to help them learn. The opportunity to earn CME credits 
was welcomed by both physicians and nurses. Especially 
the young physicians and nurses reported about a great 
gain in new knowledge, the more experienced ones also 
reported knowledge gain, but to a lower degree. There-
fore, the difficulty of the course content was evaluated as 
balanced for the different professions and levels of expe-
rience. The tests were evaluated as appropriate for the 
modules. The new knowledge required was trained in the 
module. Therefore, the correct answer could be selected. 
Without the module the tests would have been more 
difficult.

Discussion
As part of the PRiVENT study, a comprehensive e-learn-
ing course was developed. As ventilator weaning is 
a team effort [21, 22], it was important to us to impart 
this knowledge not only to the physicians involved in the 
study, but to all ICU staff.

The course comprises a total of 7 different mod-
ules covering the process of ventilator weaning from 

Graphic with part of the treatment team

Result of the correct therapy

Fig. 6  Impressions from the case studies. Shows impressions from the case studies. The cases are brought to life through photos, illustrations 
and audio commentaries with dialogue from the protagonists (Fig. 6 upper right quadrant) Interactive exercises allow e-learning participants to test 
their own level of knowledge for impressions from the case studies (Fig. 6 lower left quadrant) as well as seeing the results of the correct therapy 
(Fig. 6 lower right quadrant)
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intubation of the patient to discharge. The duration of the 
use of the extensive range of courses is between 4 and 5 h 
per participant. The 3 cases take about another hour. Due 
to the different elements of the PRiVENT intervention, it 
is not possible, nor was it the intention of the project, to 
analyse the impact of the e-learning on direct patient care 
alone. Measuring the effectiveness of e-learning is rather 
difficult. It is often based on the evaluation and feedback 
of the users [5–7].

We used quality circles as a tool to communicate with 
users and to measure the impact of the programme 
on them and to see how they accepted it. QC are small 
groups of 5–15 equal health care professionals to asses, 
improve and reassess standard practices and methods. 
They are not standardised and have complex techniques 
[18]. The analysis of the acceptance of the programme by 
health care workers shows that it is well received, based 
on the content of the created programme and the analysis 
of the access statistics.

Participants agreed that the programme’s combina-
tion of different learning media, videos, case studies, fact 
sheets, illustrations and interactive case studies made 
it possible to present the sometimes very complex con-
tent in a didactically meaningful and engaging way. In 
ICUs, continuing education is a necessity [23], but also 
a challenge due to shift work and high workloads caused 
by staff shortages. Many practical skills play an impor-
tant role in the weaning process, particularly in relation 
to ventilator settings or secretion management. These 
important skills are often not taught in undergraduate or 
postgraduate medical or nursing education.

The evaluation shows that the modular structure of the 
programme, with the possibility of completing smaller 
learning units as a whole, is particularly positive here, 
with users generally completing the individual mod-
ules as a whole. We believe that this type of decentral-
ised learning approach makes particular sense in an area 
such as intensive care, where staff usually work shifts and 
weekends and are often unable to take advantage of tra-
ditional training opportunities [24]. The decline of the 
access rates throughout the modules is a drawback to this 
kind of structure. The participants of the QC completed 
all 7 modules and could not give feedback on the reasons 
for that decline. A reason could be that a part of the users 
is only in rotation on an acute ICU with limited time, 
resources and interest in weaning from IMV. Although 
weaning is important in all ventilated patients, tit is less 
popular than more invasive topics, e.g. ECMO (extracor-
poreal membrane oxygenation).

Our analyses based on the feedback in the QCs showed 
that the course was successful in filling knowledge gaps 
for both doctors and nurses, with the clinical-practical 
aspect, which was incorporated into the programme in 

collaboration with the project partners involved, being 
very well received by both professional groups. In the 
project, practical skills, e.g. regarding the ventilation of 
patients with obstructive airway diseases, were explained 
with examples in addition to the classical guideline 
knowledge, especially regarding the guideline “Prolonged 
Weaning”, published by the German Respiratory Society 
(DGP) [25].

The different levels of knowledge were not an obstacle 
for either professional group to use the programme. The 
QCs reported that the programme was used intensively, 
especially by the nursing staff. The possibility of a per-
formance review and subsequent application for CME 
credits was very much welcomed by users from both pro-
fessional groups, doctors and nurses.

The recently published global observational study, 
WEAN SAFE, shows that there is a significant need 
for further education in different ICUs, especially with 
regard to weaning. The results show that among critically 
ill patients who received invasive mechanical ventila-
tion for at least 2 days, only 65% were weaned at 90 days. 
The fact that excessive sedation, which is often not the 
sole responsibility of the physician, was associated with 
adverse outcomes in this context suggests that compre-
hensive training approaches involving the whole ICU 
team may improve weaning success rates [25].

Limitations
A limitation of our analysis is that it is not possible to 
distinguish whether the users were physicians or nurses, 
as little information about the users was assessed by 
the platform for data protection reasons. The fact that 
the COVID-19 pandemic placed a particular burden on 
intensive care units at the same time as the start of the 
study was a major challenge for the PRiVENT project. 
This burden is certainly reflected in the number of users 
of the e-learning. However, it speaks for the quality of the 
programme and the usefulness of this form of learning in 
ICUs that so many users participated in the course and 
that the modules, once started, were usually completed.

Conclusion
A comprehensive, practical e-learning course to improve 
weaning competence was developed in collaboration 
with the various project partners. The user statistics and 
feedback from the QCs show a good acceptance among 
the physicians and nurses of the participating ICUs. We 
believe that e-learning can be a useful addition to existing 
medical training, particularly for ICU staff, where con-
tinuing education is so important but often challenging 
in shift work.
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