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Abstract
Mechanical ventilation (MV) is an essential part of modern 
intensive care medicine. MV is performed in patients with 
severe respiratory failure caused by respiratory muscle insuf-
ficiency and/or lung parenchymal disease; that is, when oth-
er treatments such as medication, oxygen administration, 
secretion management, continuous positive airway pressure 
(CPAP), or nasal high-flow therapy have failed. MV is required 
for maintaining gas exchange and allows more time to cura-
tively treat the underlying cause of respiratory failure. In the 
majority of ventilated patients, liberation or “weaning” from 
MV is routine, without the occurrence of any major prob-
lems. However, approximately 20% of patients require on-
going MV, despite amelioration of the conditions that pre-
cipitated the need for it in the first place. Approximately 40–
50% of the time spent on MV is required to liberate the 
patient from the ventilator, a process called “weaning”. In 
addition to acute respiratory failure, numerous factors can 
influence the duration and success rate of the weaning pro-
cess; these include age, comorbidities, and conditions and 
complications acquired during the ICU stay. According to in-
ternational consensus, “prolonged weaning” is defined as 
the weaning process in patients who have failed at least 3 
weaning attempts, or require more than 7 days of weaning 
after the first spontaneous breathing trial (SBT). Given that 
prolonged weaning is a complex process, an interdisciplin-
ary approach is essential for it to be successful. In specialised 
weaning centres, approximately 50% of patients with initial 
weaning failure can be liberated from MV after prolonged 
weaning. However, the heterogeneity of patients undergo-
ing prolonged weaning precludes the direct comparison of 
individual centres. Patients with persistent weaning failure 
either die during the weaning process, or are discharged 
back to their home or to a long-term care facility with ongo-
ing MV. Urged by the growing importance of prolonged 
weaning, this Sk2 Guideline was first published in 2014 as an 
initiative of the German Respiratory Society (DGP), in con-
junction with other scientific societies involved in prolonged 
weaning. The emergence of new research, clinical study 
findings and registry data, as well as the accumulation of ex-
perience in daily practice, have made the revision of this 
guideline necessary. The following topics are dealt with in 
the present guideline: Definitions, epidemiology, weaning 
categories, underlying pathophysiology, prevention of pro-

longed weaning, treatment strategies in prolonged wean-
ing, the weaning unit, discharge from hospital on MV, and 
recommendations for end-of-life decisions. Special empha-
sis was placed on the following themes: (1) A new classifica-
tion of patient sub-groups in prolonged weaning. (2) Impor-
tant aspects of pulmonary rehabilitation and neurorehabili-
tation in prolonged weaning. (3) Infrastructure and process 
organisation in the care of patients in prolonged weaning 
based on a continuous treatment concept. (4) Changes in 
therapeutic goals and communication with relatives. As-
pects of paediatric weaning are addressed separately within 
individual chapters. The main aim of the revised guideline 
was to summarize both current evidence and expert-based 
knowledge on the topic of “prolonged weaning”, and to use 
this information as a foundation for formulating recommen-
dations related to “prolonged weaning”, not only in acute 
medicine but also in the field of chronic intensive care med-
icine. The following professionals served as important ad-
dressees for this guideline: intensivists, pulmonary medicine 
specialists, anaesthesiologists, internists, cardiologists, sur-
geons, neurologists, paediatricians, geriatricians, palliative 
care clinicians, rehabilitation physicians, intensive/chronic 
care nurses, physiotherapists, respiratory therapists, speech 
therapists, medical service of health insurance, and associ-
ated ventilator manufacturers. © 2020 S. Karger AG, Basel

1. Introduction

The foundation for the global use of mechanical ven-
tilation (MV) with positive airway pressure (positive-
pressure ventilation) was initially established in the 1950s 
in the form of negative pressure ventilation. This oc-
curred through the work of the anaesthetist Björn Ibsen, 
who during the poliomyelitis epidemic was the first to 
apply this technique on a large scale in patients with re-
spiratory failure [1, 2]. Nowadays, MV is a central com-
ponent of modern intensive care medicine and is increas-
ingly being incorporated into hospital wards with other 
levels of care, as well as in outpatient MV settings [3]. MV 
is employed in patients who have severe respiratory insuf-
ficiency either as the result of respiratory pump dysfunc-
tion or due to the failure of the lungs to oxygenate or de-
carboxylate, and who cannot be sufficiently stabilised 
through other measures such as supplemental oxygen, 
positioning therapy, secretion management or CPAP. 
Furthermore, there are also indications that are primarily 
non-respiratory (e.g., coma, intoxication) but require the 
use of MV because of respiratory drive dysfunction, in-
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sufficient defensive reflexes, or impending displacement 
of the airways [4, 5]. The primary goals of MV are to sta-
bilise the alveolar gas compartments, ensure a sufficient 
level of pulmonary gas exchange, and to normalise or mi-
nimise the work of breathing. Indeed, the underlying 
cause of the patient’s respiratory failure is treated during 
the MV period; however, MV therapy often then has to 
be continued, even when the original indication (e.g., se-
vere pneumonia) has long been rectified. This means that 
around 40–50% of an intensive care patient’s entire dura-
tion of MV corresponds to the liberation from MV 
(“weaning”) [4–8].

In practice, the majority of ventilated patients can be 
weaned after short period of MV therapy without any sig-
nificant problems; however, for the remaining patients 
(approx. 20%), the weaning phase is markedly extended. 

Due to the complexity of the weaning procedure [9], 
the patient is at risk of permanent weaning failure with 
subsequent invasive home MV, which for many patients 
can impose enormous limitations on their quality of life 
[10, 11]. This is where specialised weaning centres/units 
play an important role by averting weaning failure in ap-
proximately half the patients [12], a desirable outcome 
not only in terms of quality of life and patient indepen-
dence, but also from a financial perspective for the health 
system.

Long-term home MV is potentially required in the 
group of patients for whom weaning from invasive MV is 
not possible [12]. This situation is exacerbated by demo-
graphic growth, further development of operational tech-
niques including modern anaesthetic procedures, ad-
vances in intensive care medicine with improved survival 
of acute diseases, and the increase across all facilities and 
levels of care in the proportion of often-multimorbid ge-
riatric patients. Therefore, based on the increasing im-
portance of prolonged weaning, this guideline project 
was established by a joint initiative between the German 
Respiratory Society (DGP) and other scientific societies 
involved in this topic. 

This is the first revision of the “Prolonged Weaning” 
guideline that was published in the German language in 
2014 [13], and pertains to patients undergoing the pro-
longed weaning process. The revision was carried out on 
the basis of the latest research and clinical study findings, 
new data from patient registries, and the cumulative ex-
perience and expertise acquired from daily clinical prac-
tice. 

As in the 2014 version, statements and recommenda-
tions related to paediatric patients will again be discussed 
separately in individual chapters. 

Particular focus was placed on the following topics 
during the revision process:
•	 A new classification of patient subgroups in prolonged 

weaning
•	 The important aspects of pneumological and neuro-

logical rehabilitation in prolonged weaning 
•	 Infrastructure and the organisation of procedures re-

quired for patient care in prolonged weaning, particu-
larly in the context of a continuous treatment concept 

•	 Alteration of therapy goals and communication with 
relatives
In addition, the revised guideline draws on current sci-

entific knowledge and practical importance to discuss 
topics such as the pathophysiological causes of weaning 
failure, strategies to avoid prolonged weaning, and thera-
peutic concepts for weaning. 

To close this introductory chapter, we would like to 
note that the Federal Social Court (BSG) of Germany re-
cently declared that an adaptation (German: “Gewöh-
nung”) to the respirator is a prerequisite for weaning 
(“Entwöhnung”) to be able to occur (Reference number: 
B1 KR 18/17 R; 19th December, 2017) [14]. All societies 
involved in the preparation of this guideline consider that 
this BSG-derived link between adaptation and wean- 
ing – which, incidentally, has been deduced from an in-
correct interpretation of the term “weaning” – is not tech-
nically applicable and hence incorrect. The expression 
“weaning from ventilation” is actually meant to describe 
the “liberation” from ventilation, which is an internation-
ally established term. 

This conceptual misjudgement of a causal chain from 
“adaptation to weaning” is based on the wrong assump-
tion that in this context, there is a biological change of 
state like that occurring when weaning from breast milk 
or a particular substance dependency. However, this is 
not the case with MV, regardless of the ventilation inter-
face (invasive/non-invasive) used. Pathophysiological 
adaptation in the conventional sense occurs neither dur-
ing continuous nor during intermittent ventilation; rath-
er, it is an acute gas exchange disorder and/or weakening 
or overloading of the respiratory muscles that represent 
the initial indication for ventilation. The impairment in-
curred leads to an acute dependency on a life-sustaining 
ventilator, which ensures survival during the respiratory 
crisis. The aim should always be to finish this state of MV 
as quickly as possible. The duration of the obligatory pe-
riod of MV is determined by the pathophysiological 
changes described above, rather than by the time it takes 
to “adapt” to the ventilator. Therefore, specification of the 
minimum amount of time required on MV before wean-
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ing becomes necessary is also not objectively justifiable. 
In summary, the assumption that an “adaptation – wean-
ing” sequence of ventilation is necessary is factually in-
correct and should be replaced by a “dependence – wean-
ing” sequence of ventilation.

2. Methodology

2.1. Preamble
The previous version of this guideline for prolonged 

weaning was published in 2014 [13]. However, based on 
the research findings, clinical study outcomes and regis-
try data that have since emerged, as well as the experience 
and expertise that have been acquired from daily clinical 
practice, a revision of the 2014 guideline was deemed nec-
essary. The participating scientific societies (see title 
page) have therefore collaborated to create an updated 
version of the interdisciplinary Prolonged Weaning 
Guideline, thereby replacing the previous guideline as the 
latest valid version [13].

2.2. Composition of the Guideline Committee
The following people were named as representatives 

(in alphabetical order) by their respective scientific soci-
eties and institutions:

Johannes Bickenbach (DGAI: German Society for An-
aesthesiology and Intensive Care Medicine), Stephan 
Braune (DGIIN: German Society for Internal Intensive 
Care Medicine and Emergency Medicine), Dominic Dell-
weg (DGP-Pneu: German Respiratory Society), Christian 
Dohmen (DGN: German Society for Neurology), Erich 
Donauer (DGNC: German Society for Neurosurgery), 
Rolf Dubb (DFG: German Society for Specialist Nurse 
Care and Functional Services), Markus Ferrari (DGK: 
German Society for Cardiology), Hans Fuchs (DGPI: 
German Society for Neonatology and Pediatric Intensive 
Care Medicine), Jens Geiseler (DGP-Pneu: German Re-
spiratory Society), Dorothea Heidler (dbl: German Fed-
eral Association for Speech Therapy), Hans Jürgen Hep-
pner (DGG: German Society for Geriatrics), Sven 
Hirschfeld-Araujo (DMPG: German Medical Society for 
Paraplegiology), Uwe Janssens (DGK: German Society 
for Cardiology), Thomas Jehser (DGP-Pall: German So-
ciety for Palliative Medicine), Erich Kilger (DGAI: Ger-
man Society for Anesthesia and Intensive Care Medi-
cine), Silke Klarmann (VK: German Association for 
Physiotherapy), Andreas Markewitz (DGTHG: German 
Society for Thoracic, Cardiac and Vascular Surgery), On-
nen Mörer (DGAI: German Society for Anesthesia and 

Intensive Care Medicine), Thomas Nicolai (DGPI: Ger-
man Society for Neonatology and Pediatric Intensive 
Care Medicine), Marcus Pohl (DGNR:  German Society 
for Neurorehabilitation), Christian Putensen (DIVI: Ger-
man Interdisciplinary Association for Intensive Care and 
Emergency Medicine), Jens D. Rollnik (DGNR: German 
Society for Neurorehabilitation), Simone Rosseau 
(DIGAB: German Interdisciplinary Society for Out-of-
Hospital Ventilation), Bernd Schönhofer (DGP-Pneu: 
German Respiratory Society), Dierk Schreiter (DGCH: 
German Society for Surgery), Steffen Weber-Carstens 
(DGAI: German Society for Anesthesia and Intensive 
Care Medicine), Arved Weimann (DGEM: German Soci-
ety for Nutritional Medicine), Michael Westhoff (DGP-
Pneu: German Respiratory Society), Wolfram Windisch 
(DGP-Pneu: German Respiratory Society), Matthias 
Wittstock (GNI: German Society for Neuro-Intensive 
and Emergency Medicine).

2.3. Aims of the Guideline
This guideline aims to provide consensus-based state-

ments regarding the underlying pathophysiology, diag-
nostic approaches, and therapeutic strategies associated 
with patients undergoing prolonged weaning. It applies 
to hospital-based physicians as well as other profession-
als who are involved in the care of patients with pro-
longed weaning. This document should also serve as a 
useful guide for those people and organisations who are 
indirectly associated with the topic of prolonged wean-
ing.

2.4. Guideline Procedures
The creation of this guideline with an S2k classifica-

tion level was carried out in accordance with AWMF (As-
sociation of Scientific Medical Societies) criteria to pro-
vide guideline users with evidence-based criteria for ra-
tional decision-making and good clinical practice [15].

For the topic of management in prolonged weaning, 
important questions related to the content of the 2014 
guideline were identified by the guideline committee 
members, and recommendations or statements were then 
formulated to address these questions. During the course 
of establishing the current guideline, these questions and 
recommendations were extensively discussed within the 
framework of 3 consensus conferences. This led to the 
formulation of 55 recommendations and 5 quality indica-
tors for the revised guideline. In order to reach the largest 
target group possible, the guideline includes recommen-
dations not only for adults, but also for children. Further-
more, it contains a series of background texts that were 
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similarly discussed and updated by the guideline commit-
tee; these sections serve to deepen the reader’s under-
standing of the topic and promote better handling of the 
recommendations and statements.

Prior to starting the revision process, the guideline 
committee gathered on 2 separate occasions in 2016, 
where members were distributed amongst topic-based 
work groups, each of whom was then commissioned to 
carry out a specific set of tasks. Based on the special ex-
pertise of the selected authors and the amount of evidence 
available, the work groups then reviewed the current rec-
ommendations and statements, and rewrote them if nec-
essary. The background texts that supplement the recom-
mendation and statements were also either updated or 
rewritten. A literature search in PubMed was also per-
formed on a chapter-specific basis using keywords en-
tered by the authors, and the results were made available 
to the guideline authors through the Scientific Guideline 
Manager database (ILF: Lung Research Institute, Berlin), 
in order to facilitate the process of updating the guideline 
content. In addition, literature citations from the previ-
ous version of the guideline, as well as those from other 
guidelines and current studies, were taken into account 
during the consensus process, provided they were rele-
vant to the content of the current guideline. 

The manuscript that arose from this process was then 
sent to all conference participants prior to the 3 consensus 
conferences. Under the direction of the AWMF modera-
tor (PD Dr. H. Sitter), the recommendations were exten-
sively discussed, agreed upon and revised in a nominal 
group process, which also involved specialists from ad-
ditional scientific societies and organisations with exper-
tise in the field of prolonged weaning. In line with the 
resolutions of the consensus conferences, a list of specific 
and well-reasoned adjustments to the manuscript was 
proposed, and each work group was commissioned to im-
plement these changes accordingly. Following an inten-
sive revision process, the manuscript was sent back to all 
participants. Based on the final round of feedback, the 
manuscript was revised by the editorial team and the en-
tire list of references was compiled. The guideline text 
that was passed during the consensus conferences was 
then forwarded to the board members of the leading and 
participating societies and institutions for discussion, 
comments and approval, all while allowing a sufficient 
time frame. Following the incorporation of amendments 
proposed by the board members, the guideline was judged 
positively and approved. 

Further information can be found in the guideline re-
port that is published on the AWMF Website [15].

2.5. Financial Support
The preparation of this guideline by the participat-

ing societies was not supported by any third-party 
funds. Organisational support as well as assistance with 
the literature search was provided by the Lung Research 
Institute (ILF). All work group members worked exclu-
sively on a voluntary basis, without the exertion of in-
fluence from external parties.

3. Definitions, Epidemiology, and Weaning 
Categories

3.1. Stages of Invasive Positive-Pressure Ventilation
The definitions and classifications described in the 

current guideline are not only based on previously pub-
lished guidelines for acute and chronic respiratory failure 
[3, 16], but are also derived from the findings of an 
11-member international board representing 5 interna-
tional medical societies (European Respiratory Society 
[ERS], American Thoracic Society [ATS], European So-
ciety of Intensive Care Medicine [ESICM], Society of 
Critical Care Medicine [SCCM] and Société de Réanima-
tion de Langue Française [SRLF]) [17], which are referred 
to in the text as necessary.

According to the board’s findings, positive-pressure 
ventilation of the lungs via an endotracheal tube is char-
acterised by 6 stages (Fig. 1) [17]:
1.	 Treatment of acute respiratory failure.
2.	 The treating physician contemplates for the first time 

that the patient could be ready to enter the weaning 
process.

3.	 Initiation of daily tests (e.g., rapid shallow breathing 
index, RSBI) to establish “readiness to wean”, thereby 
confirming or rejecting the assumption that the pa-
tient is eligible for weaning. 

4.	 Spontaneous breathing trial (SBT).
5.	 Extubation (or decannulation).
6.	 Reintubation (or recannulation), if necessary.

In accordance with the content of the current guide-
line, stages 5 and 6 have been modified so that decannula-
tion is mentioned instead of extubation, and recannula-
tion is mentioned instead of reintubation.

3.2. Weaning Process
The actual weaning process begins at stage 4 with the 

SBT, and occupies around 40–50% of the overall MV time 
[4, 6–8]. The correct timing for commencing stage 4 
(SBT) and stage 5 (extubation/decannulation) is critical 
for prognosis. On one hand, if the artificial airway is re-
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moved too early and the patient requires subsequent re-
intubation/recannulation (stage 6), this is accompanied 
by an increased risk of nosocomial pneumonia and an 
extended stay in the intensive care unit (ICU) [18–20]. 
On the other hand, if weaning is implemented too late, 
there is an increased complication rate associated with 
extended periods of MV [21–23]. Indeed, both of these 
scenarios are associated with a substantially increased 
risk of mortality. This is where it is important to recognise 
that delayed anticipation of a patient’s readiness to wean, 
as well as an overdue assessment of the defined criteria for 
establishing this readiness (ventilation stages 2 and 3, pri-
or to actual weaning), already represent common reasons 
for why weaning therapy is unnecessarily delayed [17]. 
The fact that extubation is frequently delayed is also doc-
umented by the observation that accidental self-extuba-
tion does not result in reintubation in almost 50% of cas-
es [24]. The incidence of unplanned extubation ranges 
between 0.3 and 16%, depending on the type of examina-
tion, whereby 83% of them are actively carried out by the 
patient, and 17% occur unintentionally [25].

3.3. Weaning Success and Failure
According to the definition provided by the 2007 In-

ternational Task Force, weaning success is established 
when a patient who has just been extubated does not re-
quire ventilatory support for at least 48 h after the extuba-
tion procedure [17]. Accordingly, weaning failure is char-
acterised by: (1) an unsuccessful SBT, (2) reintubation/
recannulation and/or the resumption of MV, or (3) death 
within 48 hours of extubation [17]. It was already the case 
at the beginning of the 1990s that weaning failure had 
been defined as the permanent (continuous or intermit-
tent) need for ventilatory support, whereby both invasive 
(endotracheal tube, tracheal tube) and non-invasive ven-
tilatory approaches were included in the definition [26]. 
In the meantime, non-invasive ventilation (NIV) has be-
come firmly established in the weaning process [27] 

where it is recognised as playing a role in improving prog-
nosis in patients with primary weaning failure, particu-
larly when adequate spontaneous breathing is not possi-
ble (i.e., failed SBT), but extubation/decannulation with 
subsequent NIV takes place nonetheless [27]. Moreover, 
NIV has favourable effects in patients with secondary 
weaning failure – that is, primarily sufficient spontaneous 
breathing (successful SBT) and successful extubation – 
when high-risk patients (e.g., chronic respiratory failure, 
cardiac insufficiency, older age) in this situation develop 
respiratory insufficiency [28–31]. According to the defi-
nitions mentioned above, a patient who is successfully 
ventilated by NIV following extubation or decannulation, 
and who is transferred with NIV to the general ward or 
can even be discharged home, is not actually weaned from 
ventilation. In a large cohort study of 403 patients who 
had undergone invasive ventilation for > 2 weeks and 
were transferred to a specialised weaning centre explic-
itly for the purposes of weaning, Schönhofer and col-
leagues demonstrated that among the patients discharged 
home, a third of them still continued long-term NIV in 
the home setting [12]. This emphasises that it is not al-
ways possible to separate the use of NIV to support extu-
bation/decannulation on one side, and treat chronic re-
spiratory failure on the other. The International Task 
Force thus designates patients who are extubated/decan-
nulated, but still require NIV support, to an intermediate 
category known as “weaning in progress” [17].

Given the complexity of this topic, a clearer definition 
is needed. Since “weaned” and “not weaned” are gener-
ally the only terms used, it remains unclear whether 
“weaned” corresponds to the cessation of ventilation or 
to decannulation. However, making a distinction be-
tween “complete weaning” and “weaning from invasive 
ventilation” is not practical in terms of language use. 
Nonetheless, the term “weaning” is strictly coupled to the 
term MV. For this reason, the revised guideline defines 
successful weaning as the complete cessation of invasive 

Admission Discharge

1. Intubation 2. Presumed
readiness to wean 

3. Assessment of
readiness to
wean 

4. Spontaneous
Breathing
Trial (SBT)

5. Decannulation 6. Recannulation

Fig. 1. Schematic diagram of the different stages of invasive mechanical ventilation [17].
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MV. According to this definition, patients undergoing 
prolonged weaning are successfully weaned when, fol-
lowing completion of the weaning process, they either 
continue to be NIV-dependent in an outpatient setting, 
or they no longer require MV but for various reasons re-
main tracheotomised (e.g., severe swallowing disorder, 
high-grade tracheal stenosis); this particular group gener-
ally requires intensive nursing care in the outpatient set-
ting (see Chapter 6.6). The current revised classification 
obviously still takes into account the differences amongst 
patients in NIV dependency and decannulation status 
(see Chapter 3.6). In this context, the classification of pro-
longed weaning will be further modified and differenti-
ated in the current revised guideline. 

3.4. Weaning Classification
The International Task Force categorises the weaning 

process into 3 groups (Table 1) [17]. By referring to ear-
lier data, it is estimated that up to 70% of weaning patients 
are allocated to Group 1 and 30% are distributed across 
Groups 2 and 3 [22, 24]. An Austrian-based multicentre 
study demonstrated that in a group of 257 intubated pa-
tients that had begun the weaning process and had no 
cases of self-extubation, 59, 26 and 14% of patients were 
allocated to Groups 1, 2 and 3, respectively, using the 
above-mentioned weaning classification system [32]. The 
respective ICU mortality rates for Groups 1, 2 and 3 stood 
at 3%, 1% and 22%, while the respective hospital mortal-
ity rates were 13, 22 and 32%. Therefore, when compared 
to the mortality rate of Group 1 (simple weaning), there 
was a statistically significant increase in mortality for pa-
tients in Group 3 (prolonged weaning), but not for those 
in Group 2 (difficult weaning). Accordingly, the rate of 
successful (complete) weaning (see above) was reduced in 
the prolonged weaning group (Group 3, 74%), but not the 
difficult weaning group (98%, Group 2), when compared 
to that of the simple weaning group (99%, Group 1). The 
median duration of the entire period of MV was 0.5 days 
(Group 1), 2.9 days (Group 2) and 10 days (Group 3) [32]. 
In summary, longer periods of MV and longer hospital 
stays existed for patients in the difficult weaning group 
(Group 2), whereas prognosis was restricted for patients 
from the prolonged weaning group (Group 3) in com-
parison to that for simple weaning patients (Group 1) 
[33].

As an alternative to the international weaning classifi-
cation outlined above, a new classification based on a 
multinational prospective observational study was pro-
posed in March 2017 (WIND study = Weaning according 
to a New Definition) [34]. The impetus for the study was 

based on the fact that many patients could not be classi-
fied according to the criteria published by the Interna-
tional Consensus Conference. Indeed, these criteria are 
mandatorily based on the implementation of SBTs, which 
is not always possible to carry out in clinical practice. Fur-
thermore, these criteria are based on successful weaning, 
which does not always correspond to daily clinical prac-
tice. Patients who do not attempt weaning at all are also 
not taken into account. Ultimately, rather than being 
based on clinical study findings, the International Con-
sensus Conference criteria were primarily derived from 
expert opinion. Accordingly, studies have retrospectively 
demonstrated that there is no prognostic difference be-
tween simple and difficult weaning, with no distinction 
between intubated and tracheotomised patients. In fact, 
in almost 50% of cases classifications of the WIND study 
patient cohort was not possible when the International 
Consensus Conference Criteria were used [34].

For this reason, the classification system in the WIND 
study is primarily based on a separation attempt, regard-
less of whether or not a reduction in ventilation param-
eters has taken place (see Table 2). To this end, definitions 
are given for both the separation attempt and weaning 
success, not only for intubated patients, but also for tra-
cheotomised patients. Accordingly, almost all patients 
from the WIND study were able to be classified according 
to the newly established criteria.

The authors of the WIND study have lodged a claim to 
have their new criteria replace the current ones. It should 
be noted, however, that the WIND study was conducted in 
36 ICUs rather than actual weaning units, where patients 
are treated with very long periods of MV (see Chapter 3.5). 

Table 1. International weaning classification [17]

Group Category Definition

1 Simple 
weaning

Patients who proceed from initiation of 
weaning to successful extubation on the first 
attempt without difficulty

2 Difficult 
weaning

Patients who fail the initial weaning attempt 
and require up to 3 SBTs, or as long as 7 
days from the first SBT to achieve successful 
weaning

3 Prolonged 
weaning

Patients who fail at least 3 weaning 
attempts, or require 7 days of weaning after 
the first SBT

SBT, spontaneous breathing trial.
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To this end, the average treatment duration on the ICU was 
a mere 6 days, whereby only 1.4% of the patients remained 
invasively ventilated via a tracheal cannula, while the num-
ber of patients with NIV was also very low. For this reason, 
the WIND Criteria cannot be considered as a better alter-
native to the International Consensus Conference Criteria. 
Moreover, it remains questionable whether the criteria for 
the separation attempt actually hold true for the patient 
collective of this guideline. Therefore, this guideline revi-
sion upholds the criteria described by the International 
Consensus Conference [17]. Further investigations that 
address the classification of weaning patients in the patient 
cohort described here remain to be carried out.

3.5. Prolonged Weaning versus Prolonged Ventilation
While the International Task Force clearly defines 

prolonged weaning and this definition has been adopted 
by the current guideline, the terms prolonged weaning 
and long-term MV are not clearly distinguished. Accord-
ing to the literature, a minimum MV period of 2–3 weeks 
is required for allocation to the long-term MV category 
[33, 35]. However, it is important to note that a patient 
who requires more than 2 weeks of invasive MV due to a 
severe underlying condition won’t necessarily have dif-
ficulties in weaning from the respirator after the underly-
ing condition has successfully been treated. This is the 
kind of situation in which the terms “long-term MV” and 
“prolonged weaning” are intermingled. In the above-cit-
ed study by Schönhofer et al., long-term ventilation was 
described as being established when it continued for more 

than 2 weeks, and at least 2 failed attempts at weaning had 
taken place [12]. In other publications, the term pro-
longed ventilation is used when MV takes place over a 
period of at least 3 weeks [36].

This guideline therefore specifically pertains to pa-
tients whose extended requirement for MV is based on 
the difficulties they have with weaning. A definition of the 
term “long-term MV” will therefore not be explicitly un-
dertaken in this guideline.

Nonetheless, reference should be made here to the cur-
rent guidelines for the indication, organisation and un-
dertaking of home MV when long-term MV is performed 
in the outpatient setting [3].

3.6. Definition of the Patient Collective for the Current 
Guideline
According to international weaning classification (see 

Chapter 3.4), prolonged weaning is defined as weaning 
that is only successful either after 3 failed SBTs, or after 
more than 7 days following the first failed SBT [17]. How-
ever, given the very broad formulation of the definition, 
this particular group of patients appears to be rather het-
erogenous. Indeed, according to an Austrian outcome 
study on prolonged weaning, the median duration of suc-
cessful weaning was 10 days [32]. In contrast to this, 
Schönhofer and colleagues reported that patients from 
various external hospitals who had failed weaning were 
referred to a specialised weaning centre only after an av-
erage of 33 days of invasive ventilation [12]. Amongst 
these patients, around 20% were able to be weaned with-
out further support from the respirator, while about 30% 
were provided with long-term NIV due to chronic respi-
ratory insufficiency; approximately 30% of patients were 
definitively unable to be weaned from the respirator, and 
the remaining 20% died whilst still in hospital. Addition-
al data show that particularly in patients with pre-existing 
respiratory pump insufficiency, the average time that 
lapses from the point of intubation to the first SBT is one 
month, and that these patients have a low weaning rate 
[37]. Data collected from the WeanNet Registry between 
2011 and 2015 also show that patients who were previ-
ously transferred to a specialised weaning unit spend an 
average of 23 days on the ICU [38]. In addition, there is 
an increasing number of patients who are unable to be 
decannulated, despite having undergone a successful 
SBT. In particular, patients with persistent swallowing 
disorders or those requiring ongoing tracheal suction – 
despite being liberated from ventilation – represent a sep-
arate patient cohort after prolonged weaning that has so 
far received little consideration. 

Table 2. Classification of weaning categories according to the 
WIND study [34]

Group 0 – “no weaning”: patients who have not previously expe-
rienced a separation attempt

Group 1 – “short weaning”: the first attempt resulted in termina-
tion of the weaning process within 1 day (successful separation 
or early death)

Group 2 – “difficult weaning”: weaning was completed after more 
than 1 day but in <1 week after the first separation attempt (suc-
cessful separation or death)

Group 3 – “prolonged weaning”: weaning was still not terminat-
ed (by successful separation or death) 7 days after the first sepa-
ration attempt

Group 3a – prolonged weaning led to successful weaning 7 days 
or more after the first attempt

Group 3b – prolonged weaning was not successful

https://www.thieme-connect.de/products/ejournals/html/10.1055/a-1010-8764#JR006-34
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Findings emerging from Germany suggest that the in-
crease in invasive and non-invasive ventilation in the 
home environment that also arises as a consequence of 
prolonged weaning processes has also seen a rapid growth 
in the in-hospital treatment of patients undergoing long-
term MV [39]. To this end, in 2016 alone, 86,117 patients 
were encoded with the OPS Z99.1 (Long-term Ventilator 
Dependency) within the course of their respective hospi-
tal stays. 

Indeed, the specialised weaning centres in Germany 
mainly deal with patients who are either severely ill or can 
often no longer even be weaned. The duration of MV can 
sometimes reach well above 7 days after the first SBT, and 
long-term home mechanical ventilation (HMV) is carried 
out in a large proportion of patients following discharge 
from hospital [3, 37]. It is therefore likely that the group 3 
(prolonged weaning) [17] defined by international wean-
ing classification comprises very different patients with 
widely-varying prognostic factors. Therefore, the current 
guideline further distinguishes this prolonged weaning 
group into 3 subgroups ([Table 3]) which, following pri-
mary allocation to the internationally recognised weaning 
group 3, arise based on the further course of weaning:

The group described as subgroup 3b in the first edition 
of this guideline (prolonged weaning with NIV) can be 
further differentiated as follows (also see Chapter 6.6):

•	 Patients with temporary NIV: Following extubation/
decannulation of these patients, NIV is only carried 
out in the hospital until spontaneous breathing be-
comes possible for several days, without the manifesta-
tion of hypercapnia (complete weaning). This particu-
lar group is very heterogenous. In isolated cases, ven-
tilatory insufficiency can reoccur following discharge 
from hospital, with the indication for temporary or 
lasting NIV. Therefore, a closely-meshed, pulmono-
logical follow-up of these patients on the hospital ward 
or in an outpatient clinic may be necessary. Regular 
follow-up examinations should also be performed in 
successfully weaned patients in view of the potential 
emergence of chronic respiratory failure [3].

•	 Patients with direct transition into home-based NIV: 
These patients are led directly into the home setting 
with NIV [3], whereby the type of clinical improve-
ment can occasionally occur – even after several 
months – that renders the continuation of non-inva-
sive home MV unnecessary, for example, in the case of 
significant weight loss in severe obesity or of a slowly 
progressing improvement in critical-illness polyneu-
ropathy. The complete cessation of MV in the clinic is, 
however, initially not possible and absolutely not in-
tended, while weaning from invasive MV is. This cat-
egory generally deals with patients in whom chronic 

Table 3. Subgroups of prolonged weaning patients according to the current guideline’s definition

3a. Successful prolonged weaning from invasive MV without the need for subsequent long-term NIV
3a I Patients with extubation/ 

decannulation
Successful weaning from invasive MV with extubation/decannulation only after at least 3 failed SBTs, 
or after a MV period of >7 days following the first failed SBT without home mechanical ventilation 

3a II Patients without decannulation Successful weaning from invasive MV after at least 3 failed SBTs or after a MV period of >7 days 
following the first failed SBT, without decannulation

3b. Successful prolonged weaning from invasive MV with the continuation of NIV
3b I Patients with long-term NIV without 

the need for additional nursing care 
Successful weaning from invasive MV with extubation/decannulation only after at least 3 failed SBTs, 
or after a ventilation period of >7 days following the first failed SBT, and only with the use of NIV, 
which, following conclusion of the weaning process, is continued in patients with independence in a 
home MV setting 

3b II Patients with long-term NIV with the 
need for additional nursing care

Successful weaning from invasive MV with extubation/decannulation only after at least 3 failed SBTs, 
or after a ventilation period of >7 days following the first failed SBT, and only with the use of NIV, 
which, following conclusion of the weaning process, is continued in a home MV setting and requires 
further nursing support

3c. Failed weaning from invasive MV
3c I Patients with continued invasive 

ventilation in an outpatient setting 
Failed weaning with the continuation of invasive ventilation via a tracheostoma in a home MV setting 
following conclusion of the weaning process 

3c II Death Failed weaning with death of the patient in hospital 

SBT,   spontaneous breathing trial; NIV, non-invasive ventilation.
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respiratory failure continues to exist, despite being 
successfully treated for a preceding acute deterioration 
in their condition, e.g., COPD patients with an acute 
exacerbation on the basis of pre-existing chronic respi-
ratory failure. A high level of NIV dependency can ex-
ist in this situation, which means that the withdrawal 
of NIV is highly likely to be accompanied by acute re-
spiratory deterioration within a short period of time, 
possibly with the requirement for renewed invasive 
MV. This is particularly illustrated by a special group 
comprising paraplegic patients. Here, weaning can oc-
casionally be achieved according to the above-de-
scribed definition, when the patient is transferred 
from invasive MV to NIV. This, however, can lead to 
24-h NIV dependency, such that weaning from the 
ventilator has not actually taken place at all during the 
transition from invasive MV to NIV. Due to the special 
nature of this group, more details can be found in 
Chapter 5.7; however, it should be noted that an ex-
tremely high level of NIV dependency can also essen-
tially exist in other types of patients, especially those 
with neuromuscular diseases or respiratory drive dis-
orders. A high dependency on NIV may then be ac-
companied by an additional need for treatment or sup-
port, some of which takes place in the clinic. In such 
cases, long-term NIV must be deemed as a means of 
life-support. At the same time, the autonomy of these 
patients may be considerably compromised, such that 
they generally require a high level of support. Further 
details regarding the ongoing treatment and care re-
quirements of these patients can be found in Chapter 
6.6.4 of this guideline. 

•	 In contrast to this, a minimal dependency on NIV can 
also exist (see Chapter 6.6.3), whereby NIV is primar-
ily implemented to treat symptoms of chronic hy-
poventilation and improve long-term prognosis [3]. 
These patients therefore have no further need for ad-
ditional treatment and support (see above). While 
these patients could indeed initially complete the for-
mal weaning process, the introduction of long-term 
NIV is generally indicated [3]. Therefore, it should al-
ways be determined in prolonged weaning patients 
whether an indication for long-term NIV exists, even 
if extubation/decannulation initially appears success-
ful. In this respect, an indication for the elective imple-
mentation of non-invasive home MV should always be 
determined early on in patients who are at high risk of 
ventilator-dependent exacerbation of their COPD [3], 
particularly those who have previously been hospital-
ised due to acute respiratory failure.

It is also important to note at this point that it is very 
difficult to perform an assessment of the patient’s prog-
nosis based on the further differentiation of weaning 
group 3 (prolonged weaning) into the subgroups 3a, 3b 
and 3c, as outlined in the first version of this guideline. 
In essence, there are substantial co-morbidities that of-
ten contribute considerably to the prognosis, with se-
vere cardiovascular primary diseases, vascular diseases, 
accompanying lung diseases, neurological deficits, dis-
eases that compromise the immune system, kidney dis-
eases, liver cirrhosis and diabetes mellitus being those 
at the forefront [38]. In recent years, there has been an 
increase in both the degree of comorbidity severity and 
the age of patients undergoing prolonged weaning. 
Both factors are substantially responsible for the prog-
nosis of these patients having worsened in weaning cen-
tres, despite the treating physicians and therapists be-
coming increasingly experienced [38]. Moreover, even 
successfully weaned patients with normocapnia can re-
quire MV once again, or even die, often with weeks, es-
pecially when extremely harmful co-morbidities exist 
[12]. This has led to the use of the term “unstably 
weaned” for these patients, even when longer survival 
is possible in isolated cases [12].

It should also be mentioned that NIV can already be 
implemented early on in the weaning process, and not 
just after either at least 3 unsuccessful SBTs, or a ventila-
tion phase of more that 7 days after the first failed SBT, 
as defined for group 3 of prolonged weaning patients 
[17]. This was exemplified in a study by Nava and col-
leagues where patients with exacerbated COPD who had 
undergone 48 hours of invasive MV could already be ex-
tubated after just one failed attempt at an SBT and con-
tinue to be ventilated via NIV [28]. However, since these 
patients do not correspond to any of the defined groups, 
they will not be addressed in this guideline. This also per-
tains to other severely ill patients who are better repre-
sented in the context of acute medicine rather than pro-
longed weaning. Such patients include those with extra-
corporeal circulatory systems that therefore have the goal 
of reducing the duration of MV, or avoiding it comple
tely. 

The current guideline primarily focuses on patients in 
the internationally-defined weaning group 3 [17]. The 
prolonged weaning subgroups (Table 3) that have been 
specifically redefined in this guideline are discussed with 
particular reference to the different medical approaches 
to weaning, ethical considerations, and prognostically 
relevant factors, not to mention the organisational struc-
tures required for optimal weaning. The guideline is rel-
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evant to patients with severe respiratory dysfunction, 
whose comorbidities often have a confounding influence 
on the weaning process.

Accordingly, the above-defined subgroups 3a (pro-
longed weaning without NIV), 3b (prolonged weaning 
with NIV) and 3c (failed weaning) will be further differ-
entiated in the current guideline, where it will be clearly 
specified for each category whether or not weaning is suc-
cessful (see Chapter 3.4). It is also specified whether 
decannulation was possible, which should be considered 
independently to the success or failure of the weaning. To 
this end, it will be emphasised for each group that impor-
tant conditions persist after the conclusion of the wean-
ing process (cannulation, long-term NIV, care require-
ments) that need to be considered. This approach par-
ticularly takes the highly heterogenous patient cohort in 
prolonged weaning into account (e.g., neuromuscular 
disease patients versus COPD). Here, a severity grading 
is less relevant to the weaning categorisation process (al-
though this is partly present) than a grouping, which 
bears much more importance for ongoing treatment 
strategies (compromised or lack of patient autonomy, in-
creased need for nursing care, follow-up examinations). 

It should also be noted that temporary NIV therapy 
during the transition phase that follows decannulation is 
not really represented by any particular subgroup when it 
is not continued as long-term NIV in an outpatient set-
ting. Since transient NIV (what used to be known as 3b) 
represents just one of that many measures that can be 
taken to successfully wean patients from invasive MV, 
these patients are now classified into group 3a. 

Another important fact is that according to the new 
definition, a significantly reduced level of patient auton-
omy and a stronger need for care support has to be ex-
pected for groups 3a II, 3b II and 3c I than that for the 
groups 3a I and 3b I (Table 3).

4. Pathophysiology of Weaning Failure

4.1. Introduction
Weaning failure is characterised by the need for either 

continuing long-term MV, or resuming it for a short pe-
riod, due to an inadequate spontaneous breathing ability. 
In this situation there is an imbalance between ventila-
tory demand and ventilatory capacity, which is almost al-
ways due to overloading of the respiratory muscles (respi-
ratory pump), and thus rarely attributed to direct mal-
functioning of the respiratory centre [40–43]. The main 
outcome of this situation is hypercapnic respiratory fail-

ure. However, weaning failure can also occur in patients 
who have a normal PaCO2 during MV and a hypoxemic 
gas exchange disorder in the foreground. In cases of ad-
vanced primary disease, such as pulmonary fibrosis, pa-
tients can often no longer be weaned; this is because the 
ventilatory demand without MV is so large (due to the 
reduced area for gas exchange) that in addition to hypox-
ia, hypercapnic respiratory failure can result from volume 
overloading of the respiratory pump. However, if the fac-
tors leading to gas exchange dysfunction that requires 
MV are reversible (e.g., acute respiratory distress syn-
drome [ARDS] or pneumonia), the lung parenchyma can 
recover to the point where the potential for successful 
weaning exists. Since prolonged weaning is often multi-
factorial, combinations of conditions including increased 
load (obstruction and hyperinflation in COPD), muscle 
failure (e.g., critical-illness myopathy [CIM] and -poly-
neuropathy [CIP], diabetic neuropathy), gas exchange 
disorders and/or cardiac failure can exist, and even nega-
tively interact with each other. 

4.2. Hypercapnic Respiratory Failure
There are 2 basic mechanisms underlying the type of 

hypercapnic respiratory failure that arises from respira-
tory pump failure and has hypercapnia as the leading pa-
rameter: (1) Failure of the respiratory muscles, which are 
then unable to provide a sufficient level of ventilation for 
the maintenance of gas exchange, and (2) (sub)-acute 
overloading of the remaining muscle performance capac-
ity through an increased respiratory load due to various 
illnesses. The extent of gas exchange and ventilatory ef-
fort required are determined by the patient’s current clin-
ical situation (e.g. infection, cardiac and pulmonary func-
tion, muscle strength etc.), as well as a pre-existing gas 
exchange disorder or impairment of the respiratory mus-
cle pump. All factors can contribute to weaning failure, 
either in combination, or on an individual basis. To better 
address the complexity of situations occurring in indi-
vidual cases, each clinical picture is considered on the ba-
sis of its pathophysiological causes (i.e., muscle failure 
and muscle overloading), rather than using the common 
approach of discussing cases on an isolated basis. Table 4 
summarises the factors linked to each cause of respira-
tory pump failure, with examples for each.

4.2.1. Respiratory Centre
Adequate breathing is only possible with a proper reg-

ulatory system for respiration. Disruption to this system 
can have a number of causes [44–48], although amongst 
these, the loss of central respiratory drive counts as a rare 
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cause of weaning failure. The most prominent factors that 
curb respiratory drive (frequency and depth) are overdos-
es of medication (sedatives, narcotics, anti-depressants), 
toxic or metabolic-endocrine disorders, and changes in 
electrolytes [17, 49, 50]. However, these factors generally 
just pose as a temporary problem. The much rarer causes 
of weaning failure are encephalitis with the involvement 
of the respiratory centre, or structural damage caused by 
tumours, elevated cerebral pressure, ischemia, or bleeding 
[17, 45]. A central disruption to breathing is accompanied 
by other severe functional disturbances, often rendering 
such patients incapable of becoming candidates for wean-
ing. 

4.2.2. Neural Drive
Despite an intact central respiratory drive, functional 

disruption can also occur at the load/adaptive capacity 
level of the peripheral nervous system (PNS) and muscu-
lature [51]. Accordingly, diseases associated with the 
musculature or PNS, such as polyneuropathy, myopathy, 

or dysfunctional neuromuscular transmission (e.g., my-
asthenia gravis), can lead to weaning failure. 

The most common causes are not only metabolic-tox-
ic lesions such as CIP (see Chapter 4.5), but also primary 
diseases of either the PNS or neuromuscular transmis-
sion, such as spinal muscular atrophy, amyotrophic lat-
eral sclerosis, Guillain-Barré syndrome, or myasthenia 
gravis [52–54].

Furthermore, neural drive can be adversely affected by 
direct disruption of the phrenic nerve, or by spinal cord le-
sions above the level of C4 [55]. However, lesions below C4 
can also have an unfavourable influence on the load-capac-
ity ratio by impairing the auxiliary respiratory muscles. 

4.2.3. Respiratory Muscles
In the context of ICU-acquired weakness (ICUAW) 

[52], which can develop during the course of intensive 
care therapy with MV, structural and functional lesions 
can be induced not only in the nerves, but also in the 
muscles per se (CIM), especially in cases of septic compli-

Table 4. Pathophysiology and possible causes of respiratory pump failure

Direct reason for 
inadequate spontaneous 
breathing

Pathophysiological centre Possible causes Example

Respiratory pump 
weakness

Respiratory centre Ischemia, infection Encephalitis

Neural drive Neuritis, nerve damage Diaphragmatic paralysis,  paraplegia, Guillain-Barré 
syndrome, CIP, MND, diabetes mellitus

Respiratory muscles Myositis, muscular dystrophy,
muscular atrophy

CIM, VIDD, myasthenia, Duchenne muscular 
dystrophy, post-polio syndrome, post cardiac/thoracic 
surgery

Respiratory pump 
overload

Airways Obstruction, hyperinflation,
recurrent paresis

COPD, cystic fibrosis

Lung parenchyma Reduced compliance Lung edema, fibrosis
reduced gas exchange area Emphysema, pneumonia, V/Q-mismatch

Thoracic wall Reduced compliance Pleural effusion, scoliosis, post-TBC syndrome, post- 
cardiac/thoracic surgery

Oxygen transport (reduced) Anaemia, methaemoglobin Blood sampling, bleeding, anaemia of chronic infection, 
medication

Reduced perfusion Cardiac failure, PH, pulmonary embolus, shunt

Oxygen usage (increased) Increased metabolism Catecholamines, restlessness/agitation, infection, 
hyperthyroidism

Metabolic supply Metabolic disorder Hyperthyroidism, malnutrition, electrolyte imbalance, 
adrenal insufficiency, metabolic alkalosis and acidosis

CIP ,  critical illness polyneuropathy; MND, motor neuron disease; CIM,  critical illness myopathy; VIDD,  ventilator-induced diaphragmatic 
dysfunction; PH,  pulmonary hypertension; post-TBC syndrome ,  long-term effects of pulmonary tuberculosis.
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cations [53, 56–59]. This is where kidney failure, a dia-
betic metabolic state, high doses of corticosteroids, and 
slow-acting, non-depolarising muscle relaxants (as op-
posed to the short-acting variety) serve as co-factors, es-
pecially when a number of these are present [60–63] (see 
Chapter 4.5). A second common reason for respiratory 
pump weakness is an isolated, almost always reversible, 
inactivation atrophy of the diaphragm muscles, known as 
ventilator-induced diaphragmatic dysfunction (VIDD) 
[64–66] (see Chapter 5.3.2). This can arise after just a few 
days of controlled MV if there are no interposing phases 
of assisted or spontaneous breathing. In addition, overly 
long phases of spontaneous or assisted breathing at the 
beginning of the weaning process can overload the al-
ready-atrophied muscles. Additional causes include pre-
viously experienced or acute (mostly inflammatory or 
toxic) muscle diseases such as degenerative myopathy 
and muscular dystrophy. 

With regard to prognosis, ICUAW worsens the pa-
tient morbidity rate and, along with the associated health-
care costs, increases the 1-year mortality rate [67].

4.2.4. Muscle Overloading
A considerable number of diseases and mechanisms 

can lead to chronic muscle overloading of the respiratory 
pump. During the actual weaning phases, it also depends 
on the current capacity of the musculature itself, in order 
to tolerate an additional respiratory load (volume or pres-
sure). It is not uncommon for treatment-acquired muscle 
insufficiency to be combined with the disease that was 
originally responsible for MV and which has led to harm-
ful continuous loading or overloading of the respiratory 
pump, such as COPD. 

4.2.4.1. Airway Diseases. One of the most common 
reasons for weaning failure is pressure loading on the 
respiratory pump, which arises from obstruction of the 
airways. This is often aggravated by hyperinflation of 
the lungs, which can lead to a deterioration in efficien-
cy through the adverse mechanical force that develops 
in association with flattening of the diaphragm; this, in 
turn, results in high oxygen demand and usage [40, 41, 
68, 69]. This scenario is well exemplified by COPD. 
Such a situation can become secondarily aggravated 
through the use of an artificial airway, namely a tube or 
tracheal cannula [70], which can lead to an additional 
increase in respiratory load via an elevated level of re-
sistance. On the other hand, an artificial airway, par-
ticularly a tracheostoma, can also serve as a form of re-
spiratory relief for spontaneously breathing patients 
[71–73].

An increased respiratory load can also arise from the 
displacement of secretions, inflammatory or tumour-in-
duced stenoses of the airways, and pathological changes 
to the upper airways following extubation/decannulation 
[74–77].

4.2.4.2. Thoracic Restriction. Thoracic restriction re-
duces compliance, with a corresponding increase in the 
work of breathing. The most common transient causes of 
thoracic restriction are extensive pleural effusions, as well 
as fluid accumulation in the thoracic soft tissue due to 
volume overload. Pronounced thoracic deformities such 
as scoliosis, or extensive post-tuberculotic pleural fibro-
sis, can also lead to thoracic restriction [17]. Furthermore, 
following cardiac and thoracic surgery, an impairment to 
musculoskeletal integrity, a phrenic nerve lesion, or even 
pain, may result in an increase in respiratory load and a 
reduction in capacity, followed by a prolonged weaning 
process after the intervention [78–81]. This can be aggra-
vated through the loss of lung parenchyma that occurs 
after lung resection [82, 83].

4.3. Hypoxic Respiratory Failure following Interstitial 
Lung Disease and Cardiopulmonary Interactions
The most common cause of hypoxic respiratory failure 

is represented by a ventilation-perfusion mismatch. 
Moreover, increased levels of interstitial fluid (such as in 
ARDS) or fibrotic scarring of the lung parenchyma can 
reduce lung compliance as well as the surface area for gas 
exchange; this, in turn, leads to an additional load on the 
respiratory pump [17]. Similarly, hypercapnic respirato-
ry failure can occur in oxygenation disorders such as at-
electasis or inflammatory infiltration. This is due to: (i) 
an increased need for ventilation in order to maintain ad-
equate oxygenation, and (ii) an elevated work of breath-
ing on the basis of diminished lung compliance. This 
event is often first unmasked during the spontaneous 
breathing phases of the weaning process, since during 
controlled MV, only hypoxic insufficiency remains obvi-
ous, whereas the work of breathing is taken over by the 
ventilator.

Intrathoracic pressure changes during ventilation can 
influence the pressure gradient not only between the ve-
nous system and the right side of the heart, but also be-
tween the left ventricle and the systemic circulation [84–
86]. An increase in intrathoracic pressure (under posi-
tive-pressure MV) leads to a rise in right atrial pressure 
and a simultaneous fall in transmural pressure of the left 
ventricle. As a consequence, there is less venous backflow 
to the right side of the heart, while left ventricular output 
increases. Through the corresponding reductions in pre-
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load and afterload, the intrathoracic blood volume de-
clines [87]. In contrast, a reduction in intrathoracic pres-
sure (e.g., via inspiration during spontaneous breathing 
with negative pleural pressure) improves venous back-
flow to the right side of the heart. As a result, however, the 
transmural pressure gradient in the left ventricle increas-
es, leading to an increased left ventricular afterload. At 
the same time, the intrathoracic blood volume rises. The 
haemodynamic effects of spontaneous breathing and MV 
are essentially dependent not only on cardiac pump func-
tion, but also on the current volume status of the patient.

In patients with impaired left ventricular pump func-
tion, altered intrathoracic pressure during the start of the 
spontaneous breathing phase of the weaning process can 
result in a significant increase in preload and afterload via 
increases in venous backflow and negative pleural pres-
sure [87, 88]; this can essentially lead to an acute deterio-
ration in cardiac pump function, with forward and back-
ward heart failure. This especially pertains to spontane-
ous breathing phases with increased breathing effort and 
deep excursions, which are associated with a correspond-
ingly high negative inspiratory pleural pressure. In the 
face of either reduced left ventricular pump function or 
an increase in left ventricular filling pressure, as seen in 
HFpEF (heart failure with preserved ejection fraction), 
the switch from controlled MV to spontaneous breathing 
can lead to a rise in left atrial pressure, with subsequent 
pulmonary venous congestion, a decline in gas exchange 
and a resulting further increase in the work of breathing. 
Weaning-induced pulmonary edema can then result, fur-
ther complicating the weaning process [89].

Furthermore, switching abruptly between controlled 
MV and spontaneous breathing can result in a markedly 
higher oxygen demand (e.g., of the respiratory muscles), 
and hence an increased myocardial workload. This situa-
tion is particularly critical for patients with coronary 
heart disease, since myocardial pump function can wors-
en under these conditions.

The higher metabolic demand for oxygen that is asso-
ciated with cardiac decompensation is often accompa-
nied by compensatory increases in heart frequency and 
blood pressure, which, in turn, facilitate weaning failure 
[86, 90]. The weaning process can similarly be compro-
mised by pre-existing valvular heart disease (e.g., mitral 
insufficiency). An elevation in left ventricle afterload with 
an increase in the end-diastolic filling pressure of the left 
ventricle can, for example, worsen the extent of mitral in-
sufficiency.

A rise in pulmonary vascular resistance that is poten-
tially aggravated by accompanying hypoxic pulmonary 

vasoconstriction can trigger an increase in right ventricu-
lar afterload and a reduction in cardiac output, thus lead-
ing to an imbalance between oxygen transport demand 
and capacity. In the context of interventricular depen-
dency, a septum shift to the left can result in poorer filling 
of the left ventricle, a decrease in left ventricular stroke 
volume, and a subsequent reduction in oxygen supply to 
the body [91, 92].

These types of cardio-pulmonary interactions [87, 88, 
91, 92] and interventricular dependence carry particular 
significance for the weaning process. Therefore, weaning 
failure is not only facilitated by the effects of pre-existing 
pulmonary diseases on cardiac function, but also by those 
of heart disease on ventilation, pulmonary compliance, 
and respiratory load. Through increases in the perfusion 
and oxygen demand of the respiratory muscles, the com-
bination of reduced pulmonary compliance caused by 
heart failure, gas exchange dysfunction, and a secondari-
ly-increased work of breathing promotes a rise in cardiac 
output volume, with the risk of further cardiac decom-
pensation. Pre-existing atrial fibrillation alone is associ-
ated with a longer duration of MV and an increased risk 
of weaning failure [93]. Stress or septic cardiomyopathy, 
or even an elevated basal metabolic rate in inflammatory-
septic disorders, can lead to cardiac decompensation, 
with negative effects on the work of breathing – especial-
ly in the case of pre-existing cardiac lesions. This, in turn, 
can compromise an otherwise stable weaning situation. 
Therefore, a comprehensive cardiopulmonary differen-
tial diagnosis is obligatory, and should include the deter-
mination of BNP or NT-pro-BNP levels, echocardiogra-
phy [94–96] and, if necessary, the use of a pulmonary ar-
tery catheter [97–99]. 

4.4. Oxygen Transport and Consumption
The transport of oxygen gas molecules to the mito-

chondria can be disrupted on many levels. An important 
point for considering oxygen uptake is the reduction in 
lung perfusion both in cardiac failure, and in diseases 
with increased pulmonary arterial pressure or resistance 
(pulmonary hypertension, pulmonary embolism). When 
the oxygen-binding curve shifts to the right (such as in 
acidosis) through an alteration in 2,3 diphosphoglycerate 
concentration, oxygen release within the capillary bed is 
actually improved; however, this also effectuates slower 
oxygen uptake in the lungs, resulting in a compensatory 
increase in ventilation and an inevitably increased load 
on the respiratory pump. Furthermore, each increase in 
total oxygen consumption (such as in fever; permanent 
infections and especially bronchial infections with im-
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paired cough and bronchial clearance during MV ventila-
tion; pain, tachycardia, or inadequate use of catechol-
amines) inevitably places an additional burden on the 
cardiac/respiratory pump. This particularly holds true 
when oxygen uptake and transport are already impaired 
due to pre-existing heart failure [87].

Cerebral disturbances associated with an unnecessar-
ily high degree of muscle loading also lead to increases in 
ventilation and respiratory pump loading, with a higher 
oxygen demand. Inadequate ventilator settings can also 
aggravate the situation, not only in the aforementioned 
case, but in general [100, 101]: by increasing dead-space 
ventilation, they lead to a further disruption in gas ex-
change. Insufficient trigger settings on the ventilator with 
subsequent patient-ventilator asynchrony can result in 
dynamic hyperinflation (such as in COPD), a reduction 
in pulmonary compliance, and an increased work of 
breathing, leading to higher oxygen consumption [102].

Besides disruptions of gas transport and exchange in 
the lung parenchyma, a haemoglobin deficiency (i.e., 
anaemia) can also serve as a decisive factor in weaning 
failure. The presence of anaemia leads to a compensatory 
load on the respiratory and cardiac pumps, which then 
increases the risk of weaning failure [103]. In patients 
with a high respiratory pump load, it was demonstrated 
that the correction of anaemia was associated with a pro-
portional reduction in the work of breathing [104, 105] 
(see Chapter 5.6.1.2).

4.5. Critical-Illness-associated Polyneuropathy and 
Critical-Illness-associated Myopathy 
The incidence of CIP and CIM in critically-ill patients 

ranges between 30 and 70% [106].
CIP is a predominantly distally-accented, sensorimo-

tor-axonal polyneuropathy [106], and can contribute to 
weaning failure as well as increases in both the mortality 
rate and length of the stay in hospital [107, 108, 109].

The pathophysiology of CIP/CIM is complex, with a 
number of factors playing a role; these include microcir-
culatory dysfunction (e.g., within the scope of sepsis), in-
creased expression of selectin and cytokines, increased 
cell membrane permeability, mitochondrial dysfunction 
with reduced adenosine triphosphate (ATP) synthesis, 
and neurotoxic processes (especially those involving met-
abolic free radicals) [53, 107].

The clinical risk factors that can facilitate the develop-
ment of CIP/CIM are as follows: systemic inflammatory 
response syndrome (SIRS), sepsis, kidney failure, multi-
organ failure, MV, age, sex, general burden of disease, 
hypotension, hyperosmolarity, parenteral nutrition, low 

serum albumin levels, immobilisation, hyperglycaemia, 
certain medications and hypoxia [53, 107, 110, 111].

In most cases the diagnosis is made clinically, whereas 
a neurological examination (nerve conduction studies 
and electromyography) [112], with emphasis on nerve 
conduction testing of the peroneal and sural nerves, 
serves as a useful complement [113–115]; a reduction in 
the amplitude of compound muscle action potentials of 
the peroneal nerve represents a particularly sensitive di-
agnostic marker [113, 114].

The difference between CIP and CIM is important in 
terms of prognosis. Whereas an isolated CIM is com-
pletely reversible (in principle), more than 50% of pa-
tients with CIP retain permanent deficits [116]. If CIP/
CIM persists even after discharge from hospital, it is as-
sociated with a higher 1-year mortality rate and an in-
crease in health care expenditure [67].

Paediatric patients can also develop CIP or CIM, al-
though the incidence here is potentially lower than that 
in adult patients [117].

It holds true for all patients that the regression of 
symptoms can take place over a protracted period of 
many weeks or months, so that this condition should con-
tinue to be monitored even after successful weaning. 
While the effects of CIP/CIM are easy to identify in the 
muscles of the extremities, it is more difficult to recognise 
and evaluate the consequences of these conditions on 
breathing and swallowing, not only during the weaning 
process, but also in the phase that follows. 

Dysphagia can also develop in the presence of CIP/
CIM during MV/long-term MV [118, 119]. The long-
term prognosis for dysphagia in CIP/CIM following ven-
tilation is good, where a complete restoration of the abil-
ity to swallow is observed in the majority of patients [119]. 
Further details on dysphagia, including the associated di-
agnostic approaches and therapies, can be found in Chap-
ter 5.6.1.5.

Persistent respiratory muscle weakness occurs more 
often than peripheral muscle weakness following pro-
longed weaning. Dres et al. [120] reported that 92% of 
patients in the “difficult to wean” category had diaphrag-
matic dysfunction, whereas only 46% exhibited ICUAW; 
in the case of prolonged weaning patients, these figures 
stood at 100 and 50%, respectively. This underscores the 
importance of assessing, diagnosing, and treating muscle 
function separately. As in weaning, the goal of the ensu-
ing rehabilitation phase is to improve respiratory muscle 
competence and minimise load. In this context, the type 
of MV used during the rehabilitation phase may well 
change (Chapter 6.4).
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4.6. Additional Metabolic Aspects
All organs including the respiratory muscles have a 

basal metabolic supply, whose impairment through met-
abolic disorders (hypo/hyperthyroidism, adrenal insuf-
ficiency, hyperglycaemia), electrolyte disorders (hyper-
kalaemia, magnesium and phosphate deficiencies), albu-
min deficiency, or exogenous endocrine factors such as 
glucocorticoidsteroid therapy, can lead to functional dis-
orders [17, 45, 121]. Furthermore, metabolic alkalosis can 
promote weaning failure by attenuating respiratory drive 
with compensatory hypercapnia [122, 123]. Similarly, 
metabolic acidosis should also be considered as a cause of 
prolonged weaning, since it places a further strain on the 
already overloaded respiratory pump through ventilatory 
compensation [124].

The topic of nutrition will be discussed in detail in 
Chapter 5.6.1.3 (Improving Nutritional Status and Me-
tabolism).

4.7. Special Characteristics of Paediatric Patients
Sauthier et al. [125] suggest that prolonged weaning in 

children is defined as an invasive MV duration of ≥21 
days, for at least 6 h/day. Weaning failure after prolonged 
MV and a subsequent ventilator dependency that is due 
to respiratory pump failure is most commonly the result 
of congenital (neuro)-muscular diseases, or syndromic 
conditions with muscle hypotonia and a possible thorac-
ic deformity. Congenital or acquired disorders of the re-
spiratory centre, such as central hypoventilation syn-
drome or cerebral injuries (e.g., following perinatal as-
phyxiation) [126–129], represent rare causes of weaning 
failure. Innervation disorders are observed in upper spi-
nal cord injuries as well as congenital or acquired dia-
phragmatic weakness [130]. Acquired diseases of the re-
spiratory pump that occur through conditions such as 
CIP, enterovirus-associated paralysis [131], or acquired 
inactivation of the respiratory muscles, rarely cause wean-
ing failure in children.

Muscle overloading of the healthy respiratory pump 
more often finds its cause in an obstruction of a child’s 
narrow or unstable airways. Transient swelling of the lar-
ynx and tracheal wall due to intubation trauma can lead 
to post-extubation stridor, which is the cause of extuba-
tion failure in up to 35% of cases [126, 129]. Long-term 
intubation can give rise to fibrotic subglottal stenosis; 
here, weaning is often not possible before a tracheotomy 
is applied. Moreover, congenital deformities of the air-
ways, whether they be mechanical (e.g., laryngeal steno-
sis) or functional (tracheomalacia), can lead to weaning 
failure and require differentiated treatments [132, 133].

Gas exchange disorders that arise from diseases of the 
lung parenchyma can certainly prolong the weaning pro-
cess [126, 129, 134]; however, long-term ventilator de-
pendency is rather rare in this situation [127, 128, 135] 
and arises mainly after long-term ventilation associated 
with premature birth (chronic lung disease in premature 
infants) or ARDS (albeit more rarely) [127, 136]. In chil-
dren with congenital heart defects, weaning failure has 
primarily been linked to the duration of ventilation [137], 
as well as the presence of an additional pulmonary disease 
[138]. 

5. Weaning Strategies

Invasive long-term MV and prolonged weaning are as-
sociated with secondary complications such as volutrau-
ma, barotrauma, atelectrauma and biotrauma, tracheal 
lesions, the development of ventilator-associated pneu-
monia, and a significantly increased risk of mortality [8, 
139–141]. Only around 41% of patients with a duration 
of long-term MV more than 14 days live for one more 
year following discharge from hospital [142].

Prompt initiation of the weaning process is fundamen-
tal in terms of preventing long-term MV and prolonged 
weaning. According to Cook et al. [143], weaning from 
MV begins with intubation.

Some of the therapeutic strategies for weaning from 
MV described in this chapter, such as protocol-based as-
sessment of weaning capacity, management of sedation 
and delirium, and early mobilisation, are not specific 
measures in the prolonged weaning process. They rather 
begin in the acute ventilation phase, provide the founda-
tion for successful weaning, and can help to shorten or 
even avoid long-term MV and prolonged weaning. The 
scientific evidence for the effectiveness of these measures 
usually relates to the “simple” or “difficult” phases of 
weaning. Currently, there are no high-evidence level sci-
entific evaluations that primarily focus on the effective-
ness of these measures in patients undergoing prolonged 
weaning.

5.1. Strategies to Prevent Long-Term MV and 
Prolonged Weaning
The following sub-chapters will present the results and 

conclusions from studies on simple and difficult weaning, 
which are of particular importance in terms of preventing 
long-term MV and prolonged weaning. 



Schönhofer et al.Respiration 2020;99:982–10831002
DOI: 10.1159/000510085

5.1.1. Assessment of Weaning Potential
Irrespective of the type of ventilation interface used in 

patients undergoing invasive MV, the basic prerequisite 
for both reducing ventilation time and successful wean-
ing is to already begin assessing the criteria that can indi-
cate a “readiness to wean” in the acute phase of MV (see 
Table 5).

It is important to note that weaning predictors such as 
inspiratory pressure, static compliance or RSBI each do 
not show any positive or negative value that allows the 
estimation of weaning ability alone [144]. Therefore, to 
properly evaluate the weaning potential of patients, it is 
necessary to consider a number of parameters, as outlined 
in Table 5. Nonetheless, these parameters only serve as 
indicators, and can differ in individual cases. 

The S3 Guideline “Infarct-related cardiogenic shock: 
Diagnosis, monitoring and therapy” contains threshold 
values for heart frequency and blood pressure that have 
been revised and adapted to specific clinical situations. 
Therefore, target values for heart frequency and blood 
pressure have been omitted from Table 5 and should in-
stead be referred to in the aforementioned S3 Guideline 
[145]. Similarly, if the patient is already receiving cate-

cholamine therapy, this may need to be evaluated when 
reviewing the patient’s readiness to wean. Low-dose cat-
echolamine therapy in this setting is considered to be in 
the range of 0.05–0.1 μg/kg/min.

Figure 2 presents a flow diagram of the evaluation 
steps taken to determine the patient’s extubation capaci-
ty. In accordance with the revised S3 Guideline on the 
management of delirium, analgesia and sedation [146], 
an adequate assessment of neurological and neurocogni-
tive function as well as the patient’s ability to cooperate 
requires a goal-oriented suspension of sedation (SAT, 
spontaneous awakening trial) in combination with an 
SBT; in patients with a RASS (Richmond Agitation Seda-
tion Scale) ≤–2, sedation interruption should be per-
formed on a daily basis. 

The course of weaning is essentially divided into 2 
stages, depending on the type of interface (mask, tube or 
tracheal cannula). During the first stage, the patient’s 
readiness to wean is assessed under MV on a daily basis. 
During the second stage, an SBT is performed (see Fig. 3). 
This diagnostic test plays a decisive role in determining 
whether extubation will be successful. 

Table 5. Readiness-to-wean criteria [17]

Clinical 
criteria

Sufficient coughing
No excessive secretions
Regression of the acute disease phase that led to intubation
No acute infection

Objective 
criteria

Clinical stability Haemodynamic stability (low-dose catecholamine therapy 
is not contraindicated)1, 2

Metabolic (e.g., exclusion of significant metabolic acidosis, 
namely, a base excess of ≤5 mval/L)

Adequate oxygenation SO2 ≥90 % with FiO2 ≤ 0.4 (> 85 % in the presence of chronic 
respiratory failure) 
OR PaO2/FiO2 >150 mm Hg
Sufficient PEEP

Adequate pulmonary function RR  ≤35/min
VT  >5 mL/kg
RR/VT < 105 (=  RSBI)
No significant respiratory acidosis

Adequate mental function No sedation
OR adequate function under sedation (RASS 0/–1)

1 See the S3 Guideline “Infarct-related cardiogenic shock: Diagnosis, monitoring and therapy”; Registration number: 019–013 [145]. 
2  Explanation in text. RR ,  respiratory rate; Vt ,  tidal volume; PEEP,  positive end-expiratory pressure; RASS,  Richmond agitation-
sedation scale; RSBI,  rapid shallow breathing index; FiO2,  fraction of inspired oxygen; SO2,  oxygen saturation (measured by pulse 
oximetry).
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5.1.2. Management of Sedation, Anxiety, Agitation 
and Pain
An important prerequisite for successful extubation or 

decannulation is an alert and co-operative patient; in-
deed, over-sedation too often leads to an unnecessary 
prolongation of MV [148, 149].

In accordance with the recommendations outlined in 
the current S3 Guideline on the management of delirium, 
analgesia and sedation [146], the weaning protocol should 
be used in combination with a sedation protocol (seda-
tion measures in accordance with the S3 Guideline) in 
invasively-ventilated patients undergoing the weaning 
process. The S3 Guideline recommends that sedation 

should generally be reserved for special situations or in-
dications, and needs not be automatically carried out in 
every invasively ventilated patient. Therefore, sedation 
should either be avoided, or performed on a targeted-ori-
ented basis. A daily attempt at waking patients with pre-
scribed sedation is reserved for those with a RASS ≤–2. 
Target-oriented sedation is carried out by setting a RASS 
target of 0/–1 and regularly reviewing and documenting 
the depth of sedation at least every 8 hours. 

There are different conventional scoring systems avail-
able, including the Ramsay Sedation Scale [150], the Rik-
er Sedation-Agitation Score (SAS) [151] and the RASS 
(Richmond agitation-sedation scale). The S3-Guideline 

Continue mechanical ventilation 

Respiratory exhaustion:
• Tachypnea, orthopnoea, dyspnoea
• RSBI > 105
• Significant reduction in PaO2
• Significant increase in PaCO2
   with respiratory acidosis (pH < 7.35)
• Metabolic acidosis (pH < 7.35)
• Haemodynamic instability
• RASS ≥ 2/< –2   

SBT successful

No Yes

Extubation

Management with NIV, high-flow oxygen
(if necessary) 

Weaning failure: Reintubation within
24 h

Daily assessment of respiratory status / readiness to wean from mechanical ventilation
(weaning protocol used in combination with sedation protocol)

Does the patient meet the following SBT criteria? Target RASS score of 0 to – 1;
if no contraindications exist, SO2 ≥ 90 % with FiO2 ≤ 0.4

(in chronic respiratory failure SaO2 > 85 %);
PaO2/FiO2 > 150; Respiratory rate/tidal volume < 105  

SBT
Pressure support ≤8 cm H2O

Duration: 30 min  

Fig. 2. Flow diagram of the daily routine for screening respiratory status in weaning [147]. SO2, oxygen satura-
tion; FiO2, inspired oxygen fraction; PaO2, partial pressure of arterial oxygen; RASS, Richmond agitation-seda-
tion scale; NIV, non-invasive ventilation; RSBI, rapid shallow breathing index [rerif].
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on the management of delirium, analgesia and sedation 
[146] recommends monitoring sedation with the aid of 
the RASS, which is considered to be a valid gold-standard 
measure in intensive care patients [152, 153]. According-
ly, preference in weaning should also be given to the use 
of a valid RASS score (see Fig. 3).

The sedation score is still too rarely used in Germany 
[154]. Besides the depth of sedation, pain should also be 
monitored every 8 h. This can be performed not only in 
awake patients with scales such as the visual analogue 
scale (VAS) or a numeric/visual rating scale (NRS/VRS), 
but also in sedated patients with the aid of clinical symp-
toms (e.g., facial expression, tachycardia, diaphoresis, 
blood pressure patterns, respiratory rate, lacrimation), or 
scoring systems such as the behavioural pain scale (BPS) 
for intubated and non-intubated patients [155]. Delayed 

awakening, prolonged states of deliria and subsequent 
complications (e.g. ventilator-associated pneumonia) 
lead to prolonged MV. Several studies [156–158] have 
been able to demonstrate that a significant reduction in 
the duration of MV was possible when a sedation proto-
col was used during invasive MV. In the studies by Kress 
et al. [156] and Carson et al. [157], this was achieved by 
daily interruption of sedation and the so-called awaken-
ing phases (spontaneous awakening trial, SAT). The use 
of a protocol for depth of sedation has also been reported 
to reduce the duration of MV and the length of stay on 
the ICU [156, 159].

5.1.3. Daily Sedation Interruption
When combined with an SBT, interrupting the patient’s 

sedation each morning (as opposed to continuous seda-

ExtubationContinue mechanical ventilation

Daily assessment: Actual RASS score = target RASS score of 0 to – 1?  

YesNo

Yes

Yes

YesNo

NoYes

No

No

Do contraindications exist for reaching/
maintaining the target RASS score 

(e.g., increase in ICP)?

Has target RASS score of 0 to –1 been
achieved?

SBT successful?

Define individual target RASS score
whilst avoiding oversedation

Adequate oxygenation, no/minimal administration of vasoactive drugs,
no cardiac ischemia, normal intracerebral pressure, no sepsis

Use sedatives and analgesics with a short, context-sensitive half-life:
• Target-oriented sedation: Reduction in sedation with sufficient patient-oriented
(or preferably patient-driven)  analgesia until the target RASS value is reached
• Perform spontaneous awakening trial (SAT) as alternative

Fig. 3. Flow diagram outlining the management of analgesia and sedation in non-prolonged weaning patients 
[146, 158]. RASS, Richmond agitation-sedation scale; SAT, spontaneous awakening trial; SBT, spontaneous 
breathing trial; ICP, intracranial pressure [rerif]).
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tion) in the scheme of a strictly organised sedation strategy, 
leads to a shorter period of sedation and hence a reduction 
in the duration of MV and the length of the ICU/hospital 
stays [158]. Even when more patients carried out self-extu-
bation, this did not influence the rate of reintubation. How-
ever, the most important finding of the study was that the 
strict combination of a sedation protocol with a weaning 
protocol reduced the 1-year mortality rate. 

Through the availability of new evidence, the signifi-
cance of daily SBTs and waking the patient has had to be 
re-evaluated. To this end, a systemic review showed that 
daily interruption of sedation was not superior to proto-
col-based sedation. More recent studies have shown that 
a protocol-based sedation regime aimed at keeping pa-
tients as awake as possible, or only lightly sedated, has no 
disadvantages compared to wake-up attempts. These so-
called daily sedation interruptions (DSIs) are at best indi-

cated for deeply-sedated patients, and cannot replace the 
awake state per se [146, 160, 161].

According to the recommendations outlined in the S3 
Guideline on the management of delirium, analgesia and 
sedation [146], either no sedation, or a target-oriented 
sedation regime with the designation of a target RASS 
score should also be performed during prolonged wean-
ing. The symptom-oriented treatment of delirium, agita-
tion and pain also follows the recommendations of the S3 
Guideline [146]. A flow diagram describing the manage-
ment of pain and sedation is presented in Figure 3 [146].

5.1.4. Management of Sedation
During the prolonged weaning phase, approaches to 

the monitoring and treatment of anxiety, agitation and 
pain often need to be tailored to patients on an indi-
vidual basis. The corresponding recommendations for 

Table 6. Recommendations for sedation from the S3 guideline, “Management of delirium, analgesia and sedation in intensive care med-
icine” [146]

Recommendation number
and level according to the
DAS Guideline

Recommendations 

5.c.1, 5.c.2; Recommendation 
Level A: “recommended”

Beyond specific indications (e.g., therapeutic sedation in response to increased blood pressure, prone positioning in 
ARDS), aiming for a Richmond agitation-sedation scale (RASS) score of 0/–1 is recommended for patients on the 
ICU

5. d.4; Recommendation
Level A: “recommended”

Daily interruption to the sedation state is currently only recommended for patients with an actual RASS score ≤ –2, 
providing no contraindications exist

4.5 – 4.8; Recommendation
Level A: “recommended”

To sufficiently monitor sedation depth and facilitate the early implementation of protocol-based management, it is 
recommended that sedation be evaluated by means of a valid measuring scale at least once per shift (i.e., every 8 h), 
and an objective sedation goal is regularly established, which can potentially be adapted to changes in the clinical 
situation

5.e.1; Recommendation
Level B: “suggested”

Administration of alpha-2 agonists is suggested for reducing stress and autonomic attenuation in adult patients 
undergoing intensive care therapy 

5.e.2; Recommendation
Level B “suggested”

For symptom-based treatment of agitation and anxiolytic treatment of anxiety in intensive care patients, bolus 
application of benzodiazepines titrated to a target RASS score of 0/–1 is suggested 

5.e.3; Recommendation
Level A: “recommended”

Treatment of psychotic symptoms (at the onset of or during delirium, or in isolated occurrences) with neuroleptics 
is recommended 

5.e.4; Recommendation
Level B: “suggested”

A day-night rhythm should be aimed for in intensive care patients, whereby the use of medicinal and non-medicinal 
measures are suggested, e.g., optimisation of the surrounding conditions on the ICU (reduction of light and noise, 
and minimisation of necessary measures at night)

5.d.1; Recommendation
Level A: “recommended”

It is recommended that the use of propofol be considered for invasively-ventilated patients (off-label use: after 7 
days of administration, or in patients under 16 years of age; dose limit < 4 mg/kg body weight/hour) 

5.d.2; Recommendation
Level O: “can be performed”

Inhalative sedation can be utilised in invasively-ventilated patients when aiming for short periods of awakening

5.d.3; Recommendation
Level O: “can be performed”

With adequate monitoring of sedation, midazolam can be used for sedation with a RASS target score of ≤ –2
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this can be found in the 2015 DAS Guideline [146], and 
are also cited in the same format in the S3 Guideline 
“Invasive Mechanical Ventilation and Extracorporeal 
Membrane Oxygenation in Acute Respiratory Insuffi-
ciency” [162].

If there is an indication for symptom-oriented treat-
ment of agitation (when the RASS is 0/–1) the following 
therapies are recommended: Alpha-2 agonists as a basis 
therapy for stress reduction; discontinuous application of 
benzodiazepines for anxiety; neuroleptics for psychotic 
symptoms and hallucinations; melatonin agonists such as 
non-pharmacological measures for maintaining a day-
night rhythm. 

If there is an indication for moderate/deep sedation, 
the DAS Guideline recommends propofol, while the use 
of volatile anaesthetics or midazolam is recommended on 
a “can be used” level (see Table 6).

5.1.5. Anti-Psychotic and Anxiolytic Treatment 
Concepts
5.1.5.1. Pathophysiology of Delirium. Delirium is the 

most frequent clinical manifestation of brain dysfunction 
in an intensive care medicine setting. Up to 80% of ven-
tilation-dependent patients suffer from delirium during 
treatment on the ICU [163, 164]. Delirium usually runs a 

hypoactive course in this setting and therefore often goes 
unnoticed [165].

Delirium can be distinguished into 2 types: sedation-
related delirium (also known as rapid reversible delirium) 
and non-sedation-related delirium (also known as persis-
tent delirium). Approximately 20% of deliria are catego-
rised as the first type and are hence directly induced by 
sedation [166]. Patients with the 2nd type of delirium 
have a poorer treatment outcome compared to type 1 pa-
tients, since an endogenous functional disorder of the 
brain likely exists in this type of delirium.

Delirium is associated with a longer period of MV, a 
longer stay on the ICU, limited cognitive rehabilitation 
options that carry the risk of persistent deficits, and in-
creased mortality [167–169].

Recent data suggest that the monitoring of delirium 
alone has a positive effect on the target factors mortality 
and lengths of ICU/hospital stays. The DAS Guideline 
[146] explicitly advises against pharmacological preven-
tion, and instead recommends focussing on non-phar-
macological measures. However, if needed in high-risk 
patients, low-dose haloperidol prophylaxis is stated as an 
open recommendation (“can be done”). 

5.1.5.2. Treatment of Delirium. The following recom-
mendations are made in the S3 Guideline “Management 

Table 7. Recommendations for the management of delirium from the S3 Guideline, “Management of delirium, analgesia and sedation 
in intensive care medicine” [146]

Recommendation number
and level according to the
DAS Guideline

Recommendations

4.11; Recommendation
Level A: “recommended”

To recognise delirium as a manifestation of organ dysfunction, to remedy the underlying cause and to allow 
symptomatic treatment, it is recommended to monitor the patient’s delirium with a valid quantitative scale (e.g., the 
confusion assessment method for the ICU [CAM-ICU] [164] or the intensive care delirium screening checklist 
[ICDSC] [170]) at least once per shift 

2.1; Recommendation
Level B: “not suggested”

Routine pharmacological prevention of delirium is not suggested for all adult ICU patients

2.4; Recommendation
Level B: “suggested”

Non-pharmacological prevention of delirium is suggested for all adult ICU patients

2.2; Recommendation
Level O: “can be performed”

Patients with a high risk for developing delirium can receive low-dose haloperidol therapy as prophylaxis 

5.f.4; Recommendation
Level A: “recommended”

Continuous administration of alpha-2 agonists is recommended for treating delirium

5.f.3; Recommendation
Level B “suggested”

Gradual cessation of long-term sedation therapy with the use of adjuvant substances (e.g., alpha-2 agonists) where 
necessary, is suggested for avoiding withdrawal syndromes

5.f.2; Recommendation
Level O: “can be performed”

Low-dose administration of haloperidol, risperidone, olanzapine or quetiapine can be implemented for the 
treatment of delirium

https://www.thieme-connect.de/products/ejournals/html/10.1055/a-1010-8764#JR006-146
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of Delirium, Analgesia and Sedation in Intensive Care 
Medicine” [146], and are also cited in the same format in 
the S3 Guideline, “Invasive Mechanical Ventilation and 
Extracorporeal Membrane Oxygenation in Acute Respi-
ratory Insufficiency” [162]:

Continuous administration of alpha-2 agonists is rec-
ommended for symptom-based therapy, as is a tapered 
sedation regime to avoid withdrawal symptoms. An open 
recommendation is stated for the low-dose administra-
tion of haloperidol, risperidone, olanzapine or quetiap-
ine, taking into account the individual indications (see 
Table 7).

5.1.6. Infectiological Aspects of Weaning
By disrupting gas exchange or increasing bronchial se-

cretions (see Chapter 4.2 and 4.3), pulmonary infections 
can pathologically lead to higher ventilatory demand or 
increased respiratory muscle loading, which further im-
pairs respiratory pump function and potentially reduces 
the chances of weaning being successful. Thereby, evi-
dence from the literature indicates that pneumonia and 
the presence of multi-resistant pathogens have an impact 
on weaning outcome [171, 172], with a higher rate of 
weaning failure observed with the detection of trache
obronchial Pseudomonas aeruginosa and Stenotroph-
omonas maltophilia [171], or MRSA (Methicillin-resis-
tant Staphylococcus aureus), 3-/4-multidrug-resistant 
Gram-negative bacteria (MDRGN) with ESBL (Extend-
ed-spectrum beta-lactamase)-producing enterobacteria, 
multiresistant Pseudomonas aeruginosa and Acineto-
bacter baumannii [172]. However, regarding the influ-
ence of these pathogens on mortality, there are no consis-
tent findings between the two studies. Even though it is 
likely that pulmonary and extra-pulmonary infections re-
flect the severity of the underlying disease, tracheobron-
chial pathogens (especially multi-resistant ones) must re-
ceive special attention in relation to weaning outcome 
(also see Chapter 5.2.1).

To avoid prolonged weaning, including the weaning 
process itself, the preparation of a standard approach is 
recommended to facilitate the early detection and etio-
logical diagnosis of pulmonary and extrapulmonary in-
fections, as well as to enable targeted anti-microbial ther-
apy [173]. This comprises the establishment of strict hy-
giene measures to prevent pathogenic transfer, which 
should be regularly assessed for their effectivity. The in-
dication for antibiotic therapy (such as azithromycin, or 
inhalative antibiotics for Pseudomonas aeruginosa infec-
tions) should be determined on an individual basis, since 
evidence for this is lacking. 

5.1.7. Spontaneous Breathing Trial (SBT)
The SBT measures the spontaneous breathing capacity 

of a patient, and is used as predictive test to determine 
whether a patient can be extubated. The SBT is performed 
after ascertaining the patient’s readiness to wean, and 
should be carried out in conjunction with a sedation pro-
tocol that adheres to the S3 Guideline recommendations 
[146] (see Section 5.1.3).

The first 30 minutes of the SBT are decisive in terms of 
success vs. failure [174, 175]. The predictive value for a 
successful intubation is the same for a 30-min test as it is 
for a 120-min test [174, 176]. As evidenced by multiple 
large studies [7, 23, 174, 177, 178], the positive predictive 
value for a successful extubation following a successful 
SBT is over 80%, providing no other contraindications 
exist for a successful extubation. To this end, neurological 
status [179], a pronounced increase in bronchial secre-
tions, and airway obstruction [177] can present as reasons 
for not carrying out an extubation, despite a successful 
SBT.

The SBT-based criteria for an extubation cannot be ap-
plied at any time in every patient undergoing prolonged 
weaning. Nevertheless, even in patients with limited vigi-
lance and cognition a SBT can be performed if the indi-
vidual clinical situation allows. In this context, the differ-
ence in spontaneous breathing phases between simple 
and prolonged weaning should be mentioned. In simple 
weaning, the SBT is a diagnostic test for evaluating the 
patient’s readiness to be extubated. In prolonged wean-
ing, however, the SBT can aid in the decision-making 
process for diagnosing the cause of prolonged weaning, 
and may also be useful for starting intermittent weaning 
at an early timepoint. In alternation with MV phases, the 
spontaneous breathing phases (which may last several 
hours, if applicable) thereby serve to recondition the re-
spiratory muscles [180, 181] (see Chapter 5.3.8).

Numerous studies have investigated the methodology 
for performing an SBT: When the T-piece trial was com-
pared to low pressure support ventilation (PSV, 7 cm 
H2O [8]; 8 cm H2O [182] or CPAP [183]), there was no 
difference between these methods in terms of a favour-
able SBT outcome and successful extubation post-SBT. 
Some patients experience a problem with respiratory bur-
den, which is caused by the tube during the SBT; this, 
however, can be offset by applying automatic tube com-
pensation (ATC). In two simple-weaning studies, ATC 
was compared with either PSV, or PSV and T-piece ven-
tilation [184, 185], and no difference found between the 
methodologies investigated.
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The following parameters suffice for evaluation of the 
SBT: (i) respiratory rate and (ii) the ratio of respiratory 
rate to tidal volume (RSBI [175]), which should be mea-
sured at the conclusion of the SBT. In this instance, the 
respiratory rate and RSBI should not exceed 35/min and 
105/min/L, respectively. If the patient fails the SBT, MV 
is continued. The cause of SBT failure should be analysed 
in order to recognise and rectify or eliminate the problem 
(see Table 4). The MV strategies that can be applied after 
SBT failure are described in Chapter 5.3. A renewed SBT 
should preferably be carried out daily, in order not to miss 
the chance for a potential early extubation. 

Recommendation (R)1: It is recommended to perform 
an SBT as soon as the patient exhibits readiness to wean. 

R2: Measurement of the rapid shallow breathing index 
at the end of the SBT is suggested for the evaluation of 
respiratory muscle fatigue.

5.1.8. Ultrasound Assessment of the Diaphragm
Kim et al. used ultrasound to investigate diaphragm 

function in 88 patients [186]. Diaphragmatic dysfunction 
was defined either as a vertical deviation of the muscle of 
< 10 mm, or as paradoxical movement. Twenty-four pa-
tients (29%) exhibited diaphragmatic dysfunction and 
when compared to patients with proper function, showed 
a significantly longer weaning time (17 vs. 4 days, p < 
0.01) and total MV duration (24 vs. 9 days, p < 0.01). Fur-
ther studies are needed to determine the value of this 
promising method as a weaning predictor. Di Nino et al. 
investigated diaphragmatic thickening in 63 ventilated 
patients to determine whether this measure could be used 
as a predictor of extubation [187]. The percentage change 
in diaphragm thickness (Δtdi%) during inspiration and 
expiration in the zone of apposition was documented 
during assisted and non-assisted spontaneous breathing. 
The sensitivity and specificity for a Δtdi% of ≥30% was 88 
and 71%, respectively. The positive and negative predic-
tive values were 91 and 63%. The area under the ROC 
curve was 0.79. In comparison to the Δtdi% ≥30%, the 
RSBI measured during the SBT in 26 patients without 
ventilatory support did not perform as well (sensitivity, 
87%; specificity, 33%; PPV, 91%; NPV, 25%). Using so-
nography, Soummer et al. calculated lung aeration in 100 
patients at the conclusion of a 60-min SBT and 4 hours 
after extubation [188]. Patients with post-extubation dis-
tress (Group 2) had a significantly higher ultrasound 
score than those who were definitively weaned (Group 1). 
The increased ultrasound score observed at the conclu-
sion of the SBT was also significantly higher in Group 2 
patients (19 vs. 10, p < 0.001; ROC, 0.86).

Despite the overall promising collection of data on the 
use of ultrasound during weaning, this field of research is 
marked by methodological heterogeneity, which limits 
the comparability of study findings. The authors of the 
current guideline suggest that ultrasound will play an im-
portant future role not only in the prediction of weaning 
success, but also in the monitoring of the actual weaning 
process. However, at the time of completing this guide-
line revision, it was not possible to derive any clear rec-
ommendation from the available data pool (see Chapter 
5.3.7).

5.1.9. Weaning Protocol
The use of standardised protocols while weaning the 

patient from MV can aid the overall weaning process. 
These protocols have been especially developed for sim-
ple weaning, where an extubation is planned following a 
short period of MV. One of the most important factors 
here is the identification of the earliest time point at which 
the weaning process should begin. A number of studies 
support this notion through the observation that approx-
imately 70–80% of patients who receive MV for more 
than 24 h can successfully be weaned from ventilation on 
the first attempt [17]. This implies that many of these pa-
tients could have been weaned even earlier, an assump-
tion that is supported by the observation that only around 
50% of patients need to resume MV after an unplanned 
self-extubation [189].

The use of a protocol for early weaning leads to a re-
duction in the total duration of MV, the duration of wean-
ing, and the length of stay on the ICU. Blackwood and 
colleagues were able to demonstrate this in their 2011 sys-
tematic review [190], as well as in their updated version 
published in 2014 [191]. However, neither of these re-
views found an association between the use of a weaning 
protocol and mortality rate. 

Numerous studies have also been able to demonstrate 
that besides reducing the duration of MV, the use of a 
standardised weaning protocol can also lead to an in-
crease in the amount of successfully weaned patients 
[192, 193]. Furthermore, it has been shown that in pa-
tients who were clinically deemed not ready to wean, the 
transfer to a clinical centre in which a weaning protocol 
was followed led to the immediate successful weaning 
from MV in one third of these patients [194]. It should be 
noted, however, that a weaning protocol does not serve 
any advantage when used in a well-organised centre with 
structured ward rounds and maximal staff numbers 
[195]. Through the use of a weaning protocol in trauma 
patients, a reduction in ventilator-related complications 
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such as nosocomial pneumonia was observed, which was 
associated with a decrease in mortality rate [196]. An im-
portant component of weaning protocols is the patient’s 
state of wakefulness when he/she is supposed to undergo 
an SBT. This is where a balance between the sedation and 
the weaning protocol is required. To this end, one study 
showed that a strictly organised sedation strategy, with 
daily attempts at waking the patient prior to beginning 
the weaning process, led to a reduction in the duration of 
sedation and hence in the duration of MV, as well as 
shorter stays both on the ICU, and in the hospital in gen-
eral [158]. The most important finding of the study was, 
however, that the strict combination of a sedation proto-
col and a weaning protocol was associated with a decrease 
in the 1-year mortality rate [158]. Even though the exact 
mechanisms underlying this difference in mortality rate 
remain under discussion, a clear recommendation for 
undertaking this approach can be derived from these 
findings [193]. These data also serve as a striking example 
of how different organisational structures can actually in-
fluence medical findings. 

Based on these data, the S3 Guideline “Invasive Me-
chanical Ventilation and Extracorporeal Membrane Oxy-
genation in Acute Respiratory Insufficiency” recom-
mends using a weaning protocol in adult patients who 
have been invasively ventilated for more that 24 h [162]; 
this facilitates the standardised evaluation of the patient’s 
readiness to wean, the undertaking of SBTs and the as-
sessment of criteria for ending invasive MV/carrying out 
extubation or decannulation. 

Amongst the prolonged weaning studies that have 
been published, none was found that explicitly investi-
gated the effect of weaning protocols on the duration of 
MV and weaning, as well as weaning success. In line with 
both the S3 guideline on Delirium, Agitation and Pain 
[146] and the S3 Guideline “Invasive Mechanical Ventila-
tion and Extracorporeal Membrane Oxygenation in 
Acute Respiratory Insufficiency” [162], the level of scien-
tific evidence for the combined use of relevant sedation 
protocols and weaning protocols is high for patients in 
Weaning Categories 1 and 2. 

The Guideline committee believes that conferring 
some of the available scientific evidence onto prolonged-
weaning patients is justified. To this end, the committee 
provides the following recommendation for the use of 
protocols in prolonged weaning:

R3: In analogy with patients in Weaning Category 1 or 
2 (simple and difficult weaning), the protocol-based stan-
dardisation of both the weaning process and analgoseda-
tion is recommended for prolonged weaning patients. In 

addition, the use of simple-to-follow protocols is suggest-
ed for the management of agitation, delirium and pain, as 
well as for the assessment of spontaneous breathing ca-
pacity. 

5.1.10. Cuff-Leak Test
Once ventilated patients have successfully completed 

an SBT, a complication known as post-extubation stridor 
can occur after extubation, especially in patients who 
have been intubated for more than 36 hours. To evaluate 
the probability of this complication, which has an occur-
rence rate of between 2 and 16% [197], a cuff-leak test 
(measurement of air leakage after unblocking endotra-
cheal tube) can be performed prior to the planned extuba-
tion [197, 198]. This allows an estimation of the degree of 
obstruction expected to occur after extubation takes place 
[197–199]. The test begins by ascertaining the expiratory 
tidal volume (Vt) with an inflated cuff under the assist-
control ventilation mode. The measurement is then re-
peated with a deflated cuff, whereby a markedly lower 
expiratory volume is expected due to leakage. Prior to the 
test, endotracheal and oral suctioning should be per-
formed, and following a control check and documenta-
tion of the cuff pressure, it should be verified whether the 
inspiratory and expiratory tidal volumes are equal [200]. 
Thereafter, the cuff is deflated and the inspiratory and 
expiratory tidal volumes are monitored over 6 respiratory 
cycles, whereby the difference in Vt should become stable. 
The average of the 3 lowest expiratory tidal volumes is 
then correlated with the inspiratory tidal volume mea-
sured before the cuff was deflated. 

A minimal difference of < 130 mL between both vol-
umes (cuff-leak volumes) is judged as “positive” (i.e. 
pathological) and can identify patients with post-extuba-
tion stridor [199]. However, it should be noted that the 
cut-off value varies between the different examinations. 
Two studies defined the limit as < 24% of the Vt, three 
studies as < 110 mL, and one as < 25% of the Vt [201]. A 
meta-analysis of nine studies revealed that the cuff-leak 
test had a mean sensitivity of 0.63 and specificity of 0.86 
[202]. Patients with obesity hypoventilation syndrome 
(OHS) and sleep-related respiratory dysfunction exhibit 
dynamic obstruction of the upper airways, depending on 
their stage of sleep and body position. Therefore, the cuff-
leak test in this group of patients can especially yield a 
false-negative result. Lemyze et al. postulated that the an-
atomical relevance of a positive cuff-leak test has not been 
sufficiently investigated and can yield false-positive re-
sults [203], such as in cases where a large-diameter endo-
tracheal tube is combined with a narrow glottis. The au-



Schönhofer et al.Respiration 2020;99:982–10831010
DOI: 10.1159/000510085

thors carried out fibreoptic laryngoscopy examinations in 
34 patients with a positive cuff-leak test, and found that a 
subset of patients had relatively inconspicuous vocal 
cords, whereas swelling was observed in the vicinity 
where the stomach tube and endotracheal tube had com-
pressed the tissue in between (posterior larynx in the area 
of the posterior commissure); this however, did not pres-
ent as an impedance to extubation. The use of comple-
mentary laryngeal ultrasound in the future may help to 
better predict post-extubation failure [204].

Based on an analysis of 14 observational studies, the 
2017 Clinical Practice Guideline by the American Thoracic 
Society/American College of Chest Physicians recom-
mends performing the cuff-leak test in patients who fulfil 
the extubation criteria, and in whom there is a high risk of 
post-extubation stridor [205]. However, this recommenda-
tion carries a high level of uncertainty, given the evidence 
available. This means that statements about its relevance 
cannot be made. In particular, the risk of unnecessarily pro-
longing the duration of MV in the event of a false positive 
test has led to the test being restricted to high-risk patients 
(traumatic intubation, MV duration of > 6 days, endotra-
cheal tube, female gender, reintubation after unplanned ex-
tubation); this is due to the fact that the majority of patients 
who do not receive a cuff-leak test are nevertheless success-
fully extubated. The vast majority of patients undergoing 
prolonged weaning fulfil these risk criteria.

In high-risk patients who have a pathological cuff-leak 
test result but otherwise fulfil the extubation criteria, the 
guideline by the American Thoracic Society/American 
College of Chest Physicians [206] recommends the sys-
temic administration of steroids at least 4 hours before 
the extubation is to take place. This recommendation is 
based on a meta-analysis of 7 randomised controlled tri-
als (RCTs), where it was shown to have a positive effect 
on high-risk patients with reduced cuff-leak volumes 
[207]. Another meta-analysis which was published in 
2017 and included 11 RCTs confirmed these findings by 
showing that the administration of steroids in high-risk 
patients is associated with a significant reduction in post-
extubation airway events and reintubation (airway events: 
risk ratio [RR], 0.34; 95% CI 0.24–0.48; reintubation: RR, 
0.35; 95% CI 0.20–0.64) [201]. The Number Needed to 
Treat was 5 for airway complications and 16 for reintuba-
tion. Furthermore, an analysis of dosage (cumulative hy-
drocortisone-equivalent dose between 100 and 1,000 
mg), treatment intervals, and treatment frequency (1–4 
doses within 24 h, with the final or single dose given 30 
min–4 h before extubation) was performed, showing the 
lack of effects for dosage and treatment interval.

In cases where extubation is not possible, the test 
should be repeated after 12 h. 

The value of cuff-leak testing in prolonged weaning 
has not yet been investigated. In prolonged-weaning pa-
tients with a corresponding risk profile for post-extuba-
tion stridor, it appears medically reasonable to carry out 
a cuff-leak test prior to extubation in these patients. 

R4: Performing a cuff-leak test prior to extubation is 
recommended for determining the occurrence probabil-
ity of post-extubation stridor.

R5: An adjuvant fibreoptic laryngeal examination is 
suggested for patients with a positive cuff-leak test result, 
to find the distinct cause of the positive result. 

R6: The administration of corticosteroids (at least 4 
hours before extubation) is suggested for patients with a 
pathological cuff-leak test result. 

5.1.11. Early Mobilisation
The term mobilisation encompasses the measures for 

implementing passive and/or active functional move-
ment exercises in patients, with the goal of promoting or 
maintaining functional mobility and hence functional in-
dependence. Early mobilisation describes the early im-
plementation of mobilisation measures in critically-ill as 
well as ventilated patients, which is usually within 72 h of 
admission to the ICU [208]. In contrast, positioning de-
scribes the changing of the patient’s body position in bed, 
and serves to influence gravity-related effects [208].

Early mobilisation promotes faster rehabilitation in 
ICU patients, with the goal of maintaining or promoting 
functional mobility. It also serves to counteract (i) rapid 
fatigue and atrophy of the respiratory muscle pump and 
skeletal muscles, (ii) the development of psycho-cogni-
tive deficits, and (iii) the formation of positioning-related 
skin and soft-tissue injuries [209].

Before movement can occur in the sitting or standing 
position, the patient needs to be prepared for this process 
through passive/assisted or active exercises, the acquisi-
tion of muscle function and stretching exercises. Passive 
mobilisation (e.g., special chair) or sitting on the edge of 
the bed to perform balance training is then undertaken to 
the point where active mobilisation, standing, walking 
exercises, and possibly balance and coordination exercis-
es are possible.

The initiation of early mobilisation precedes the pro-
longed weaning phase, and is understood to be an adjunc-
tive measure in ICU patient therapy for preventing or 
shortening long-term MV and prolonged weaning.

The available randomised controlled studies on the 
impact of early mobilisation during the acute phase of 
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critical illness yield a heterogeneous picture in terms of 
the acquisition of mobility and muscle function and the 
duration of MV [217]. Table 8 summarises the published 
randomised controlled studies in the context of their 
most important findings.

The value of neuromuscular electrostimulation for 
preventively effective muscle activation during the acute 
phase of critical illness has only been investigated in a few 
studies, including pilot studies [220–224]. These studies 
reported on the positive effects of electrical muscle stimu-
lation on muscle strength, muscle function, and the main-
tenance of muscle mass. 

Nydahl et al. [225] reported in their study of 116 Ger-
man ICUs that the implementation of early mobilisation 
in daily clinical practice is still considerably limited, de-
spite its broad indication. This study found that only 8% 
of endotracheally-intubated patients were mobilised out-
of-bed, while 15% were not mobilised at all. Similar find-
ings were published in an American study, where 32% of 
the patient cohort investigated had received physiothera-
py, and a positive association was found between occupa-
tional therapy and the absence of MV [226]. Another 
study carried out in the US showed that in a sub-group of 
patients who had undergone prolonged weaning for > 14 
days, physiotherapy was prescribed only in 45% of these 
patients, most of whom had a tracheotomy, a limited need 
for sedation or impaired mobility prior to their hospital 
stay [227]. The intensity level of the physiotherapy was 
generally described as low, and rarely went beyond pas-
sive or active movement of the extremities.

An analysis of the possible hurdles faced in the early 
implementation of mobilisation on the ICU revealed 

multiple factors including patient-related, structural 
and cultural, or process-related issues [228] (see Table 
9).

In summary, numerous studies have demonstrated 
that early mobilisation has a high level of safety and is 
generally feasible. Since the literature does not define any 
exclusion criteria for early mobilisation, mobilisation 
needs to be adapted to acute situations such as untreated 
fractures, respiratory instability and palliative care pa-
tients. The average rate of undesired side-effects occur-
ring from mobilisation treatment is < 1%. These incidenc-
es were limited to exceptional cases of oxygen saturation 
or cardiac instability, and were able to be treated by end-
ing mobilisation therapy. 

The process of early mobilisation is facilitated by a 
multi-professional approach, where roles and responsi-
bilities as well as the timing, intensity and duration of the 
therapy can be most easily arranged [229, 230].

Structural problems can also impair the comprehen-
sive implementation of regular physiotherapy on inten-
sive care and weaning units [231]:
•	 The establishment of early mobilisation is an impor-

tant procedure in terms of documenting complex in-
tensive care treatment, according to which a distinc-
tion is made between simple and complex intensive 
care medicine. The additional work required for phys-
iotherapy services in prolonged weaning are not ade-
quately reflected by the Operation and Procedure 
Code (OPS) catalogue. Therefore, the corresponding 
additional costs associated with physiotherapy in pro-
longed weaning are not represented. This then pre-
vents adequate staffing of physiotherapists in the pro-
longed weaning sector. 

•	 Given that many ICUs lack permanent physiotherapy 
personnel that are assigned to the unit on a long-term 
basis, continuous physiotherapy treatment for pa-
tients becomes difficult, particularly for those under-
going prolonged weaning.

•	 Finally, the various professional bodies offer differing 
opinions about the role of physiotherapists on the 
ICU. From our perspective, secretion management, 
including endotracheal suctioning after mobilisation 
of the secretions, is an invasive measure that most log-
ically belongs to the tasks of the nursing staff and the 
physiotherapists. However, physiotherapists still re-
quire permission for this following training and dele-
gation by the responsible physicians. Furthermore, 
speech and respiratory therapists can also be included 
in the treatment process. 

Table 9. Barriers for the implementation of early mobilisation on 
the intensive care ward [228]

Patient-related
issues

Patient is not resilient enough
Haemodynamic instability
Obesity
Pain
Delirium

Structural issues Minimal staff available
No mobilisation program in place

Process-related
issues

Lack of planning/coordination
Lack of daily feasibility screening 

Cultural issues Early mobilisation is not considered to be 
important
Lack of a multi-professional therapeutic 
approach

https://www.thieme-connect.de/products/ejournals/html/10.1055/a-1010-8764#JR006-228
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5.2. The Significance of Physiotherapy and 
Measurement of Peak Expiratory Flow in Prolonged 
Weaning
While early mobilisation on the ICU is considered to 

be a measure for preventing long-term MV and pro-
longed weaning, intensive physiotherapy, speech thera-
py, and occupational therapy all play an important role in 
the integral rehabilitation concept in prolonged weaning. 
Similar to the meaning of the term “early mobilisation” 
during the acute phase of critical illness, the term “mo-
bilisation” is used to describe the passive and/or active 
movement exercises undertaken during prolonged wean-
ing. 

5.2.1. Physiotherapy in Prolonged Weaning
There is little to no scientific evidence regarding the 

allocated numbers of physiotherapists or other therapeu-
tic professionals on intensive care and weaning units 
[232].

The weaning guidelines by the German Neuroreha-
bilitation Society (Deutsche Gesellschaft für Neuroreha-
bilitation, DGNR) provide an overview of the impact of 
therapeutic/rehabilitative interventions [233]. Despite 
the lack of scientific evidence, experts assign a high lev-
el of importance to this kind of intervention (particu-
larly physiotherapy) in the prolonged weaning setting. 
As the main components of treatment, mobilisation and 
secretion management determine the success or failure 
of: (i) weaning the patient from the ventilator, (ii) decan-
nulation and (iii) the transfer to a rehabilitation facility 
for continued therapy. During the complex weaning 
process, physiotherapy is essential for reconditioning, 
mobilisation, and secretion elimination, and must be 
carried out daily at an intensive level (see Quality Indi-
cator [QI] 1). Due to the lack of conclusive studies on 
this special topic, the recommendations stated below are 
based on the level of evidence derived from expert opin-
ion. 

A study on integrative rehabilitation concepts report-
ed that neuromuscular electrical stimulation partly pre-
vented further muscle atrophy in patients with advanced-
stage disease who are unable to perform voluntary mus-
cle contraction (e.g., in those with spinal cord injury or 
pronounced CIP and/or CIM) [234]. Moreover, when 
electrostimulation was combined with active physiother-
apy, the time taken until mobilisation in a wheelchair was 
achieved was considerably shortened [234]. A meta-
analysis of this topic that included nine studies (albeit of 
a non-homogenous quality) found clear evidence that 
neuromuscular electrical stimulation was associated 

with a growth in muscle mass, volume, and strength, as 
well as a reduction in MV and weaning duration [235]. 
An earlier study also observed an effect on muscle pro-
teins, which showed increased breakdown in association 
with intermittent electrical muscle stimulation [236]. A 
similar appraisal emerged from a 2016 Cochrane analy-
sis, which showed a significant increase in the strength of 
the quadriceps femoris muscle, along with an increase in 
thigh muscle mass [237]. In a study of 16 patients with 
invasive MV for more that 48 hours, the combination of 
neuromuscular stimulation (especially of the thigh mus-
culature) with passive movement via a bed pedal exer-
ciser gave rise to a trend towards an earlier and quicker 
ability to stand and walk, accompanied by a significantly 
shortened duration of delirium [238]. By means of spe-
cial training equipment and adaptation to the patient’s 
own performance ability, not only are active movement 
exercises possible, even when lying in bed, but also pas-
sive and active aerobic training of the arm and leg mus-
cles.

Many neurorehabilitation patients, including those 
undergoing prolonged weaning during the early phases 
of neurological/neurosurgical rehabilitation, show evi-
dence of infection with multi-resistant pathogens. This 
leads to reduced contact with medical and nursing staff, 
and possibly has an influence on the frequency of exercise 
sessions with the physiotherapist. Despite undergoing re-
habilitative therapy, the outcome for these patients is 
worse than that of those without the colonisation of 
multi-resistant pathogens, where they show a longer du-
ration of treatment, lower Barthel Index (BI) at hospital 
admission and discharge, lower BI during early rehabili-
tation, and low coma recovery scale (CRS) at hospital dis-
charge [239] (see Chapter 5.1.6).

The prerequisite for an integrative rehabilitation con-
cept in prolonged weaning is that both the cardiac and 
respiratory reserves of the patients are observed in accor-
dance with the recommendations of the European Respi-
ratory Society and the European Society of Intensive Care 
Medicine Task Force on Physiotherapy for Critically-Ill 
Patients [240]. This particularly pertains to patients un-
dergoing prolonged weaning, to ensure they are not en-
dangered through exposure to a non-physiologically high 
load. By observing the limits of these cardiac and respira-
tory loads, physiotherapeutic treatment can be safely car-
ried out. This is exemplified by a prospective observa-
tional study of 1110 patients who each underwent an av-
erage of 5–6 physiotherapy sessions: out of this total 
number of patients, only 36 (0.6%) therapy sessions had 
to be prematurely stopped, mainly due to cardiac ar-
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rhythmia or hyper-/hypotensive circulatory dysfunction 
[241]. Mobilisation measures have already been empiri-
cally proven to be effective in the early stages of neuro-
logical/neurosurgical rehabilitation of patients with MV 
[233].

R7: Daily mobilisation of patients undergoing pro-
longed weaning is recommended, provided there are no 
exclusion criteria present. 

R8: Performing 20 min of mobilisation per day by 
means of a tiered procedure (beginning with passive mo-
bilisation) based on an in-hospital algorithm is recom-
mended.

QI1: Daily mobilisation: Number of patients mobil-
ised/Number of patients undergoing prolonged weaning. 

5.2.2. Measurement of Peak Expiratory Flow in 
Patients with an Endotracheal Tube or Tracheal 
Cannula
Besides obtaining a positive SBT result, the ability to 

clear secretions by coughing following extubation is cru-
cial for successful weaning in patients with neuromuscu-
lar diseases. The measurement of peak cough flow (PCF) 
is predictive for the risk of obstruction caused by secre-
tions in the lower airways following extubation or decan-
nulation (i.e. in spontaneously-breathing patients). In 
ALS (Amyotrophic Lateral Sclerosis) patients, a PCF of 
≤160 L/min correlates with outcome [242], which means 
that weak coughing is associated with a poor prognosis. 

Since PCF is markedly lower in intubated and trache-
otomised patients (lack of glottis function for generating 
intrathoracic pressure, tube/cannula-related hinderance 
of effective coughing), the measurement of peak expira-
tory flow (PEF) using an in-line peak flow meter on the 
tube is analogous to PCF during spontaneous breathing 
[243, 244]. Values below 60 L/min [243] or 35 L/min 
[244] have been identified as predictors of extubation fail-
ure. The semi-quantitative analysis of cough strength 
(semi-quantitative cough strength score, SCSS), for which 
a score between 0 and 5 is assigned (0 = no cough on com-
mand, 1 = audible movement of air through the tube, but 
no audible cough, 2 = weakly (barely) audible cough, 3 = 
clearly audible cough, 4 = stronger cough, 5 = multiple 
sequential strong coughs), was shown in a 2015 study to 
have a similar diagnostic value to that of the PCF at a cut-
off value of 3 [245]. 

By undergoing corresponding intensive secretion 
management therapy with a physiotherapist in the post-
extubation phase, neuromuscular patients with a low PEF 
can also be successfully extubated and then likely switched 
to NIV therapy.

R9: The measurement of peak expiratory flow is rec-
ommended prior to extubation/decannulation, especially 
in patients with neuromuscular impairment. An inten-
sive, non-invasive secretion management program is 
strongly recommended for patients with values below 60 
L/min after extubation or decannulation. 

5.2.3. Combining Different Procedures
In addition to adequately resolving respiratory failure, 

the successful completion of invasive MV requires a suf-
ficient cough strength and swallowing reflex, along with 
airway patency and secretion volume (no excessive secre-
tion). Quantitative documentation of the various clinical 
criteria (see Table 5) is therefore useful. In their prospec-
tive observational study of 125 burn patients, Smailes et 
al. showed that combined measurements of endotracheal 
suctioning frequency and cough peak flow had a strong 
predictive capacity [246]. A study of 403 patients with ex-
tubation failure by Lai et al. identified the cuff-leak test, 
RSBI, and maximal expiratory pressure as independent 
risk factors [247].

5.3. Types of Ventilation Used in Weaning
5.3.1. Introduction
In the field of modern MV medicine, a multitude of 

modalities are available, some of which are implemented 
in prolonged weaning procedures. Controlled and assist-
ed ventilation modes can essentially be distinguished, al-
though there is no strict intersection between these two 
modes. Despite the huge number of ventilation modes in 
existence, only a limited number have been established in 
daily clinical practice. Since very few studies have inves-
tigated the role of special ventilation procedures in pro-
longed weaning, recommendations for selecting a specif-
ic ventilation method can only be given with caution. Ta-
ble 10 provides an overview of the most common modes 
of MV. 

During spontaneous breathing, the work of breathing 
is accomplished by the respiratory muscles (diaphragm 
and auxiliary respiratory muscles), whereas during assist-
ed MV, part of the work is taken over by the ventilator. In 
controlled MV, the work of breathing is exclusively ac-
complished by the ventilator and the patient remains pas-
sive. 

Adaptive MV represents a separate group, because the 
degree of support here varies, depending on either the 
patient’s respiratory drive or the work of breathing.

Stable spontaneous breathing or adequate respiratory 
drive is generally required for assisted vs. adaptive venti-
lation modes. 
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Controlled MV means that the work of breathing in 
passive patients is completely taken over by the ventilator. 
The pressure generated by the ventilator (pressure-con-
trolled ventilation, PCV) as well as the volume support 
provided (volume-controlled ventilation, VCV) are con-
trolled through the ventilator set-up, and the patient is 
unable to have any influence over these fixed specifica-
tions.

In deeply-sedated patients and often in muscle-re-
laxed patients, controlled MV leads to the ventilator tak-
ing over the entire work of breathing. If the patient is not 
relaxed, and only superficially sedated or even awake, 
then the entire work of breathing is not necessarily taken 
over by the ventilator. This can lead to a substantial 
amount of work for the patient’s respiratory muscles, es-
pecially when there is no existing synchrony between the 
ventilator and the patient. Improved synchronisation 
can, however, be achieved by implementing an inspira-
tory trigger for the patient, like that used in assisted ven-
tilation procedures. Assisted-controlled MV modes (as-
sist-control ventilation [ACV] or assisted pressure-con-
trolled ventilation [APCV]) can lead to respiratory 
muscle unloading, especially if the background frequen-
cy is above the respiratory rate of the patient, and the 
patient is then formally ventilated in a controlled man-
ner. According to the nomenclature of the S3 Guideline 
“Invasive Mechanical Ventilation and Extracorporeal 
Membrane Oxygenation in Acute Respiratory Insuffi-
ciency” [162], this ventilation procedure does not offi-
cially deal with (purely) “controlled” ventilation, since 
triggering is carried by the patient, thereby allowing or 
taking into account the spontaneous breathing fraction of 
the ventilator, even though, for example, a defined tidal 
volume is applied onto the trigger by the ventilator (ACV).

Hybrid MV then refers to the situation where different 
forms of MV are combined e.g. SIMV + PSV.

Given the lack of a set nomenclature, ventilation 
modes that are practically identical are described differ-
ently in some instances by ventilator manufacturers. A 
clear description of the ventilation form should be par-
ticularly noted, even when ventilated patients are being 
transferred to another clinic such as a weaning centre. 

5.3.2. Controlled MV
From a pathophysiological perspective, muscle-un-

loading ventilation that allows respiratory muscle rest 
and regeneration between spontaneous breathing phases 
is generally worthwhile during prolonged weaning [248]. 
However, the use of controlled or fully unloading forms 
of ventilation can also lead to structural damage of the A
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respiratory muscles [249, 250]. This so-called ventilator-
induced diaphragmatic dysfunction (VIDD) was initially 
described in animals [251], and subsequently confirmed 
in humans during the acute phase of the disease [252, 
253]. A MV duration of 18–69 hours (mean duration: 34 
± 16 hours) already leads to significant atrophy of the 
diaphragm muscles [252]. This atrophy, along with the 
loss of diaphragmatic strength, correlates with the dura-
tion of MV [254], possibly in a logarithmic fashion, 
whereby the loss of strength in the first hours or days of 
MV is the most pronounced [255].

Besides the duration of ventilation, the extent of un-
loading appears to play an important role in the develop-
ment of diaphragmatic injury, as demonstrated in a com-
parative study of assisted versus controlled MV in rabbits 
[256]. In this study, the mRNA (messenger Ribonucleic 
Acid) levels of a gene known to be associated with muscle 
atrophy were found to be increased by 174% in the con-
trolled-ventilation group. Additional causes of VIDD 
have been postulated to be oxidative stress, structural 
damage of the muscles, and altered muscle fibre develop-
ment [66]. Therefore, the use of long-term MV in which 
the muscles are completely inactive leads to atrophy of the 
respiratory muscles [252] and does not appear to be use-
ful for weaning therapy.

R10: Sufficient unloading of the respiratory muscles to 
allow regeneration between spontaneous breathing phas-
es during weaning is recommended. 

R11: Avoiding long-term MV that completely unloads 
the respiratory muscles is recommended.

5.3.3. Assisted MV
The term “assisted” means that support from the ven-

tilator is initiated at the beginning of the inspiration phase 
(inspiratory trigger). Depending on the type of MV, the 
patient can also terminate support from the ventilator by 
an expiratory trigger. This is where the set-up of the in-
spiratory trigger can influence the patient’s work of 
breathing. The same applies for the selection of the pres-
surisation rate [257], as well as an appropriate expiratory 
trigger (also known as “inspiratory cycling” or “off-cy-
cling”) [101, 258]. Switching between controlled and as-
sisted ventilation means that the patient’s resulting work 
of breathing amounts to more than 50% of the total work 
of breathing performed during spontaneous breathing 
[259].

5.3.3.1. Pressure-Support Ventilation (PSV). The most 
frequently implemented type of assisted ventilation is 
PSV. Here the patient can independently regulate the 
breathing pattern based on an inspiratory and expiratory 

trigger. The inspiration trigger as well as the off-cycling 
criteria vary amongst modern ventilatory devices during 
assisted or pressure-support ventilation. Since fixed de-
vice settings (off-cycling at 25% peak flow) leads to expi-
ratory delays, especially in COPD patients [258, 260, 261], 
ventilators with selectable variables should be used to fa-
cilitate optimal MV. The level of pressure support during 
the inspiratory phase is constant and therefore indepen-
dent of the patient’s respiratory drive; in the expiratory 
phase, the airway pressure drops to zero, or to a prese-
lected PEEP level. PSV diminishes the work of breathing 
and oxygen consumption in respiratory muscles and pre-
vents diaphragmatic fatigue [262, 263].

R12: Ventilatory devices with adjustable inspiratory 
and expiratory triggers are recommended for use in pres-
sure-support ventilation. 

5.3.4. Combined MV (synchronised intermittent 
mandatory ventilation, SIMV)
In this type of ventilation, the patient can trigger ad-

ditional breaths between the time-controlled mandatory 
breaths. The rapid alternation between assisted and non-
assisted breathing during SIMV does not appear to be 
answered by the respiratory centre at the same speed 
[264]. This means that the respiratory muscles are also 
active during assisted breathing, which results in over-
loading and fatigue of these muscles [265].

Based on this finding, the use of SIMV in prolonged 
weaning cannot be recommended (see Recommendation 
15).

5.3.5. Adaptive MV
5.3.5.1. Adaptive Support Ventilation (ASV). This MV 

procedure is a combination of pressure-controlled SIMV 
and PSV. The targeted alveolar ventilation (V’A), PEEP 
and FiO2 values are set by the user. The degree of pressure 
support as well as the frequency of mandatory breaths are 
calculated by the system itself. The system assists sponta-
neous breathing and regulates this support in a way that 
enables the preset V’A to be reached. All of the published 
studies that have investigated this form of MV have been 
carried out in patients with simple-weaning (Group 1). 
Out of 8 randomised studies [266–273], 6 of these report-
ed that extubation could be achieved sooner with the use 
of ASV; the mean duration of intubation was 4 hours 
shorter in one study [271] and less than 1 hour shorter in 
another [270]. The remaining 2 studies solely showed a 
reduction in the number of manipulations required on 
the patient and the ventilator [272, 273]. Furthermore, 
there is evidence for the potentially better unloading of 
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respiratory muscles under ASV therapy [274]. A clear ad-
vantage of this was seen in a study of 97 COPD patients 
who had been invasively ventilated for > 24 h before inclu-
sion and randomisation into ASV or PSV treatment 
groups (median ventilation duration prior to inclusion: 
48 and 67 hours, respectively), and who fulfilled the cri-
teria for weaning; here, the authors reported a significant 
reduction in the duration of weaning (24 h [20–62 h] vs. 
72 h [24–169 h], p = 0.041) [266]. Overall, there are no 
available data on the use of ASV in prolonged weaning, 
and no comparative studies of established weaning con-
cepts [35, 275]. Nonetheless, it can be deduced from the 
existing studies that no significant benefit could be dem-
onstrated for the control group (usually those receiving 
PSV).

5.3.5.2. Neurally Adjusted Ventilatory Assist (NAVA). 
In this form of MV, the inspiratory effort of the patient is 
detected via an oesophageal probe that measures electri-
cal activity of the diaphragm. The selection of an amplifi-
cation factor then regulates delivery of pressure support, 
which behaves proportionally to the signal obtained by 
electromyography. The signal acquisition also appears to 
be safely derivable and feasible in patients with critical-
illness polyneuropathy/myopathy [276–278]. If the ven-
tilator measures an increase in tidal volume in the pres-
ence of a constant amplification factor, then this is a sign 
of increasing respiratory muscle effectivity. This param-
eter can potentially be used as a marker for respiratory 
muscle recovery [279]. Another potentially valuable as-
pect of this technique relates to the visualisation and 
monitoring of electrical activity in the context of weaning 
[253, 279–282]. When compared to PSV, NAVA is asso-
ciated with reduced patient-ventilator asynchrony [283]. 
Delisle et al. were also able to show that in comparison to 
those undergoing PSV, patients receiving NAVA therapy 
had fewer ineffective trigger efforts and improved sleep 
quality, with significantly increased proportions of REM 
and deep-sleep phases, less fragmented sleep and fewer 
episodes of central apnea [284]. What appears to be just 
as important as trigger sensitivity is the synchronisation 
of off-cycling (the switch from the inspiratory to expira-
tory phase), which is often rather markedly delayed in 
pressure-support ventilation [285] and becomes signifi-
cantly reduced through NAVA therapy. The importance 
of a synchronised interaction between the patient and the 
ventilator has been underestimated until now, but possi-
bly has a significant causal component for the develop-
ment and maintenance of prolonged weaning [286–288]. 
To date, few studies have investigated the role of NAVA 
in weaning. Compared to PSV, the use of NAVA reduces 

the risk of over-assistance [289]. In patients who had un-
dergone more than 72 hours of prolonged controlled ven-
tilation, the use of NAVA was associated with the recon-
ditioning of diaphragm activity when compared to the 
effects of PSV [289, 290]. A recently published prospec-
tive randomised study of 33 COPD patients in prolonged 
weaning showed that the use of diaphragmatic monitor-
ing alone led to a significant improvement of the conven-
tional ventilation method, and that following a switch to 
NAVA, 69% of patients showed improved synchronisa-
tion, a reduction in the work of breathing and increased 
comfort [291].

Therefore, both the monitoring of diaphragmatic ac-
tivity and the use of NAVA can improve patient-ventila-
tor interactions in COPD patients undergoing prolonged 
weaning. Studies relating to patients without chronic ob-
structive lung disease and difficult or prolonged weaning 
were not found.

5.3.5.3. Proportional Assist Ventilation (PAV). In pro-
portional assist ventilation, the ventilator measures in-
stantaneous gas flow (as a measure of inspiratory effort) 
and calculates the inspiratory muscle pressure (Pmus) of 
the patient based on measurements for elastance, resis-
tance, and current respiratory performance. The degree 
of compensation (respiratory unloading) is then ex-
pressed as a percentage value. The available data on the 
effects of PAV demonstrate a reduction in the work of 
breathing in weaning patients with underlying COPD 
[292]. However, respiratory unloading was more effective 
and the intrinsic PEEP more strongly reduced when PAV 
was supplemented by positive-expiratory pressure. An-
other study reported that for an experimental increase in 
thoracic and abdominal restriction, support from PAV is 
more effective than that under PSV, since PAV adapts 
proportionally to the inspiratory effort of the patient 
[293]. Therefore, loading and unloading under PAV is 
generally more homogeneous than it is under PSV. 
Changes in resistance or compliance during MV that can-
not be foreseen during ventilator set-up can lead to a so-
called “run-away” phenomenon, which corresponds to 
over- or under-assistance of the ventilator. This problem 
can be dealt with by carrying out continuous measure-
ments of resistance and compliance, as in the newer ven-
tilation technique known as PAV+ (PAV with adjustable 
gain factors) [294, 295]. Because it directly adapts the 
breathing support to the patient’s needs, PAV can effec-
tuate a better interaction between the patient and ventila-
tor, and positively influence sleep quality [296]. A pro-
spective controlled randomised pilot study in which 54 
(mostly intensive-care) patients with a ventilation dura-
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tion of > 36 h of PAV+ vs. PSV were compared (27 PAV, 
23 PSV) showed no difference in the time taken until the 
first successful SBT, but did reveal a significantly better 
patient-ventilator interaction in PAV-treated patients 
[297]. There are currently no study data that show an ad-
vantage of PAV+ in patients undergoing prolonged 
weaning, although indirect evidence does suggest that 
PAV is not inferior to PSV. A recommendation for the 
use of PAV can therefore not be given.

5.3.6. Hybrid MV
Hybrid MV combines assisted forms of ventilation that 

support tidal volume with assisted forms that guarantee 
respiratory minute volumes [298]. Modern ventilatory 
devices enable a multitude of possible combinations (e.g., 
IMV (intermittent mandatory ventilation) + PSV, IMV + 
ATC, intermittent mandatory pressure-release ventila-
tion (IMPRV), BIPAP (bi-level positive airway pressure) 
+PSV, BIPAP + ATC, PSV + ATC and PAV + ATC).

In theory, the integration of 2 different forms of MV 
could be important for patients undergoing prolonged 
weaning. By adding a tidal volume-supporting procedure 
(e.g., PSV) to a minute breathing volume-supporting pro-
cedure (e.g., BIPAP), the degree of muscle unloading in 
both procedures can potentially be controlled in a spe-
cific manner. Hybrid ventilation concepts are plausible in 
the context of weaning. They entail the progressive reduc-
tion of BiPAP frequency with a simultaneous increase in 
the proportion of pressure-supported breaths. As the ca-
pacity of the respiratory muscles increases over the course 
of therapy, the extent of pressure support is progressively 
reduced and MV is ultimately terminated.

However, there are no studies that have clearly dem-
onstrated that combining these ventilation processes is 
actually advantageous for weaning patients. In addition, 
the results of studies investigating the effects of SIMV (see 
Chapter 5.3.4) suggest that the use of hybrid ventilation 
methods may have disadvantages. The hypothesis for this 
is that an insufficient response of the respiratory centre to 
rapid alternation between assisted and non-assisted 
breaths can also be disadvantageous in hybrid ventilation 
when no feedback algorithm is integrated, as is the case 
for adaptive ventilation. 

R13: The use of hybrid ventilation techniques in pro-
longed weaning cannot be recommended due to insuffi-
cient evidence.

5.3.7. Monitoring
Various methods are available for the assessment of 

respiratory muscle strength and endurance. The mea-

surement of maximal inspiratory and expiratory pres-
sures as well as vital capacity in patients who are breath-
ing spontaneously via an artificial airway requires co-op-
eration from the patient side and is predictive for the time 
required until weaning is successful [299]. Ultrasound of 
the diaphragm is becoming more recognised for its po-
tential in predicting a patient’s readiness to wean (see 
Chapter 5.1.8). In this respect, the mobility of the dia-
phragm in M-Mode [186, 300–304] and the increase the 
diameter of the muscle in the apposition zone of the dia-
phragm [120, 187, 302–307] can be investigated. The cit-
ed studies used various measurement techniques (in ven-
tilated or spontaneously-breathing patients). Generally 
speaking, there is a causal relationship between dia-
phragm function and weaning outcome, although the 
predictive value varies considerably between some stud-
ies [300]. At the same time, the methodology does not 
appear to be feasible for all patients [300, 304]. Magnetic 
stimulation of the phrenic nerve with simultaneous mea-
surement of oesophageal pressure via a catheter serves as 
a particularly laborious and invasive technique [308]. 
Such an examination does not depend on cooperation 
from the patient, but rather on the examiner’s experience. 
Furthermore, this technique is rarely available and not 
applicable to all patients. The comparable measurement 
of oxygen uptake can also serve as an indicator for the 
level of oxygen consumption of the respiratory muscles 
or their degree of unloading [264]. An additional tool for 
assessing respiratory muscle capacity is through the mea-
surement of “neuro-ventilatory effectiveness” [253]. This 
is determined by the use of an electrode attached to a 
NAVA ventilator, and is defined by the ratio of tidal vol-
ume to electrical activity of the diaphragm (Vt/EAdi). 
The cited study on this technique showed that in pro-
longed weaning patients, neuro-ventilatory effectiveness 
differs between failed and successful SBTs, without giving 
a clear cut-off value. 

5.3.8. Weaning Concepts Associated with the Use of 
Various Forms of MV
The goal of the weaning process is to restore the state 

of the respiratory muscles to the point where they can in-
dependently manage the respiratory load. This reduction 
in load is mainly achieved through means of effective 
treatment of the underlying illness or accompanying ill-
nesses that have led to weaning failure. The restoration of 
respiratory muscle capacity is the second important com-
ponent of the weaning process.

Respiratory muscle training or the gradual takeover of 
the work of breathing by the patient can take place by 
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continuously reducing respiratory support in the form of 
assisted ventilation techniques or through intermittent 
periods of spontaneous breathing (completely indepen-
dent breathing without ventilatory support) [309]. These 
processes can also be combined (phases of controlled 
ventilation in alternation with complete rest and phases 
of assisted ventilation) and incorporated into an individ-
ual weaning plan (see Fig. 4).

In principle, inspiratory muscle strength training can 
additionally be carried out during the spontaneous breath-
ing phases [310] in order to regenerate respiratory muscle 
capacity. One positive controlled study exists for this con-
cept, although SIMV was used as the mode of MV [311].

5.3.8.1. Gradual Reduction of Support. Gradual reduc-
tion of support generally occurs in PSV mode. The re-
quired level of pressure is titrated according to clinical 
criteria so that the respiratory rate of the patient ranges 
within an area below 25–30 breaths per minute [35, 275, 
312]. Furthermore, inspiratory pressure support can be 
reduced in a stepwise manner until a level is reached at 
which the artificial airway can be removed (generally < 8 
cm H2O) [85]; subsequent NIV may be necessary (see 
Chapter 5.6). For PSV, it should be noted that an overly-
sensitive expiratory trigger can increase the work of 
breathing. However, in patients with obstructive airway 
diseases, an under-sensitive expiratory trigger can lead to 
the development of an intrinsic PEEP, which negatively 
influences patient-ventilator synchrony [101, 313]. The 
degree of reduction in the work of breathing can differ 
considerably between devices, despite identical ventilator 
settings [314].

5.3.8.2. Automated Adjustment of Assisted Ventilation 
(Automated Weaning). In this computerised closed-loop 
system [315, 316], algorithms are stored that aim to main-
tain specific ventilation parameters via regulation of pres-
sure support (in PSV mode) within a target range (respi-
ratory rate  12–28 breaths/min; Vt > 300 mL, or > 250 mL 
when body weight is < 50 kg and PETCO2 is < 55 mm Hg, 
or 65 mm Hg in COPD patients). In a large study cohort 
of preselected patients, this mode of MV was more often 
capable of maintaining the breathing parameters of the 
patient within the target range compared to cases where 
the standard treatment of PSV was used [315]. In a ran-
domised multicentre study of weaning patients, this au-
tomated weaning mode was compared to a standardised 
weaning protocol with spontaneous breathing phases. 
The authors observed a reduction in weaning time from 
5 to 3 days, and a reduction in the total ventilation time 
from 12 to 7.5 days [316]. At the beginning of the study, 
the patients belonged to Weaning Categories 1 and 2 (see 
Chapter 3), where only 15% of the total number of pa-
tients screened were ultimately included in the study 
[317]. In contrast, Rose et al. [318] could not find any ad-
vantages of the system over the conventional approach 
used by an established weaning centre. Another study of 
Category 1 and 2 patients in which an automated system 
was compared to a weaning protocol reported a reduction 
in the time until extubation (4 vs. 5 days) [319]. The sys-
tem should not be used when patients: (i) have a neuro-
logical condition that influences breathing control [320]; 
(ii) are strongly sedated [321]; (iii) are highly agitated or 
have severe neuropathy or myopathy [320]. Furthermore, 
there appears to be a higher failure rate amongst patients 
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with COPD [321]. A Cochrane analysis of automated 
weaning has become available in the meantime, although 
the studied total ventilation time of 96 hours does not fall 
into the category of prolonged weaning. It was concluded 
that automated systems are advantageous for mixed and 
internal medicine patient groups in Weaning Categories 
1 and 2, but not for surgical patients [322].

One particular study that was not included in the 
aforementioned Cochrane analysis (because it was pub-
lished later) is that by Taniguchi and colleagues [323]. 
The authors discovered that in patients undergoing sim-
ple weaning, an individually-based weaning plan is supe-
rior to an automated system in terms of weaning dura-
tion. When automated weaning was compared to proto-
col-based weaning in Category 1 and 2 patients, weaning 
duration was found to be shorter, although in the proto-
col arm of the study, there were a number of protocol 
violations on > 25% of the study days. 

5.3.9. Intermittent Loading by Disconnecting the 
Ventilator (Spontaneous Breathing) or the Reduction 
of Pressure Support
While the load remains relatively constant during a 

gradual reduction in pressure support, weaning patients 
handle a cyclical load through periods of spontaneous 
breathing, which is akin to that found in endurance train-
ing [324]; this latter process is potentially superior in pro-
longed weaning. 

In contrast to what is described in Chapter 5.1.7, these 
phases of spontaneous breathing are not aimed at distin-
guishing between patients who are eligible for artificial 
airway removal, but rather serve to recondition the respi-
ratory muscles. The length of the spontaneous breathing 
phases therefore tends to strongly exceed the time periods 
of 30/120 min that are described in Chapter 5.1.7 [325]. If 
the spontaneous breathing phases are sufficiently long, in-
vasive MV can be ceased and the artificial airway removed, 
unless further contraindications exist. Subsequent NIV 
may be necessary in some cases (see Chapter 5.4, 5.6 and 
6.6). While the length of the spontaneous breathing phase 
required in this context has not yet been systematically 
investigated for prolonged weaning, published data sug-
gest time periods of up to 18 h [12]. These spontaneous 
breathing phases should be carried out daily. According 
to a study by Liang et al. [326], the use of music during 
these phases reduces heart and respiratory rates, and ex-
tends the duration of the spontaneous breathing phase. 
However, this effect could not be reproduced in a second, 
significantly larger study [327]. If muscle strength does 
not suffice for a conventional spontaneous breathing 

phase following disconnection from the ventilator, cyclic 
loading can be carried out by markedly reducing pressure 
support. Spontaneous breathing phases that each have a 
different degree of pressure support can lead here to alter-
nate loading of the respiratory muscles, or to differing 
training intensity levels [263]. This is where it is important 
to note the patient’s work of breathing is influenced not 
only by the type and size of the tracheal/endotracheal can-
nula [72, 76, 262, 328], but also by the choice of ventilation 
settings as well as the characteristics of the ventilator [329, 
330]. When spontaneous breathing is carried out with in-
spiratory pressure support [35, 331–333], this can only 
take place with a inflated cuff. However, deflating the cuff 
during spontaneous breathing has the advantage of sup-
porting secretion elimination, as well as potentially reduc-
ing the possibility of later complications of the upper air-
ways [328, 334, 335]. During spontaneous breathing, dif-
ferent tracheostoma/tube attachments can be employed 
without pressure support, although their inspiratory and 
expiratory resistance can differ considerably (i.e., influ-
ence the patient’s work of breathing) [336, 337]. Attach-
ments with expiratory resistance (positive expiratory 
pressure, PEP valves or speech valves) may only be used 
with a deflated cuff. 

The use of MV between spontaneous breathing phases 
is aimed at unloading the respiratory muscles. However, 
the level of unloading that produces the best effect is yet 
to be investigated. What the various assisted ventilation 
forms have in common is that a significant proportion of 
the work of breathing is done by the patient, despite the 
mechanical support. The extent of this depends not only 
on the degree of mechanical support and respiratory 
drive, but also on the individual breathing mechanics (re-
sistance and compliance) of the patient [312]. Indeed, 
overloading of the respiratory muscles can lead to struc-
tural damage [338].

5.3.10. Comparison of Different Ventilation 
Approaches and Weaning Concepts
Two large studies have compared the effects of PSV vs. 

SIMV on weaning outcome, and the effect of spontane-
ous breathing on weaning outcome [35, 275]. The major-
ity of patients in both studies were undergoing prolonged 
weaning. Brochard et al. [275] showed a reduction in av-
erage weaning duration with PSV (5.7 days), which was 
significant when compared to the approach using spon-
taneous breathing (8.5 days) and SIMV (9.9 days). In con-
trast, Esteban et al. [35] showed that intermittent sponta-
neous breathing trials that took place once or several 
times daily were associated with a reduction in average 
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weaning time (3 days) when compared to that associated 
with PSV (4 days) or SIMV (5 days). In an additional 
study comparing PSV to unsupported breathing, no su-
periority of either approach was found [292]. In this par-
ticular study, however, patients were ventilated with PSV 
for partial unloading between spontaneous breathing 
phases. Nonetheless, a trend towards a shorter ventilation 
period was observed in the spontaneous breathing group 
(130 vs. 181 h). The disparate findings from the first 2 
studies mentioned above are likely due to the different use 
of weaning methods. In the study by Brochard et al.  [275], 
up to three 2-h spontaneous breathing phases were car-
ried out before extubation. This would have placed a con-
siderable demand on the respiratory muscles and likely 
prolonged the duration of weaning. In contrast, the pa-
tients investigated by Esteban et al. [35] were already ex-
tubated after the first successful 2-h trial.

Patients who required long-term MV (> 21 days) and 
were treated in a long-term care facility (comparable to a 
weaning centre) were able to switch between unassisted 
spontaneous breathing and ACV via a tracheostoma 
more quickly than with PSV after an unsuccessful wean-
ing attempt with intermittent weaning. A difference in 
lethality was not observed at either 6 or 12 months’ post-
weaning [339]. In general, PSV can be used as a weaning 
method, although the approach via spontaneous breath-
ing is potentially superior if the number of daily sponta-
neous breathing phases are initially limited to 1–2 epi-
sodes over a maximum of 2 h, thus protecting the respira-
tory muscles from imminent fatigue. As the weaning 
process progresses, these breathing phases can of course 
be expanded under clinical observation and with blood 
gas monitoring (e.g., hypercapnia can indicate overload-
ing of the respiratory muscles) until transfer to NIV or 
completely unassisted breathing is possible. 

R14: A gradual reduction in assisted ventilation or in-
termittent assisted/non-assisted spontaneous breathing 
phases can each be used in the weaning process. 

R15: The use of SIMV in prolonged weaning is not rec-
ommended, since this mode of ventilation is associated 
with an unacceptably high work of breathing. 

5.3.11. The Role of Continuous Positive Airway 
Pressure in Weaning
The use of continuous positive airway pressure (CPAP) 

does not provide mechanical pressure support; therefore, 
strictly speaking, it is not a form of MV. Nonetheless, it 
does play a certain role in weaning. The use of CPAP con-
ditions the patient for spontaneous breathing and can be 
implemented during the spontaneous breathing trials 

both for examining the patient’s readiness to extubate 
(Chapter 5.1.7) as well as for reconditioning the respira-
tory muscles (Chapter 5.3.9).

CPAP in obstructive lung disease: CPAP increases in-
trathoracic pressure and minimises respiratory effort by 
shifting the load to the expiratory muscles [340]. During 
spontaneous breathing, the work of breathing is lowered 
as the level of CPAP increases [341], with a simultaneous 
reduction in dyspnoea. The use of CPAP therapy in ob-
structive lung disease can be worthwhile, since CPAP 
takes over the mechanism of the pursed lip-breathing 
technique that is otherwise deactivated by the artificial 
airway. This also leads to a reduction in trigger-associated 
work of breathing [342]. Application of CPAP can also 
reduce intrinsic PEEP in obstructive lung diseases, where-
by the length of the SBT is significantly prolonged [343, 
344].

CPAP prior to scheduled extubation: CPAP reduces the 
RSBI during an SBT [174]. Despite this it appears that 
pressure support during these SBTs does not have any 
influence on the failure rate following extubation (see 
Chapter 5.1.7) [174, 184, 185].

CPAP in atelectasis: CPAP was already implemented 
very early on for use in patients who had undergone ab-
dominal surgery [345]. The use of CPAP therapy during 
this phase significantly reduces the risk of atelectasis and 
pneumonia and thereby lowers the rate of reintubation 
[346].

CPAP in cardiac failure: CPAP has a positive effect on 
pre- and after-loading of the left ventricle, so that spon-
taneous breathing can only be made possible with CPAP, 
particularly in the case of left-sided heart failure [84]. 

In general, the use of CPAP is possible for recondition-
ing the respiratory muscles during SBTs. One study pro-
vides a specific pressure range of up to 5 cm H2O [35]. 
Given that there are advantages associated with deflating 
the tube/tracheostoma cuff during the spontaneous 
breathing phase [328, 334, 335] in prolonged weaning, 
the use of CPAP during this period is excluded.

5.4. The Ventilation Interface
There is a characteristic range of indications, as well as 

specific advantages and disadvantages, associated with 
invasive MV with an endotracheal tube or a tracheal can-
nula versus NIV with various masks (Table 11).

5.4.1. NIV Interfaces
The advantages and disadvantages of various ventila-

tion interfaces in NIV are presented in Table 12. Further 
detailed explanations on NIV interfaces can be found in 
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the corresponding sections of the S3 Guideline “Non-in-
vasive Ventilation in Acute Respiratory Failure” [16].

5.4.2. Invasive Ventilation Interfaces
5.4.2.1. Endotracheal Tube. Endotracheal tubes are al-

most always used as the primary invasive orotracheal 
ventilation interface in intensive care medicine. In pro-
longed weaning, however, they carry a number of disad-

vantages when compared to tracheal cannula and NIV 
(Table 11). Similar to the situation with tracheal cannula, 
deflating the endotracheal tube during spontaneous 
breathing phases can lead to a further decrease in the 
work of breathing; however, the lack of protection against 
aspiration makes it problematic [358].

Subglottic accumulation of oropharyngeal secre-
tions can occur above the cuff, and move from there 
into the deeper airways; this especially holds true in pa-
tients with a pre-existing swallowing disorder. Some of 
the newer varieties of endotracheal tubes and tracheal 
cannula offer the possibility of suctioning subglottic se-
cretions. In 2013 the Hospital Hygiene and Infection 
Prevention Commission from the Robert Koch Insti-
tute (KRINKO) recommends the use of subglottic suc-
tioning when the duration of invasive MV is expected 
to exceed 72 h, in order to avoid ventilator (or tube)-
associated pneumonia (VAP) [359]; however, the evi-
dence for this is weak. Although the results of 2 meta-
analyses that were carried out in 2016 on patients with 
translaryngeal intubation did indeed demonstrate a 
comparably low VAP rate, the use of subglottic suction-
ing did not have any effect on the duration of MV, the 
length of ICU and hospital stays, or mortality [360, 
361]. Moreover, the patients analysed in these meta-
analyses were not primarily those undergoing pro-

Table 12. Advantages and disadvantages of NIV interfaces: + ad-
vantage; 0 neutral; – disadvantage [16]

Facet Nasal 
mask

Full-face 
mask

Helmet

Mouth leakage – + +
Volume monitoring – + –
Initial response of blood gases 0 + 0
Speech + – –
Expectoration + – –
Aspiration risk + 0 +
Aerophagy + 0 0
Claustrophobia + 0 0
Dead space (compressible volume) + 0 –
Noise and irritation to hearing + + –
Duration of use 0 0 +

Table 11. Advantages and disadvantages of airway interfaces (modified according to [16])

Translaryngeal 
endotracheal tube*

Tracheotomy Non-invasive airway interface

Advantages Reduced rate of aspiration 
No leakage
Suction and respiratory toilet possible
Simple and extensive monitoring possible
Maintenance of airway patency 
Constant pressure
High ventilation pressure possible 
No spontaneous breathing/defensive 
reflex necessary

See Translaryngeal endotracheal tube* - plus: 
Reductions in dead space, airway resistance 
and work of breathing
Improved patient comfort
Reduced/no sedation
Maintenance of glottis function with the 
reduced risk of aspiration
Transfer from the ICU to a specialised 
ward possible

No damage to airways
No or only minimal sedation required
Intermittent use possible
Maintenance of ability to communicate
Maintenance of cough clearance
Oral food intake

Disadvantages Tube-associated infections 
Reduced secretion and cough clearance
Deep sedation necessary 
Increased resistive work of breathing
Damage to the upper airways, vocal cords 
and larynx 
Unplanned extubation
Tube malposition 
No oral food intake
Sinusitis (nasal tube)
Scar formation

Early complications
Local wound infections
Reduced cough clearance (less pronounced as 
in endotracheal tube patients)
Problems with communication 
Complications from invasive procedure
Late complications
Tracheal scar strictures or granulation tissue

Leakage with the loss of PEEP
Risk of aspiration
Limited monitoring of applied breath 
volume 
Insufficient effectivity from reduced 
compliance
Local complications (pressure sores, 
conjunctivitis, aerophagy)

Cited literature: [24, 25, 71, 347–357].

https://www.thieme-connect.de/products/ejournals/html/10.1055/a-1010-8764#JR006-16
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longed weaning. Therefore, at this stage no general rec-
ommendation for the use of endotracheal tubes with 
subglottic suctioning can be made for patients under-
going (expected) prolonged weaning (Chapter 5.4.3).

Since the value of other preventative measures for re-
ducing the incidence of tube-associated pneumonia (e.g., 
selective oral/supraglottic decontamination and antisep-
tically impregnated tubes to reduce biofilm formation) is 
not generally applicable to the prolonged weaning set-
ting, it is currently not possible to provide a correspond-
ing recommendation.

R16: To reduce tube-associated respiratory effort, the 
use of a tube with the largest possible lumen is recom-
mended for patients receiving prolonged ventilation.

5.4.2.2. Tracheotomy. To minimise the complications 
associated with the use of an endotracheal tube during 
long-term ventilation, and to facilitate weaning the pa-
tient from invasive MV [362] (Table 11), a tracheotomy 
with a change-over to a tracheal cannula as the ventilation 
interface can be considered if a longer period of invasive 
MV is needed without the option for early extubation 
with subsequent NIV (Table 11). This corresponds to 
global routine practice in intensive care medicine, where 
most ventilated patients are tracheotomised only after 
more than 10 days of invasive MV [363–365]. Besides the 
avoidance of (endotracheal) tube-associated side-effects, 
the creation of a tracheostoma allows the extension of in-
termittent SBTs during wakefulness [35], which occupy 
up to 50% of the entire ventilation time [6]. In addition, 
every orotracheal reintubation that follows a failed extu-
bation is linked to an increased risk of both morbidity and 
mortality [20].

Most of the tracheostomata that are subjectively well 
tolerated enable a low level of sedation that aims for an 
alert and co-operative patient, which in turn eases the in-
termittent spontaneous breathing phases, without having 
to renounce on a secure access to the airways. 

Additional pathophysiological advantages of the tra-
cheal tube over the translaryngeal tube arise from reduc-
tions in dead space volume, airway resistance, as well as 
the work of breathing associated with these changes [71, 
72, 349, 366]. Furthermore, the reduced need for sedation 
leads to an improved capability for mobilisation and 
communication, as well as easier mouth, throat and tra-
cheal care and earlier enteric or even oral alimentation 
[347, 367, 368].

The above-mentioned advantages are offset by the 
short-term complications associated with tracheotomy, 
such as bleeding and local infection risk [369, 370]. The 
lethality risk associated with tracheotomy is difficult to 

estimate due to an assumed number of unreported cases; 
however, according to 2 systematic reviews of significant 
magnitude, this risk ranges from 1: 600 to 1: 300 [371, 
372]. Symptomatic tracheal stenoses that occur after per-
cutaneous or surgical tracheotomies and have an inci-
dence of 0.6–2.6% have been identified as a long-term 
complication [373]. Swallowing disorders have also been 
described as a short- and long-term complication of tra-
cheotomy [374, 375] (see Chapter 5.6.1.5).

On the other hand, prolonged translaryngeal intuba-
tion also leads to an increased risk of laryngeal and tra-
cheal damage [357] as well as a higher infection risk for 
the lower airways [376]. An increased mortality rate has 
also been linked to extubation failure [20], where an in-
creased number of unreported cases can also be assumed 
here.

5.4.2.2.1. Tracheotomy Techniques. In addition to sur-
gical tracheotomy (ST), various percutaneous dilatation-
al procedures have been established over the last 30 years, 
and can be performed at the bedside by intensive care 
specialists [377–379]. Until now, there are no stan-
dardised general recommendations for a specific method. 
The percentage of surgical tracheotomies performed in 
intensive care medicine is around 33–50% and mainly as-
sociated with neurological diseases [380, 381].

Compared to earlier comparative complication analy-
ses between open surgical and percutaneous dilatational 
tracheotomy (PDT), newer studies generally describe 
fewer complications for PDT [382–386]. When com-
pared to surgical tracheotomy, PDT is associated with 
fewer wound infections and bleeding complications, as 
well as reduced scar formation. Further advantages of 
PDT are the shorter time in surgery and the lower costs 
[382]. Surgical tracheotomy has fewer complications in 
terms of de/recannulation, as well as fewer obstructions 
of the tracheal cannula.

Accidental dislocation and scheduled tube exchange 
should absolutely be avoided in the first 7–10 days of 
PDT, since an attempt at recannulation due to uvular de-
viation (the so-called “backstop phenomenon”) can lead 
to paratracheal cannula malpositioning (“via falsa”) and 
subsequent loss of the artificial airway, with life-threaten-
ing consequences. For this reason, a difficult airway is a 
contraindication for PDT and an indication for surgical 
tracheotomy.

5.4.2.2.2. Percutaneous Dilatational Tracheotomy 
(PDT). Minimally invasive techniques have prevailed in 
the meantime over the surgically formed tracheostoma 
[384]. Currently there are 6 different methods for PDT, 
which are presented in Table 13.
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Even though the one-step dilatation technique is the 
most frequently used method in Germany, and 2 meta-
analyses showed that it has slight advantages over other 
techniques [383, 394], the currently available data do not 
allow a general recommendation to be made.

Since the beginning of the 1990s, video-bronchoscop-
ic control of PDT has been required, irrespective of the 
technique used [395–397]. However, even with this form 
of monitoring, complications cannot be completely 
avoided. One study described bronchoscopic-induced 
obstruction of the respiratory tract, which was accompa-
nied by increased auto-PEEP, air-trapping, and high ven-
tilation pressures as well as hypercapnia and hypoxemia 
[398]. Furthermore, airway stenosis and needle perfora-
tion of the bronchoscope are also possible and require 
particular caution [371, 399, 400].

Since the first description of ultrasound-guided PDT 
in 1999 [401], additional publications followed, which 
were summarised in a review by Alansari et al. [402]. Ul-
trasound was described here as an alternative method to 
bronchoscopy. Together with the results of an RCT by 
Gobatta et al. [403], this analysis showed that as a means 
of establishing a PDT, ultrasound is equivalent to bron-
choscopy in terms of its effectiveness and safety. Several 
groups such as Sangwan et al. [404] have also described 
modified techniques that use both of these imaging meth-
ods.

In Germany, bronchoscopy-guided PDT is deemed to 
be the gold standard in clinical practice, while ultrasound-
guided PDT represents the exception. By enabling the ex-
aminer to visualise the procedure, video-bronchoscopy 
offers more security than a simple bronchoscopy [405, 
406]. A routine preliminary ultrasound examination of 

the neck for site localisation and exclusion of a larger pre-
tracheal blood vessel also appears to be clinically useful.

Due to a high shrinkage tendency, dilatative tracheos-
tomata that have been created by a minimally invasive 
technique frequently close within a short time following 
removal of the tracheal cannula, which is desired in most 
cases. If there is uncertainty about the success of decan-
nulation, a tracheostomy retainer can be inserted into the 
tracheostoma to prevent its premature closure; this also 
serves to support secretion management and ensure ef-
fective NIV (see Chapter 5.4.5).

A PDT can be quite stable, especially if it exists for a 
longer period, and can then also be utilised as a long-term 
ventilation interface in the home ventilation setting. A 
tracheostoma is deemed clinically stable when the trache-
al cannula can easily and safely be exchanged without air-
way obstruction or the tendency to collapse. There are 
currently no studies that allow a temporal definition. De-
spite the obvious advantages of tracheotomy, around 40% 
of all patients who are ventilated via tracheal cannula de-
velop dysphagia, even in the absence of an underlying 
neurological disorder. This, in turn, prolongs ventilation 
time or the decannulation process, and subsequently ex-
tends the weaning process [374].

R17: Due to its tendency to shrink, PDT is recom-
mended mainly for patients with a high chance of wean-
ing success.

5.4.2.2.3. Surgical Tracheotomy. The surgical approach 
essentially consists of an alternative between non-plastic 
tracheotomy and a plastic, epithelialised tracheostoma 
[407, 408]. Non-epithelialised tracheostomata should be 
avoided in surgical tracheotomy, due to a higher risk of 
stenosis development. A primarily epithelialised trache-

Table 13. Currently available methods for PDT [387–393]

Year Author Method description

1985 Ciaglia Applying bougienage with synthetic dilators of increasing diameter via a Seldinger 
guidewire (multiple dilatation tracheotomy, MDT)

1989
1990

Schachner
Griggs

Dilatation with guide wire dilatation forceps (GWDF)

1997 Fantoni Retrograde dilatation and insertion of the tracheal cannula using a turning manoeuvre 
(translaryngeal tracheotomy, TLT)

2000 Byhahn Cone-shaped one-step dilator (Blue RhinoTM, single-step dilatation tracheotomy, 
SSDT)

2002 Frova Self-tapping screw dilator (PercuTwistTM, rotational dilatation tracheotomy, RDT)

2005 Zgoda Dilatation balloon (Blue DolphinTM, balloon dilatation tracheotomy, BDT)

https://www.thieme-connect.de/products/ejournals/html/10.1055/a-1010-8764#JR006-388
https://www.thieme-connect.de/products/ejournals/html/10.1055/a-1010-8764#JR006-394
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ostoma (e.g. Bjork flap [409], or vertical incision with su-
turing along the edge of the skin incision) should be im-
planted instead. 

If unsuccessful weaning leads to prolonged invasive 
MV that will take place in a home environment or nurs-
ing facility, a stable tracheostoma created surgically or 
dilatatively is required for safe management of the can-
nula. For more information on this topic, please refer to 
the corresponding guidelines on the indication, organ-
isation, and implementation of HMV [3].

5.4.2.2.4. When to Perform a Tracheotomy. The opti-
mal timepoint to perform a tracheotomy remains contro-
versial. It has long been standard clinical practice to tra-
cheotomise patients on prolonged MV no earlier than 
10–14 days of ventilation, if not longer [410]. The time 
period between intubation and tracheotomy has become 
shorter in the meantime, particularly because of the in-
creased prevalence of PDT [365] [411–415].There is indi-
rect evidence in the literature that a tracheotomy should 
be performed no later than 14–21 days after invasive ven-
tilation onset [362, 416, 417], since an even later time 
point is associated with an increased mortality rate. Al-
though the literature does distinguish between so-called 
early and late tracheotomies, a uniform temporal defini-
tion is lacking. In the corresponding studies, early trache-
otomy was defined as that occurring within 7 days of in-
tubation, while late tracheotomy was considered to occur 
8–10 days after intubation. In this guideline, early trache-
otomy is defined as being carried out on post-intubation 
day 4–8. 

In the three largest, highest-quality randomised stud-
ies, early tracheotomy was performed within 4 days [418, 
419] or 6–8 days after intubation [420]. None of these 
studies, which had a total number of 1,667 patients, 
showed any short- or long-term survival benefits at either 
of these 2 time points in a mixed patient population. In 
the largest tracheotomy study so far (Young et al. [419]), 
only 44% of patients in the late tracheotomy group were 
tracheotomised de facto. 

Numerous meta-analyses of tracheotomy timing 
have produced highly heterogenous findings based on 
different patient populations [421–428]. Two meta-
analyses published in 2015 yielded controversial results 
regarding long-term mortality [429, 430]. Whereas the 
meta-analysis of Hosokawa et al. [430] of 12 RCTs with 
a total of 2,689 patients demonstrated significant ad-
vantages of early tracheotomy in terms of ventilation-
free days, duration of intensive care therapy and seda-
tion, and the 2-month mortality rate, the meta-analysis 
by Siempos et al. [429] concluded that early tracheoto-

my had a significantly favourable influence on the dura-
tion of ventilation only, and did not affect the 3-month 
or 1-year mortality rates.

Despite the evidence that a tracheotomy can poten-
tially shorten ventilation time or prevent prolonged 
weaning, it is currently not possible to provide a recom-
mendation for routine early tracheotomy due to inconsis-
tent findings of a clear overall clinical benefit, the poten-
tial tracheotomy-associated complications, and the dan-
ger of over-treatment. Therefore, the anticipation of 
prolonged weaning is not associated with a compelling 
indication for (early) tracheotomy at this point in time. 
Accordingly, there is a need for further research on the 
optimal time point for tracheotomy in special sub-groups 
at high risk of prolonged weaning. The decision about the 
timing of a tracheotomy thus remains to be made on an 
individual basis. Moreover, after 4–7 days of invasive ven-
tilation, it should always be critically assessed how high 
the probability of prolonged weaning is, and whether ex-
tubation with subsequent NIV is a possible alternative 
(see flowchart in [Fig. 5]).

Check for option of
tracheotomy at an early stage

(4–7 days post-intubation)

Use NIV to avoid
tracheotomy 

Surgical tracheostomy
Percutaneous dilatational

tracheotomy if no
contraindications exist

Endotracheally intubated patient at high risk
of requiring prolonged weaning or long-term

ventilation

Is there a high risk of long-term
dependency on invasive
mechanical ventilation ?

Capacity for
NIV evident?

No

Yes

NoYes

Fig. 5. Algorithm outlining the tracheotomy procedure with previ-
ous examination of NIV capability.
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R18: A stable tracheostoma is recommended for long-
term home invasive ventilation. 

5.4.3. Management of Tracheal Cannula
After a PDT has been created, tracheal cannula should 

neither be changed nor removed before post-operative 
days 7–10, due to the initial instability of the entry point 
and potential bleeding complications. If dislocation of the 
tracheal tube unexpectedly occurs before this period, ac-
cess to the orotracheal airway should be favoured in an 
emergency, and, if required a bleeding tamponade of the 
tracheostomy should be performed. If necessary, the tra-
cheostoma can be recannulated in 2 stages after securing 
the orotracheal airway, and a new tracheal cannula can be 
positioned. 

While selected tracheal cannula with subglottic suc-
tioning are available [431], there is currently a lack of clin-
ical studies that demonstrate their clinically-relevant ad-
vantages in prolonged weaning patients. Due to the vary-
ing anatomy of patients who are ventilated via a 
tracheostoma, an individualised tracheal cannula selec-
tion that goes beyond the function of subglottic suction-
ing is always required to ensure optimal cannula posi-
tioning and hence the prevention of long-term tracheal 
complications such as granulation tissue or bleeding from 
endotracheal suctioning. As already discussed for endo-
tracheal tubes in Chapter 5.4.2.1, and based on the evi-
dence available for patients in prolonged weaning, no 
general recommendation for the use of tracheal cannula 
with subglottal suctioning can be given at present. 

The accumulation of secretions on the inner wall of the 
tracheal cannula cannot be predicted with certainty and 
leads to an increase in airway resistance, that is, addition-

al respiratory effort during spontaneous breathing [366]. 
The tube must therefore be continuously visually moni-
tored and either cleaned or replaced. If necessary, a tra-
cheal cannula with an easy-to-clean inner cannula can be 
used, taking into account the potential increase in the 
work of breathing due do the smaller inner lumen. Fenes-
trated tubes are useful for supporting existing speaking 
function, because when correctly positioned in the tra-
chea, they not only allow air to pass by the cannula, but 
also to escape through the fenestrations in the direction 
of the larynx, thereby enabling or facilitating speech. The 
newly developed Blom® tracheotomy cannula is fenes-
trated, equipped with a cuff, and enables speaking due to 
specially-configured pressure and flap valves, even when 
the cannula is blocked [432]. During the inspiratory phase 
of the ventilator, the flap valve opens while the pressure 
valve simultaneously closes, thus closing the phonation 
port of the cannula and enabling effective ventilation. 
During the expiration phase, the flap valve closes and the 
pressure valve collapses, releasing the phonation window 
and enabling speech under ventilation. In a study com-
paring a tracheal tube with a Blom® valve, a tracheal can-
nula without an inner cannula, and a Passy-Muir® one-
way tracheotomy cannula speaking valve, no differences 
in the risk of aspiration was found between the 3 versions 
[432]. Another study on verbal communication in trache-
otomised patients also showed no significant advantages 
of the Blom® tube compared to the Passy-Muir® one-way 
tracheotomy tube speaking valve [433].

In principle, there are various ways of promoting 
speech function in tracheotomised patients undergoing 
prolonged weaning, whether they be mechanically venti-
lated or spontaneously breathing patients. These options 
are presented in Table 14. Deflation of the cuff always re-
quires that there is no strong tendency for aspiration. 

When using speaking valves in the weaning process, 
the effects on the work of breathing must be considered, 
which can differ by a factor of 4, depending on the type of 
speaking value used [435]. Sub-optimal conditioning of 
the inhaled air should also be taken into account in the 
presence of secretion problems. Possible solutions to this 
could be the combined use of an HME filter and speaking 
valve (since the humidification function does not operate 
during speaking), as well as limiting the duration of 
speaking valve use, with a subsequent change to an HME 
filter [436]. 

As long as there is no risk of aspiration, the tracheal 
cannula can be deflated during spontaneous breathing to 
reduce the work of breathing [358]. Furthermore, a de-
flated tracheal cannula facilitates verbal communication 

Table 14. Options for improving speaking capacity in tracheot-
omised patients

a Under active MV
– Deflation of the tube while adjusting the ventilation parameters 

to ensure sufficient ventilation with an unblocked tube
– Use of an in-line speaking valve (e.g., Passy-Muir® valve) with a 

deflated cuff only
– Use of a BlomTMtube
– Increasing the positive end-expiratory pressure (PEEP) [434]

b Under spontaneous breathing
– Sealing the opening of a deflated tube with a gloved finger
– Use of a speaking valve (one-way valve) with a deflated tube, 

taking contraindications into consideration (Caution: over-
inflation); if needed, with supplementary oxygen insufflation 
through a special inlet on the speaking valve
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in the weaning process, which is important from a psy-
chological perspective. 

The effect of coughing and the associated bronchial se-
cretion clearance can also be improved by deflating the 
tracheal cannula. If the clinical status of the patient allows 
for the tracheal cannula to be removed during spontane-
ous breathing, with simultaneous sealing of the tracheos-
toma the effectiveness of coughing can be further in-
creased compared to that with a deflated tracheal cannula. 

Speech therapy plays a central role in the assessment 
and improvement of speaking and swallowing function 
in tracheal cannula and secretion management. Where 
possible, consultation with an expert in speech therapy 
should be incorporated into this treatment process right 
up until the point of decannulation (Fig. 6).

R19: Provided there is no tendency for aspiration, de-
flating the tracheal cannula during spontaneous breath-
ing phases is recommended to reduce the work of breath-
ing and improve speaking function 

5.4.4. Decannulation
The following conditions are required for definitive 

decannulation:
•	 Clinical stability
•	 Sufficient spontaneous breathing ability, or NIV com-

pliance, respectively 
•	 Lack of significant dysphagia or aspiration tendency 
•	 Sufficient cough or non-invasive secretion manage-

ment 
•	 Cooperative patient (e.g., no delirium)
•	 Exclusion of an obstruction in the area of the glottis/

larynx/trachea 
•	 Positive cuff-leak test, if necessary (compare to Chap-

ter 5.1.10)
No consistent consensus exists regarding the method-

ology for decannulation and the transition to spontane-
ous breathing or NIV. Without being able to derive gen-
erally-applicable recommendations, a survey revealed 
that unless there is spontaneous regression of the trache-

     Can cannula be removed? 

        High risk of
post-extubation failure?

Effective cough,
effective NIV (if necessary)?

No

Yes

Yes

Yes

Spontaneous closure after
approx. 21 days?

Yes

Conversion to epithelialised
 tracheostoma, if necessary

No

No

No

Closure of tracheostomy

Provision of permanent cannulation

No further action
necessary

Consider surgical closure
of tracheostoma

Logopaedic examination for  detection of relevant swallowing disorder

Patient initially
weaned successfully

Remove cannula

    Use tracheostomy retainer
for several days

Remove tracheostomy retainer 

Fig. 6. Algorithm for definitive decannulation.
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ostoma after removal of the tube, either a tracheostomy 
retainer or tracheal cannula with decreasing diameters 
are used [437].

5.4.5. The use of Tracheostomy Retainers
If there are concerns about performing decannulation 

in patients already weaned from the ventilator, or there is 
evidence of respiratory insufficiency with either a tempo-
rary or persistent indication for NIV (see Chapter 5.5.1), 
there is the option of keeping the tracheostoma patent for 
a few days of spontaneous breathing with the aid of a tra-
cheostomy retainer [328, 438], a button, or a very thin-
calibre tracheal cannula (also see “Mini-tracheotomy” in 
Chapter 5.6.1.4; Fig. 6). Besides the correctly-inserted tra-
cheostomy retainer allowing the additional suction of se-
cretion, it also means that the tracheostoma canal re-
mains open to recannulation if invasive MV becomes 
necessary again. Following application of a closure de-
vice, an endoscopic inspection of its position is useful for 
the early detection of complications (i.e., stenosis, tra-
cheomalacia, edema, protrusion of the device into the tra-
chea). In patients in the advanced stages of weaning who 
have a stable tracheostoma and no significant swallowing 
disorder, alternating between a tracheostomy retainer 
during the day and the insertion of a tracheal cannula at 
night for invasive ventilation can be considered on a case-
to-case basis, when short-term MV is foreseeable due to 
NIV intolerance.

Regardless of the decannulation technique used, fol-
lowing closure of the tracheostoma, upper airway resis-
tance and the work of breathing can both decrease and 
increase depending on the anatomical conditions. Local 
complications at the tracheostoma opening (e.g. ruptured 
cartilage rings or granulation tissue), and edema in the 
region of the larynx can particularly lead to decannula-
tion failure [328].

R20: In the case of uncertainty about the success of 
decannulation, the use of a tracheostomy retainer is sug-
gested to enable recannulation of the tracheostoma.

5.4.6. Closure of the Tracheostoma
5.4.6.1. Spontaneous Closure. After tracheotomised 

patients have been weaned from the ventilator and spon-
taneous breathing (or NIV in the case of chronic respira-
tory failure) is verified, the tracheal cannula or tracheos-
tomy retainer can be removed. PDTs close completely 
within a short period of time (generally without the need 
for further intervention). Primary-epithelialised trache-
ostomata that are surgically inserted often require plastic 
surgical closure. 

5.4.6.2. Surgical Closure/Plastic Wound Closure. If the 
tracheostoma does not shrink within 14 days of tube re-
moval, a bronchoscopic examination of the larynx and 
trachea is required to rule out subglottic stenosis as the 
cause of the delayed or absent closure. Closure of the tra-
cheostoma by means of plastic surgery can be considered 
after a period of around 21 days in cases where an insuf-
ficient level of shrinkage leads to ineffective cough and 
impaired speech formation. Whether NIV is paused for a 
few days after tracheostoma closure to prevent complica-
tions such as wound dehiscence or mediastinal/skin em-
physema is dependent both on the patient’s clinical status 
and ventilatory situation, and is hence an individual deci-
sion. An algorithm for definitive decannulation is pre-
sented in Figure 6. When dysphagia is suspected or al-
ready present, please refer to the corresponding section 
on “Management of dysphagia” (Chapter 5.6.1.5).

R21: If the tracheostoma does not shrink 2–3 weeks 
after tube removal, plastic surgery can be considered as a 
means of closure if underlying complications have been 
ruled out. 

5.4.7. Complications following Decannulation
The development of tracheal stenosis after long-term 

intubation or tracheotomy is a complication with an ex-
pected occurrence of approximately 10–20% of clinically 
relevant stenoses (> 20% lumen constriction) [416]. This 
can either be a fixed, scarring type of stenosis, or tracheal 
instability due to tracheomalacia. Endoscopic examina-
tion also frequently identifies so-called complex stenoses. 
Such stenoses are not uncommonly the cause of weaning 
failure or the need for recannulation. Pre-existing but 
clinically-asymptomatic stenoses of the trachea, such as 
those due to intrathoracic goitre, can additionally become 
a problem of their own during the weaning process.

Performing a spirometry test in cooperative patients 
(at the bedside with a pocket spirometer, if necessary) can 
be helpful for assessing the stenosis and monitoring its 
progression. 

5.4.8. Bronchoscopic Monitoring After 
Decannulation
Tracheal damage after tracheotomy is not a rare event. 

Cartilage ring fractures, the development of tracheoma-
lacia/tracheal stenosis, or swelling in the region of the lar-
ynx can all impede or prevent successful decannulation 
and affect subsequent steps such as the transition to NIV. 
The latter may be caused by tracheostomata that are too 
highly placed, especially when a dilatative tracheotomy is 
performed without careful bronchoscopic identification 
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of the correct puncture site under the 1st, or preferably 
2nd, tracheal ring. The first test for an existing tracheal 
stenosis that can be performed after tracheal cannula re-
moval is to seal the tracheostoma with a gloved finger: if 
stridor occurs then bronchoscopic examination of the 
trachea should take place before definitive removal of the 
cannula. Here, translaryngeal access is superior to the tra-
cheostoma and hence advantageous for judging the la-
ryngotracheal junction. To determine the associated pa-
thology, the ensuing approach should be discussed on a 
case-by-case basis amongst intensive care specialists, tho-
racic surgeons and interventional respiratory physicians, 
taking into account the underlying and accompanying ill-
nesses, as well as the patient’s prognosis. 

There are no noteworthy studies available that address 
the question of whether a routine bronchoscopy is indi-
cated before or directly after decannulation. However, 
this guideline draws on expert opinion to recommend the 
use of endoscopy after decannulation (see below).

A follow-up bronchoscopy is absolutely essential if 
spontaneous closure of the tracheostoma is not complet-
ed by post-decannulation day 14. In this instance, tra-
cheal stenosis may have developed above the tracheos-
toma, which prevents spontaneous closure by increasing 
distal airway pressure with subsequent air leakage through 
the tracheostoma. 

E22: An endoscopic control examination is recom-
mended after the insertion of a tracheostomy retainer. 

E23: Following decannulation, an endoscopic exami-
nation is recommended to ascertain the potential exis-
tence of a tracheal stenosis (even when not suspected). 

5.5. NIV and High-Flow-Oxygen Administration in 
Difficult-to-Wean Patients and the Post-Extubation 
Phase
The topic of “NIV in difficult-to-wean patients and the 

post-extubation phase” is discussed in the corresponding 
section of the S3 Guideline, “Non-invasive Mechanical 
Ventilation in Acute Respiratory Failure” [16]. It should 
be mentioned, however, that this particular guideline re-
lates to the use of NIV after one to several days of invasive 
MV (i.e., Group 2 corresponds to the definition by the 
International Consensus Conference [17]). Nonetheless, 
based on clinical experience, the recommendations can 
essentially be applied by analogy to a prolonged weaning 
situation. Since no high-quality scientific studies on the 
role of NIV in the prolonged weaning process exist, the 
recommendations expressed in the current guideline are 
based on expert clinical experience. 

5.5.1. Criteria for NIV Capacity during the Weaning 
Process
In the context of weaning prediction, the classic extu-

bation criteria are generally used in addition to clinical 
assessment to estimate the ability of ventilated patients to 
adequately breathe spontaneously after extubation [175] 
(see Table 5 in Chapter 5.1.1).

These conventional predictors of weaning are at best 
useful as a guide for implementing NIV following inva-
sive ventilation, because MV has to be continued due to 
ongoing respiratory insufficiency, and the only aspect 
that changes is the ventilation interface. An additional 
important prerequisite for NIV capacity subsequent to 
invasive MV is the ability of the patient to cooperate.

If it is considered to continue MV in the form of NIV 
directly after extubation, it is critical to check first wheth-
er the most important requirements for this are in place. 
The following conditions should be noted as absolute 
contraindications for the use of NIV [16]:
•	 lack of spontaneous breathing, presence of gasping
•	 fixed or functional displacement of the airways 
•	 gastrointestinal bleeding or bowel obstruction 
•	 dysphagia-related risk of aspiration 

5.5.1.1. The Use of NIV following Hypercapnic Acute 
Respiratory Failure (ARF). If the NIV capacity of a pa-
tient is granted after invasive long-term MV, patients 
with hypercapnic chronic respiratory failure (CRF; e.g. 
after the exacerbation of severe COPD) should be extu-
bated or decannulated in tracheotomy patient cases and 
transferred to NIV. However, based on the clinical situ-
ation, it should be foreseeable that no indication exists 
for obligatory ventilation that has a daily NIV require-
ment of > 12 hours (up to 16 hours in individual cases). 
A high dependency on daily NIV would lead to a mark-
edly restricted quality of life. In this context, it is neces-
sary to clarify with the patient what his/her daily living 
situation is and what sort of demands exist from his/her 
side for the continuation of invasive or non-invasive MV. 
For a discussion of the ethics associated with this topic, 
please see Chapter 7.

Besides improving the weaning success rate and re-
ducing the rates of mortality, reintubation, tracheotomy 
and complications following invasive ventilation [28, 
439–441], NIV has also been successfully implemented in 
difficult-to-wean patients with neuromuscular diseases 
[442, 443] and diaphragmatic paralysis [444].

R24: If NIV capacity is granted after long-term inva-
sive ventilation, extubation/decannulation and transfer 
to NIV is suggested for patients with hypercapnic ARF, if 
the clinical situation makes it foreseeable that no indica-
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tion for continuous, long-term ventilatory dependency 
exists. 

5.5.1.2. The Use of NIV following Hypoxemic Acute Re-
spiratory Failure (ARF). Analogous to the recommenda-
tions for NIV in ARF [16], NIV cannot be generally rec-
ommended for patients with hypoxemic acute respirato-
ry failure who are undergoing prolonged weaning. 

5.5.1.3. The Use of NIV in CRF following Weaning from 
Long-Term Invasive MV. In patients with advanced CRF 
– that is, those with signs of ongoing hypercapnia during 
continuous spontaneous breathing – it is necessary to 
check whether HMV is indicated once successful wean-
ing has been confirmed. According to the definition es-
tablished in Chapter 3, this corresponds to patients in 
Group 3b. Even though the data on this subject have so 
far relied on observational studies, up to 30% of success-
fully-weaned patients continue to be effectively provided 
with NIV in the home environment [12, 445]. In view of 
2 studies, one of which reported that NIV treatment led 
to a reduction in re-hospitalisation of COPD patients 
with persistent hypercapnia following an acute exacerba-
tion [446], and another that showed reduced mortality in 
chronic hypercapnic COPD patients treated with NIV 
(German Multicentre Study, [447]), there is now a clear 
indication for the use of NIV in hypercapnic COPD pa-
tients after prolonged weaning. According to the indica-
tions outlined in the S2 Guideline “Non-Invasive and In-
vasive Home Mechanical Ventilation for Treatment of 
Chronic Respiratory Failure – Update 2017” [3], other 
disease groups that benefit from HMV after prolonged 
weaning are obesity hypoventilation syndrome, thoracic 
restrictive diseases and neuromuscular diseases with 
symptomatic hypercapnia. 

E25: If CRF persists after extubation/decannulation, 
home MV is suggested, even after successful weaning has 
officially been established. 

5.5.2. High-Flow Oxygen for the Prevention of  
Post-Extubation Failure and Its Use in Weaning 
Oxygen therapy has been mainly used thus far for the 

treatment of ARF and CRF, but is also used for treating 
patients with shock, sepsis, trauma or heart failure. 

Different means of oxygen administration have long 
been available to spontaneously-breathing patients with 
acute pulmonary failure.

Over the last few years, high-flow oxygen administra-
tion via a nasal cannula has been used as an alternative to 
either NIV or low-flow oxygen therapy via a face mask 
[448]. This type of application delivers warmed, humidi-
fied oxygen via a nasal cannula, with flow rates of 40–60 

litres per minute, and is subjectively well tolerated by pa-
tients. 

On one hand, high-flow oxygen administration gener-
ates a certain positive end-expiratory pressure, whilst on 
the other, the work of breathing is reduced through wash-
out of CO2 and the associated reduction in dead space 
[448–450]. The reduction in the work of breathing by 
means of CO2 wash-out and a subsequent reduction in 
dead space has already been demonstrated in earlier stud-
ies of the transtracheal administration of oxygen [451–
453].

An apparent connection exists between dead space 
and prognosis in hypoxemic ARF. This was demonstrat-
ed in a previous study, whereby an increased dead space 
in severe hypoxia arising from ARDS is accompanied by 
a higher mortality rate [454].

In addition to retrospective and observational studies 
in patients with hypoxemia, including those on the topics 
of extubation, post-operative patients and immune-com-
promised patients, randomised multicentre studies com-
paring NIV with high-flow oxygen therapy in patients 
with acute non-hypercapnic, hypoxemic pulmonary fail-
ure have recently been published [455–459].

The collective findings of numerous meta-analyses 
[460–468] demonstrate that high-flow oxygen therapy 
can serve as an alternative to both NIV and conventional 
oxygen therapy in the treatment of mild to moderate-se-
verity ARDS.

From a practical perspective, the significant advantage 
of high-flow oxygen therapy is that it is easily applied and 
well tolerated by patients.

In comparison to this, the adaptation of the awake pa-
tient to both the mask (or helmet) and the ventilation 
mode is more complicated when using NIV. Further-
more, prolonged NIV often leads to mask-induced pres-
sure sores, even though such side effects can be avoided 
in many cases by selecting a suitable mask and potential-
ly applying padding to its contact surfaces. 

In contrast to hypoxemic respiratory failure, no stud-
ies on the role of high-flow oxygen therapy in prolonged 
weaning were able to be found that could assess its value 
in this context. Therefore, no further statement on this 
topic will be made in the current guideline. 

5.6. Prolonged Weaning Strategies
5.6.1. Adjunctive Measures
Besides the ventilation techniques and dealing with 

various interfaces (masks, tracheal cannula etc.) a reha-
bilitation strategy with a series of adjunctive measures is 
paramount in prolonged weaning. By no means exhaus-
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tive, the following table presents these important adjunc-
tive therapy measures in detail (Table 15). Some of the 
pathological and therapeutic considerations related to the 
topic of high respiratory drive can be found in the ensu-
ing chapter (see Chapter 5.6.1.1). 

5.6.1.1. The Influence of Respiratory Drive. 
5.6.1.1.1. Reduction in Respiratory Drive. In patients 

undergoing prolonged weaning, an elevated respiratory 
drive with an increase in the work of breathing can lead 
to overloading and possibly to continuation of weaning 
failure. In this case, a reduction in respiratory drive can 
be useful in consecutively influencing the work of breath-
ing. The common causal reasons for an increase in respi-
ratory drive – which not only include pain, anxiety and 
withdrawal symptoms, delirium or infection, but also a 
suboptimal quality of MV setup – need to be treated ef-
fectively (see Chapter 5.1.2). For example, hypermetabo-
lism accompanied by increases in respiratory rate, tidal 
volume, oxygen consumption, CO2 production and basal 
metabolic rate after finishing sedation can be successfully 
treated with clonidine, thus facilitating the weaning pro-
cess [469]. In oxygenation disorders such as those arising 
from COPD or emphysema, the respiratory drive or re-
spiratory minute ventilation are reduced by the delivery 
of oxygen, which ultimately leads to the desired decrease 

in the work of breathing. In justified cases, the elevated 
respiratory drive can be dampened by the administration 
of opiates while closely monitoring the ventilation or 
blood gases. This was exemplified in a study of 14 diffi-
cult-to-wean patients with tachypnoea and rapid shallow 
breathing, which showed that the application of opiates 
can effectuate a reduction in inspiratory effort and an im-
provement in breathing pattern, without having a signif-
icant influence on oxygenation and sedation [470]. How-
ever, close monitoring is an absolute requirement. A con-
secutive increase in PCO2 that corresponds to mild 
“permissive hypercapnia” (with simultaneous metabolic 
compensation of acidosis by bicarbonate retention) can 
be accepted under these circumstances.

R26: If a primary increase in the work of breathing is 
evident during prolonged weaning that cannot be ex-
plained by respiratory or weaning failure, the exclusion of 
other causes of increased work of breathing, such as pain, 
stress, or the presence of delirium, is suggested. 

R27: After ruling out other causes, the administration 
of opiates with the aim of reducing the work of breathing 
may be indicated.

5.6.1.1.2. Stimulated Respiratory Drive. Although re-
duced respiratory drive is an unlikely cause of weaning 
failure, it should be taken into consideration when no 

Table 15. Adjunctive measures in prolonged weaning

Issue Therapeutic measures Goal

Pleural effusions/
overhydration

Drainage and, if necessary, pharmacotherapeutic measures such as 
treatment with diuretics

Improvement in respiratory mechanics and gas 
exchange

Influence of respiratory 
drive

Oxygen administration for gas exchange disorders (e.g., pulmonary 
emphysema), administration of morphine

Reduction of an inadequately increased 
respiratory drive and minute ventilation

Body position Placing the body in a position that relieves breathing, such as raising 
the upper body

Reduction in the work of breathing, unloading 
the diaphragm (especially in obesity, 
neuromuscular diseases and thoracic restriction)

Malnutrition or catabolism Administration of a calories rich, low carbohydrate (35– 40 %) diet Prevention of excessive CO2 production

Delirium and anxiety status Administration of anti-psychotics and anxiolytics (e.g., clonidine, 
haloperidol and benzodiazepines), maintenance of circadian rhythm, 
relaxation techniques

Normalisation of autonomic and 
neurophysiological function

Immobility and muscular 
deconditioning

Physiotherapeutic measures, respiratory muscle training Mobilisation, reconditioning of atrophied 
muscles

Insufficient cough Percussion
Vibration and oscillation
Autogenic drainage
Postural drainage
Technical aids for forced coughing, for example
Mechanical cough assist
Manually-assisted cough (thoracic compression)
Mini-tracheotomy

Improved secretion clearance
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other reason can be found [471]. The influence of differ-
ent stimulants has so far been investigated, [472–476], 
with positive results in some instances. Recently, the ef-
fect of acetazolamide, a carbonic anhydrase inhibitor, was 
used in a prospective randomised study in patients with 
COPD and metabolic alkalosis [477], with the aim of 
stimulating respiratory drive through a reduction in bi-
carbonate [478]. From of a total of 382 patients, 187 were 
included in the treatment group. No significant differ-
ences were found in relation to the duration of MV, time 
on the ICU, weaning success or survival rate [477]. In 
summary, there is currently no sufficient evidence for the 
use of respiratory-stimulating medications in patients 
undergoing prolonged weaning. 

R28: The use of medications that directly or indirectly 
stimulate respiratory drive is not recommended for re-
ducing weaning time in patients undergoing prolonged 
weaning. 

5.6.1.2. The Role of Transfusion in Prolonged Weaning. 
Patients in prolonged weaning often have haemoglobin 
values below the normal range. In intensive care patients, 
but especially in patients in prolonged weaning, anaemia 
is associated with a poor outcome [479–485]. Red blood 
cell transfusions are performed with the aim of improv-
ing oxygen availability and thereby tissue oxygenation 
[486, 487]. A transfusion trigger defines the range from 
which the positive effects of an increase in haemoglobin 
levels outweigh the risks of unfavourable effects associ-
ated with transfusions.

In large randomised controlled studies, including 
those on sepsis [488], peri-operative patients [489, 490] 
for myocardial infarction [491], and gastrointestinal 
bleeding [492], no disadvantages – or even advantages 
– of a restrictive (mostly around Hb < 7 g/dL) vs. liberal 
(mostly Hb < 9 g/dL) transfusion threshold could be 
demonstrated. Even though anaemia is an independent 
risk factor for both pre-operative as well as non-surgical 
patients with cardiac diseases, a transfusion with 30% 
haematocrit did not even lead to a better outcome in 
older patients [483]. The potential disadvantages of 
blood transfusions amongst other topics include trans-
fusion-associated infections, transient deterioration of 
gas exchange [493], increased rate of ventilator-associ-
ated pneumonia and transfusion-induced acute lung 
injury (TRALI) [494–498]. Accordingly, national and 
international guidelines generally recommend a prefer-
ence for restrictive transfusion thresholds [162, 499–
503].

For patients with prolonged weaning and more marked 
anaemia, there are no controlled comparative studies that 

have investigated the effects and complications of a lib-
eral vs. restrictive red blood cell transfusion.

During the phases of MV in prolonged weaning, gas 
exchange usually is sufficient so that tissue hypoxia does 
not occur. However, during spontaneous breathing phas-
es this may change significantly. Since a combination of 
respiratory pump failure (see Chapter 4.3) and cardiac 
failure often occurs in patients in prolonged weaning, the 
occurrence of anaemia can result in an additional load 
onto the respiratory pump through the increase in car-
diac output. Unloading the respiratory and cardiac pumps 
by offsetting anaemia can lead to a reduction in total oxy-
gen consumption, since both organs have an elevated au-
tochthonous oxygen demand during insufficiency [488].

In patients with advanced pulmonary disease (such as 
COPD) and severe anaemia, a blood transfusion was 
found to significantly decrease the elevated work of 
breathing compared to anaemic patients with oncological 
diseases but without lung disease [104], which can be part 
of a therapeutic strategy in individual cases in prolonged 
weaning. Further studies provide support for a less re-
strictive transfusion trigger in prolonged weaning. In a 
small case series of severely-anaemic patients in pro-
longed weaning, transfusions were found to be associated 
with successful weaning from the ventilator [504]. A ret-
rospective study of 138 difficult-to wean patients showed 
that haemoglobin values of 8–10 g/dL were associated 
with a better weaning outcome than values below 8 g/dL 
[103]. On the other hand, patients with Hb > 10 g/dL were 
significantly associated with weaning failure. Moreover, 
the different Hb levels were not due to transfusions and 
hence rather reflected the underlying condition of the pa-
tient [103].

The indication for a red blood cell transfusion is based 
on the assessment of the overall clinical picture, and can-
not be established by means of laboratory findings alone 
(haemoglobin, haematocrit, erythrocyte count), since in-
adequate tissue oxygenation can occur at different Hb 
concentrations [487, 505–510]. The recommendation for 
the use of physiological transfusion triggers (Table 16) is 
made with the aim of enabling patients with limited com-
pensatory capacity to deviate individually from the re-
strictive transfusion trigger, taking into account the over-
all clinical picture. On this note, it is important to men-
tion that the current guideline pertains to patients in 
prolonged weaning in whom a markedly increased work 
of breathing obstructs their weaning success. This there-
fore counts as an additional physiological transfusion 
trigger in prolonged weaning.



Schönhofer et al.Respiration 2020;99:982–10831034
DOI: 10.1159/000510085

Further criteria to consider are as follows [501]:
•	 Cause, duration, and severity of anaemia 
•	 Extent and speed of blood loss 
•	 Estimation of individual physiological capacity to 

compensate for the minimised arterial O2 content 
•	 Pre-existing illnesses in the patient, which limits com-

pensation capacity in acute anaemia (e.g., cardiac, vas-
cular, pulmonary illness) 

•	 Current clinical status of the patient 
•	 Symptoms that can indicate the presence of anaemic 

hypoxia (physiological transfusion trigger) 
•	 Intravasal volume status, since an erythrocyte deficit is 

not reliably detected with diminished plasma volume 
(hypovolaemia), and high haematocrit values are mea-
sured (see acute blood loss).
The installation of a central venous catheter can be 

considered for additionally determining central venous 
oxygen saturation (ScvO2). The ScvO2 can help evaluate 
the relationship between oxygen uptake and release, 
which in turn can establish whether a patient will benefit 
from a transfusion. This approach of using a differenti-
ated indication is confirmed by more recent studies [506]. 
A threshold value of ≤65% was recently reported to be 
necessary for an improvement in ScVO2 in cardiac, tho-
racic and vascular surgery intensive care patients [511]. 
Experimental approaches with direct measurement of tis-
sue oxygenation at the intracellular level (mitochondrial 
PO2) remain to be clinically confirmed [512].

A Hb level of > 8–10 g/dL can be aimed for in patients 
with impaired compensation whose clinical symptoms 
(physiological transfusion trigger; see Table 16) are sug-
gestive of anaemic hypoxia. In some cases, an elevation of 

the Hb value to > 10 g/dL can be indicated, but are not es-
sentially recommended.

R29: A target Hb value between 7 and 9 g/dL (4.34–
5.59 mmol/L) is suggested for patients undergoing pro-
longed weaning from the ventilator, while an increase in 
the Hb value to > 10 g/dL is not recommended. 

R30: Consideration of physiological transfusion trig-
gers is suggested when establishing the indication for a 
transfusion. 

R31: Raising the Hb value (Hb > 8 g/dL) is suggested 
for patients in prolonged weaning whose clinical symp-
toms indicate either inadequate compensation of low Hb 
levels, or that the markedly increased work of breathing 
(as in severe pulmonary disease) is impeding weaning 
success.

5.6.1.3. Improving Nutritional Status and Metabolism. 
Both mal – and overnutrition can prolong the weaning 
phase. Patients in prolonged weaning are, however, often 
already initially malnourished due to pre-existing pulmo-
nary disease (pulmonary cachexia) or become malnour-
ished during the critical phase of illness through inade-
quate calorie and protein intake that results from severe 
catabolism [513, 514]. Therefore, malnutrition is also 
common in patients with chronic critical illness and obe-
sity. Even in parenteral form, targeted nutritional therapy 
has a beneficial effect on total body protein, muscle 
strength and respiratory function, especially in cases of a 
nutritional deficit [515]. In critically-ill patients, howev-
er, protein loss cannot be prevented through a positive, 
non-protein energy balance alone [516]. A complete par-
enteral nourishment increases CO2 production (VCO2) 
in ventilated patients via glucose supply up to the point of 

Table 16. Physiological transfusion triggers can be suggestive of anaemic hypoxia if anaemia is confirmed by 
laboratory chemistry and normovolaemia is maintained (adapted from [501])

Physiological transfusion trigger
Cardiopulmonary symptoms Tachycardia

Hypotension
Drop in blood pressure with unknown genesis
High work of breathing

Typical signs of ischemia in the ECG Newly occurring ST depressions or elevations
Newly occurring arrhythmia

Newly occurring regional myocardial 
contraction disorder in echocardiography 
Global indices for insufficient oxygen 
supply

Increase in global O2 extraction of > 50 %
Reduction in O2 uptake of > 10 % of the baseline value
Reduction in mixed venous O2 saturation of < 50 %
Reduction in mixed venous PaO2 of < 32  mm Hg
Reduction in central venous O2 saturation of < 60 %
Lactate acidosis (lactate > 2  mmol/L  +  acidosis)

https://www.thieme-connect.de/products/ejournals/html/10.1055/a-1010-8764#BR006-502
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hypercapnic acidosis [517]. This can lead to an addition-
al and avoidable increase in the work of breathing, espe-
cially in the prolonged weaning phase, and speaks for en-
teral nutrition [518, 519].

In a double-blinded prospective randomised con-
trolled trial (PRCT; n = 20) al-Saady et al. [520] showed 
that patients in prolonged weaning who received a high-
fat, low-carbohydrate enteral nourishment (“high-fat/
low-carb”) had a significantly reduced MV time com-
pared to patients in the control group. In another PRCT, 
(n = 32), van den Berg et al [521] found that such a fat-rich 
enteral diet significantly reduces CO2 release in weaning 
patients, whereas no change in PaCO2 was observed. 
However, according to an evaluation of these studies by 
the Guideline Committee of both the Society Critical 
Care (SCCM) and the American Society for Parenteral 
and Enteral Nutrition (ASPEN) 2016 [518], these effects 
should not be overestimated in macronutrient composi-
tion, provided that energy supply does not exceed energy 
demand [522]. 

If swallowing is impaired, there is a risk that the aspi-
ration tendency will increase by using a nasogastric tube 
as an access point for enteral feeding. To this end, if arti-
ficial enteral feeding is expected to exceed more than 3–6 
weeks, an early indication for a PEG (percutaneous endo-
scopic gastrostomy) feeding tube can be established [523, 
524]. In patients who were on MV for more than 5 days, 
measurements over the first 7 days following extubation 
revealed that the maximum oral calorie intake only com-
prised 50% of the daily requirement [525]. In the anabol-
ic phase of rehabilitation that follows the weaning period, 
energy intake should preferably amount to 1.2–1.5 times 
the calculated energy requirement, although the corre-
sponding controlled studies are lacking [524, 526]. For 
these difficult-to-treat patients, the use of indirect calo-
rimetry can be helpful in accurately determining energy 
requirements [524, 527, 528]. Oral nutritional supple-
ments (sip-feed supplements), as well as the continuation 
of tube feeding, especially come into consideration for 
patients whose calorie intake requirements cannot be met 
by oral feeding alone [528]. In these instances, the dura-
tion of supplementation is based on the nutritional status 
of the patient. For an approximation of the basal energy 
requirement, and as recommended by the guidelines of 
the German Society for Nutritional Medicine (DGEM) 
[524], the energy requirement in non-obese intensive 
care patients (BMI < 30 kg/m2) can be estimated at 24 
kcal/kg of the current body weight/day. 

Numerous controlled studies have investigated the ef-
fects of an enterally-administered diet enriched with 

omega-3 fatty acids (eicosapentaenoic acid, EPA) and 
gamma linolenic acid (GLA), in patients with pulmonary 
failure, lung injury and/or sepsis [529–532]. Although 
none of these studies evaluated the weaning phase sepa-
rately, they did show that patients who received the sup-
plementary nutrition had a significantly shortened dura-
tion of MV and stay in the ICU [532], a significantly more 
favourable Horowitz index value [530] and a significant-
ly higher survival rate in sepsis [532]. In two meta-analy-
ses, the administration of EPA and GLA was confirmed 
to be advantageous for significantly lowering the mortal-
ity rate [532], for oxygenation, and for prolonging the 
time without ventilatory support [533]. In contrast, a 
double-blind, placebo-controlled multicentre study re-
ported conflicting results on this topic [534]. The study 
recruited 272 patients who had developed lung injury 
within the previous 48 hours, and were treated across 44 
hospitals in the US National Heart, Lung, and Blood In-
stitute ARDS Clinical Trials Network. An enteral supple-
ment with omega-3 fatty acids, GLA and antioxidants was 
compared to an isocaloric control solution, each of which 
was administered twice a day and delivered separately 
from the enteral nutrition. The number of ventilator-free 
days served as the primary end-point of the study. Plasma 
ELA levels increased significantly in the intervention 
group. The study was stopped prematurely, since the pa-
tients in the intervention group spent significantly more 
time than the control group on the ventilator (14.0 vs. 
17.2 days; p = 0.02) and in the ICU (14. 0 vs. 16.7 days;  
p = 0.04). The 60-day mortality rate was not significantly 
increased in the omega-3 group, although these patients 
had significantly more diarrhoea. Based on these find-
ings, the authors concluded that the administration of an 
omega-3 supplement in this group of patients does not 
improve treatment outcome, but may actually impair it. 
However, a point of criticism is that the hypocaloric nu-
trition in each group only contained 400 and 800 calories, 
respectively; therefore, the negative effects could also be 
the result of an insufficiently low protein intake. Two me-
ta-analyses of 6 [535] and 7 [536] controlled studies did 
not identify any clear clinical advantages of an omega-3 
fatty acid-enriched diet for patients with lung injury/
ARDS. Due to the controversial data on this topic, the 
2016 SCCM/ASPEN Guidelines do not provide any rec-
ommendation for the administration of omega-3 fatty 
acid-enriched enteral nutrition [518]. The current DGEM 
Guideline does not recommend it [524], while in the cur-
rent ESPEN Guideline, the recommendation is only valid 
for high-dose applications [528].



Schönhofer et al.Respiration 2020;99:982–10831036
DOI: 10.1159/000510085

Both the SCCM/ASPEN guidelines as well as the recom-
mendations by an international expert summit for intensive 
care patients rather emphasise the administration of a hy-
pocaloric (80–90%), but highly protein-rich diet at a dosage 
of 1.2–2.5 g/kg body weight [537], preferably in combina-
tion with muscle training [538]. The current DGEM guide-
lines recommend an individualised protein dose of 1.0 g/kg 
body weight/day, or 1.2 g/kg body weight/day amino acids 
[524].

R32: Artificial feeding that is preferably oral or enteral 
is suggested for patients undergoing prolonged weaning. 
If artificial enteral nutrition is expected to exceed 6 weeks, 
establishing an early indication for a PEG or PEJ tube is 
suggested. 

R33: An energy intake that does not exceed energy de-
mand is suggested for patients in the weaning phase. A 
sufficiently high intake of protein (1.0 g/kg body weight/

day or 1.2 g/kg body weight/day amino acids) as well as 
the intake of electrolytes, vitamins and trace elements 
should be ensured. 

5.6.1.4. Secretion Management. Secretion retention in 
the airways presents as a particular challenge, especially 
in prolonged weaning; nonetheless, literature that spe-
cifically relates to secretion management in this patient 
group is currently lacking. The available literature covers 
physiotherapy-based studies with short term analyses 
and expert recommendations that are based on the phys-
iological mechanisms of secretolysis and expectoration.

Despite the lack of evidence, this guideline affords se-
cretion management an important role in prolonged 
weaning, which always needs to be adapted individually, 
depending the secretion amount and cause of retention. 

The different factors that are responsible for the accu-
mulation of secretions in the deep respiratory airways are 
presented in Table 17. The consequences of such reten-
tion are presented in Table 18. 

There are two different methods for improving secre-
tion clearance in prolonged weaning: measures for secre-
tion lysis or mobilisation, and measures for improving 
secretion removal from the airways. Clear identification 
of the cause of secretion accumulation (e.g. increased se-
cretion formation, specific secretion properties such as 
high viscosity, weak expectoration) is important for the 
efficient application of the different secretion manage-
ment techniques.

Table 17. Causes of secretion retention in prolonged weaning

Increased secretion 
formation in the airways 

Elevated MUC-gene production [539], which, for example, can occur during infection or through 
irritation of the airway mucosa by foreign objects such as a tracheal cannula

Proliferation of goblet cells and/or submucosal glands in chronic inflammatory airway diseases or acute 
exacerbation of chronic pulmonary diseases

Suctioning injuries by suctioning too deeply in the endobronchial rather than endotracheal region

Ineffective 
mucociliary clearance

Congenital ciliary dysfunction

Replacement of cilia-lined epithelium with another type, such as squamous epithelium (so-called 
squamous cell metaplasia)

Disruption to ciliary function by an endotracheal or tracheal cannula; excessive inspiratory oxygen 
concentration or insufficient conditioning of the respiratory gases

Ineffective cough Inspiratory and/or expiratory muscle weakness, for example, in ICUAW (ICU aquired weakness) or other 
neurological diseases

Lack of effective glottis closure, for example, in the presence of an endotracheal tube or a blocked tracheal 
cannula

Unstable thorax or inadequately treated pain after thoracotomy/sternotomy

Aspiration of saliva/food See Chapter 5.6.1.5

Table 18. Consequences of secretion retention in prolonged wean-
ing

– Increased work of breathing through the narrowing of airway 
diameter or reduced lung compliance caused by atelectasis

– Worsening of blood gases due to ventilation-perfusion 
mismatch up to the shunt caused by atelectasis

– Increased risk of infection
– NIV failure after decannulation
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In terms of the underlying physiology, there are 5 prin-
ciples, in addition to pharmacotherapy (see Table 19), by 
which secretion elimination from the airways can be 
achieved [240].

When determining the indication for accompanying 
pharmacotherapy, it is important to consider the variable 
composition of the bronchial secretion based on the re-
spective underlying disease, such as when using recombi-
nant human DNAse [540].

For medication-based secretolysis, the AARC (Ameri-
can Association for Respiratory Care) Clinical Practice 
Guideline [541] states the following:
•	 rhDNA should not be used in patients without under-

lying cystic fibrosis 
•	 Routine bronchospasmolytic therapy and the admin-

istration of N-acetylcysteine to aid in secretion clear-
ance are not recommended 
Apart from invasive techniques such as bronchoscopy 

and endotracheal suctioning (carried out by nursing staff 
or respiratory therapists, or by physiotherapists and 
speech therapists, where approved), physiotherapy holds 
an important place in the weaning process by restoring 
various functions and hence supporting the rehabilita-
tion process. The main focus is on patient mobilisation 
and the associated measures such as passive and active 
respiratory therapy, which includes secretion manage-
ment. It is particularly important that despite penetration 
or aspiration through decannulation in mild to moderate 
dysphagia, the use of an effective secretion management 
process can prevent the patient from having to be trans-
ferred to an outpatient facility with a tracheostoma  
(Group 3a II according the revised Weaning Classifica-
tion, Table 3). This requires close collaboration between 
physiotherapists, respiratory therapists and speech thera-
pists. Besides respiratory therapy, special techniques for 
secretion lysis [542] are also deployed in the secretion 
management process, such as those using endobronchial 
or transthoracic oscillatory systems [543–545], or inhala-
tive therapy such as hypertonic saline solution [546]. Se-
cretion elimination can subsequently take place via posi-

tioning therapy, huffing, a PEP system [547, 548], manu-
ally-assisted cough [549] or use of mechanical coughing 
aids such as the mechanical insufflator-exsufflator [550–
552], which is only indicated for patients with neuromus-
cular diseases and healthy lungs. However, according to 
a Cochrane analysis, a limitation of the latter technique is 
that there is no compelling evidence for the use of me-
chanical coughing aids in some patient groups including 
those undergoing weaning from the ventilator [553]. 
However, this proof-of-concept is essentially lacking, ow-
ing to the heterogeneity of the study patients; however the 
use of mechanical coughing aids has few side effects.

All of the physiotherapeutic measures that are taken to 
promote secretion clearance are based on the principle of 
first getting air behind the secretion, then transporting it 
into the central airways by increasing intrathoracic pres-
sure either during the expiratory phase or coughing. For 
example, in cases of bronchial instability that co-exists 
with COPD, the use of positive pressure during expira-
tion can lead to shifting of the so-called equal pressure 
points to the large airways, thus improving secretion 
clearance. Depending on the underlying pathophysiology 
of the secretion retention, and following detailed exami-
nation, an individually-tailored physiotherapy program 
is necessary, such as the one presented schematically in 
Figure 7, which is based on the recommendations by the 
ERS and ESICM Task Force [240].

In cases of weak cough, a mini-tracheostomy is an al-
ternative to a tracheostomy retainer after decannulation. 
Due to the relatively thin calibre of the tube (inner diam-
eter: 4.0 mm plus wall thickness), it allows ongoing 
shrinkage of the tracheostoma, and aspiration of secre-
tions from the trachea via a suctioning catheter. This es-
pecially pertains to patients with neuromuscular diseases 
who require NIV directly after decannulation, but have a 
weak cough. Thus, the mini-tracheotomy enables the si-
multaneous application of NIV with effective secretion 
management.

Further details on the practical aspects of secretion 
management, especially in relation to the treatment of pa-
tients with neuromuscular diseases and COPD, can be 
found in the secretion management chapter of the S2k 
“Guidelines for Non-Invasive and Invasive Home Me-
chanical Ventilation for Treatment of Chronic Respira-
tory Failure” [3].

As described for mobilisation, is it absolutely essential 
that secretion lysis and removal is also regularly per-
formed 7 days a week, and if necessary, several times a 
day.

Table 19. Physiological mechanisms for the treatment of secretion 
retention (according to [240])

– Increase in intrathoracic volume
– Reinforcement of the maximal expiratory flow
– Secretolysis, for example, oscillation therapy
– Increase in expiratory volume
– Endotracheal suctioning

https://www.thieme-connect.de/products/ejournals/html/10.1055/a-1010-8764#JR006-240
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R34: Due to its central role in prolonged weaning, se-
cretion management is recommended to be carried out 
on a daily basis, including at weekends. 

R35: In patients with neuromuscular diseases and NIV 
who otherwise have treatment-resistant hypersecretion, a 
mini-tracheotomy can be helpful for effective secretion 
removal. 

QI2: During the weaning process, secretion manage-
ment is carried out daily, including weekends (number of 
patients that had secretion management/number of pa-
tients that should have had secretion management). 

5.6.1.5. Management of Dysphagia. Dysphagia with 
subsequent aspiration often presents as a cause for failed 
decannulation or recurring infections of the lower air-
ways in patients undergoing prolonged weaning. A list of 
the multiple causes of dysphagia is presented in Table 20.

Whether the tracheal cannula itself serves as an inde-
pendent risk factor remains under debate. Some studies 
negate this [560, 561], especially since the larynx can be 
adequately lifted during swallowing with an existing tra-
cheal cannula [562]. On the other hand, in a prospective 
study in patients who underwent dilatative tracheotomy 
after a ventilation duration of 20 ± 11 days, Romero et al. 
used FEES (fiberoptic evaluation of swallowing) to iden-
tify dysphagia in 38% of the patients [374]. It is clear that 
even with an inflated tracheal cannula, aspiration cannot 
be completely prevented, since pressures exceeding that 
of the cuff may result during swallowing [563].

Particularly for neurological patients in prolonged 
weaning, it is important that the possibility of dysphagia 
is always considered and that is it ruled out or confirmed, 

Secretion retention
• Assessment:  Chest X-ray, bronchoscopy, blood gas analysis
• Identification of underlying disease
• Adaptation to the underlying disease of measures promoting lysis and expectoration of secretions 

Expansion of
intrathoracic
volume  

Mobilisation    Positioning
Spontaneous
breathing:
Oscillating systems,
IPV, HFCWO

Under invasive
mechanical
ventilation: IPV,
HFCWO

Positioning 

Positioning

CPAP

PEP systemsManually assisted
cough

Mechanical
insufflator/
exsufflator

Breathing exercises

Incentive spirometry

IPPB  or CPAP/NIV

Enhancement of
maximal expiratory
flow 

Oscillation therapy during
spontaneous breathing
or under mechanical
ventilation   

Increase in
expiratory
volume 

Endotracheal
suctioning 

Coughing/huffing

Fig. 7. Measures for secretion lysis and removal in prolonged weaning [240]. HFCWO, high frequency chest wall 
oscillation; IPPB, intermittent positive pressure breathing; CPAP, continuous positive airway pressure; NIV, 
non-invasive ventilation; PEP, positive expiratory pressure; IPV, intrapulmonary percussion ventilation [rerif].
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Table 20. Possible causes of dysphagia during the weaning process

– Presence of dysphagia prior to MV and weaning (e.g., cerebral 
ischemia, traumatic brain injury, neuromuscular diseases)

– Longer phases of MV with neurological disease [554]
– ICUAW (critical-illness polyneuropathy/myopathy)
– Reduced state of consciousness (underlying disease, side-effect 

of sedatives)
– Endotracheal intubation [555–557]
– Tracheal cannula – prevention of laryngeal elevation during 

swallowing
– Swelling/injury in the hypopharyngeal/laryngeal region, for 

example, due to nasogastric tube
– Deprived swallowing/coughing reflex of the larynx through 

reduced stimulation of sensory receptors due to a chronically 
blocked artificial airway [558]

– Sepsis [559]
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not only by clinical examination, but also with the aid of 
FEES. Speech therapy expertise should be incorporated 
into the management of dysphagia, not only for diagnosis 
but also for treatment. 

There are no prospective studies that address the fre-
quency of dysphagia occurrence in prolonged weaning 
and its influence on the course of weaning. In a patient 
cohort with an a priori higher probability of developing 
a swallowing disorder due to the underlying disease, 
dysphagia was described in up to 87% of the patients 
admitted to early neurological rehabilitation program 
[564].

Due to the high prevalence of swallowing disorders, an 
evaluation of the upper respiratory tract with the specific 
question of whether dysphagia exists should be routinely 
performed in the weaning process.

An aspiration tendency can often be clinically proven, 
for example, by aspirate suctioning, but can also be iden-
tified by staining the saliva or food, for example, with food 
colouring when the tracheal tube is deflated. Flexible en-
doscopy through the existing tracheal cannula allows the 
visualisation of injuries such as arytenoid cartilage dislo-
cations and mucous membrane swelling in the laryngeal 
inlet, as well as a salivary pool in the larynx opening, as a 
manifestation of dysphagia. Simultaneous examination 
of laryngeal sensitivity is also possible in awake patients.

Two additional procedures exist for co-operative, alert 
patients:

(a) Modified Evan’s Blue Dye-Test [565]: After stain-
ing the saliva or food, colour that appears around the in-
flated cannula coming out of the tracheostoma is a reli-
able indicator of aspiration; coloured aspirate can be ad-
ditionally suctioned when the cannula is deflated. This 
test has a high predictive value for aspiration [566]; how-
ever, this method is limited by the fact that it cannot be 
used to diagnose penetrations, or quantify the degree of 
dysphagia.

(b) Endoscopic transnasal evaluation of swallowing 
(FEES): This is seen as the gold standard in swallowing 
diagnostics [567], and not just in adult patients [568]. A 
bronchoscope (ideally with video attachment) is led into 
the meso/hypopharynx via the right or left nostril, with-
out local anaesthetic. This enables the investigator to de-
termine whether there is an accumulation of saliva in the 
hypopharynx, and also allows the assessment of the swal-
lowing of food that is dyed and of different consistencies 
(liquid, mushy, solid, crumbly). This means that the pas-
sage of food into the laryngeal inlet (penetration) and 
through the vocal cords (aspiration) can be reliably de-
tected. This method also allows detection of residues in 
the hypopharyngeal area that are often a sign of disrupted 
sensitivity and can be secondarily aspirated with a change 
in body position. The penetration-aspiration scale de-
vised by Rosenbek et al. [569] (see Table 21) has emerged 
as the most appropriate test for grading the severity of the 
swallowing disorder, and especially for the assessment 
and comparison of sequential examinations. 

The approach to dysphagia management in early neu-
rological rehabilitation patients is described in the rele-
vant specialised literature [570].

The procedures described above are complementary 
and provide more detailed information about the oral, 
pharyngeal and oesophageal phases of swallowing. Based 
on the findings of the diagnostic methods with which the 
treating team has the most experience, a problem-orient-
ed and individual strategy is then developed, and should 
also include close consultation with a speech therapist. For 
large pools of saliva above the larynx, anti-cholinergics 
(e.g., scopolamine patch) or individual treatment with 
botulinum toxin injections in the salivary glands [571] can 
be used to reduce salivary production. This allows the tra-
cheal cannula to be deflated more easily, increasing phys-
iological airflow and improving proprioception in the up-
per airways. As a general rule in patients who are fitted 
with an blocked tracheal cannula, it is important to use 
systems that allow subglottic suctioning [563].

Table 21. Penetration-aspiration scale (PAS) by Rosenbek et al. 
[569]

Classi-
fication

Characteristics

1 No penetration

2 Laryngeal penetration above the vocal cords, complete 
ejection

3 Laryngeal penetration above the vocal cords, no 
ejection

4 Laryngeal penetration up to the vocal cords, complete 
ejection

5 Laryngeal penetration up to the vocal cords, no 
ejection

6 Aspiration, with ejection from the trachea (coughing of 
aspirate into the laryngeal inlet and beyond)

7 Aspiration, no ejection from the trachea with weak 
coughing

8 Aspiration, no coughing effort

https://www.thieme-connect.de/products/ejournals/html/10.1055/a-1010-8764#JR006-570
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Specific dysphagia treatment has the goal of avoiding 
aspiration and enabling oral intake of food. This therapy 
should always be carried out on an interdisciplinary basis; 
amongst other things, logopaedic measures after long-
term intubation or tracheostomy are available in pro-
longed weaning. Swallowing exercises and attempts un-
der the guidance of speech, occupational and/or respira-
tory therapists promote the restoration of the normal 
motoric component of swallowing and the learning of 
compensatory swallowing techniques. Isolated penetra-
tions do not represent a contraindication for oral food 
intake, and even aspirations with self-cleaning of the lar-
ynx can be tolerated. Deflating the cuff under spontane-
ous breathing conditions in combination with a speaking 
value to promote coughing can help with this process to 
some extent [572]. For definitive decannulation to occur, 
aspiration should be specifically ruled out, for example, 
with FEES. For reasons of quality-of-life and improved 
communication, decannulation can take place earlier if 
the patient has been explicitly informed about the risk of 
aspiration and its consequences, especially when the ac-
tual or presumed will of the patient does not consider the 
primary therapy goal as fulfilling his/her life span. 

R36: Prior to beginning oral food intake after invasive 
MV, an early test for the presence of dysphagia is recom-
mended. 

R37: If dysphagia is present, regular swallowing train-
ing under the guidance of a speech therapist is recom-
mended.

R38: Prior to decannulation, clinical and if possible 
technically assisted exclusion of aspiration is recom-
mended.

QI3: Screening for Dysphagia: Number of patients in 
prolonged weaning in whom dysphagia screening was 
performed prior to starting oral nutrition/Number of pa-
tients in prolonged weaning with oral nutrition 

5.6.1.6. Measures for Improving Diaphragm Function 
in Prolonged Weaning. 

5.6.1.6.1. Inspiratory Muscle Training (IMT). It is pos-
sible to carry out IMT in patients with diaphragmatic 
weakness using specific techniques. 

Of the available methods for IMT, three recognised 
techniques can be applied in patients with diaphragmatic 
weakness: (1) inspiratory threshold loading, (2) targeted 
resistive breathing, and (3) normocapnic hyperpnea 
[573].

Both a systematic review [574] and a randomised con-
trolled study [575] related to the topic of inspiratory mus-
cle training were recently published.

The review analyses ten studies and comes to the con-
clusion that conducting inspiratory muscle training in a 
selected patient cohort at varying degrees of effectiveness 
can reduce the duration of the weaning process and short-
en the time required on NIV after extubation [574]. The 
randomised study investigated the effect of IMT after suc-
cessful weaning [575]. The training led to an increase in 
muscle strength and quality of life, whereas an effect on 
hospital mortality rate was not found. Based on the results 
of this study, future research should investigate whether 
IMT in selected patient groups confers a reduction in the 
rate of post-extubation failure. 

IMT favourably influences both respiratory muscle 
function and weaning success in invasively ventilated pa-
tients undergoing the weaning process [311, 576], and 
can be used without endangering patients, provided they 
are appropriately selected [575]. Whether a protective an-
ti-VIDD effect can be achieved here currently remains 
open, despite indirect evidence such as a reduced rate of 
post-operative pulmonary complications and a reduced 
hospital stay in high-risk patients prior to arteriovenous 
bypass surgery [577].

5.6.1.6.2. Respiratory Muscle Support by Indirect and 
Direct Stimulation of the Diaphragm. The surgical im-
plantation of devices to stimulate the phrenic nerve was 
already described in the 1940’s, and has since been imple-
mented in the treatment of spinal cord injury [578, 579]. 
A significant cause of weaning failure is insufficient dia-
phragmatic strength or diaphragmatic dysfunction. A 
relatively new approach that is potentially therapeutic is 
the temporary stimulation of the diaphragm to support 
respiratory muscle training. This serves to expedite re-
generation of the diaphragm and hence weaning from 
ventilation. The first clinical data have been published for 
diaphragmatically implanted probes, as well as for trans-
venous catheters, which trigger diaphragmatic contrac-
tion by stimulating the phrenic nerve [580–584]. In ani-
mal experiments it could be shown that pure controlled 
ventilation leads to significant diaphragmatic atrophy 
and that this can be reduced by intermittent stimulation 
of the phrenic nerve [582].

In a clinical study of 22 patients who had undergone 
elective surgery (for correction of an atrial septal defect), 
the basic applicability of the method as well as an effective 
triggering of diaphragmatic concentration was shown, 
thus demonstrating the general viability of this technique 
in the clinical setting [583].

A prospective randomised controlled clinical study is 
currently being carried out in Europe (Percutaneous tem-
porary placement of a phrenic nerve stimulator for dia-
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phragm pacing [RESCUE2]) [584]. The study encom-
passes 88 adult patients (n = 88) with a ventilation dura-
tion of > 96 h, and in whom at least two weaning attempts 
were not successful.

Whether the effects of temporary diaphragmatic stim-
ulation ultimately appear to justify the use of this invasive 
method cannot yet be definitely ascertained. 

The results of ongoing and future prospective clinical 
studies are still awaited, especially those pertaining to 
possible complications. Due to the limited data availabil-
ity, it is not possible to definitively assess the value of this 
procedure.

5.6.2. Extracorporeal Lung Support Procedures
In an extracorporeal lung support (ECLS) procedure, 

blood is pumped through a membrane oxygenator (usu-
ally) via a venous cannula and through a tube system for 
saturation with oxygen and elimination of carbon diox-
ide, and is then returned to the circulation. Carbon diox-
ide elimination can alternatively be performed using a 
special dialysis procedure, such as bicarbonate elimina-
tion. The important determinants of the effectivity of an 
ECLS procedure are the blood/pump flow or fresh gas 
flow over the gas exchange membrane. Depending on the 
system and the diameter of the cannula, a blood flow rate 
of up to 5 L/min is possible. Whereas sufficient blood flow 
through the oxygenator (generally > 1.5 L/min) is re-
quired for efficient oxygenation of the blood, efficient 
CO2 elimination requires lower flow rates, which are de-
cisively defined by the extent of fresh gas flow [585, 586]. 
The potential indications and areas of application for 
ECLS procedures theoretically encompass nearly all 
forms of acute and chronic lung failure, and are depen-
dent on the efficiency and invasiveness of the systems. 

Two different types of systems are currently available:
•	 High-Flow Systems enable extracorporeal membrane 

oxygenation (ECMO) and primarily come into use in 
patients with severe lung failure, when all other con-
servative measures have been exhausted and adequate 
oxygenation cannot be guaranteed. According to the 
S3 Guideline “Invasive Mechanical Ventilation and 
Extracorporeal Membrane Oxygenation in Acute Re-
spiratory Insufficiency”, their use is linked to struc-
tural characteristics and should take place in a centre 
with expertise in the treatment of these patients [162]. 

•	 Low-Flow Systems do not have any significant effect 
on oxygenation due to the markedly lower extracor-
poreal blood flow. They are almost exclusively limited 
to carrying out extracorporeal CO2 removal (ECCO2R) 
and have found their place mainly in patients with 

acute hypercapnic respiratory failure. Extracorporeal 
CO2 removal can either occur via a pumpless arterio-
venous (pECLA) or a pump-driven veno-venous ex-
tracorporeal procedure. Systems in which kidney sup-
port procedures are combined with ECCO2R by a 
membrane lung, or where CO2 removal takes place via 
bicarbonate ultrafiltration or electrodialysis also fall 
into this category [587–590].
During ECCO2R, depending on how high the amount 
of extracorporeally-eliminated CO2 is in relation to the 
amount of CO2 produced by the patient, a part or the 
entire work of breathing required for CO2 removal can 
be taken over by ECCO2R. According to a series of 
prospective and retrospective case-control studies, a 
significant reduction in PaCO2 and an increase in pH 
can be achieved with this process [591–595]. In pa-
tients in prolonged weaning, it therefore appears theo-
retically possible that the use of ECCO2R can facilitate 
weaning from the ventilator or replace the ventilator. 
The significant potential advantages of ECCO2R in 
comparison to prolonged MV are the avoidance of 
ventilator-associated complications and the increased 
level of comfort for the patient. Nonetheless, these po-
tential advantages need to be weighed up against the 
complications associated with the ECCO2R procedure 
(e.g., blood vessel injury, requirement for therapeutic 
anti-coagulation, bleeding and thrombo-embolic 
events).
There are no prospective randomised clinical studies 

available in which the effects of ECCO2R-based weaning 
versus conventional weaning were investigated in pa-
tients undergoing prolonged weaning. Since the ECCO2R 
procedure has already been in use for a number of years 
in Germany [596], it should first be investigated in con-
trolled prospective studies. At this point in time, it is con-
sidered to be an experimental procedure. Therefore, 
based on the available data, a recommendation for or 
against the use of ECCO2R in prolonged weaning cannot 
yet be made.

5.6.3. Sleep on the ICU
Both sleep and circadian rhythm can be substantially 

disrupted in some patients during their stay on the  
ICU – various studies report the occurrence of frequent 
episodes of arousal, loss of deep/REM sleep and an abnor-
mal distribution of sleep and awake periods, even during 
the day [597–600]. Sleep deprivation has a negative effect 
on the immune system, the cardiovascular system and 
cognitive capacity, and respiratory muscle strength [601]; 
it is also a risk factor for the development of delirium and 
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can increase the duration of time required on the ICU as 
well as the mortality rate. 

Huttmann et al. [602] investigated sleep quality in 19 
tracheotomised ICU patients undergoing weaning using 
polysomnography and questionnaires. They found that 
sleep quality was reduced, albeit with the preservation of 
high amounts of slow-wave sleep, and that the arousal 
index was 18.7 ± 12.4/h. No differences were found be-
tween successfully and unsuccessfully weaned patients, 
while increased bicarbonate levels negatively correlated 
with sleep efficiency and quality. 

The following factors can be responsible for a disrup-
tion to sleep architecture: 
•	 Noisy surroundings (especially that caused by nursing 

staff) 
•	 Mechanical ventilation
•	 Inflammation
•	 Inadequate treatment of pain
•	 Effects and side-effects of medication 
•	 Therapeutic and nursing measures
•	 Monitoring

A study by Bihari and colleagues [603] found that the 
main cause of sleep disruption on the ICU was the noise 
arising from discussions and chatting amongst medical 
staff. 

Fostering the day-night cycle in weaning patients, es-
pecially those in the prolonged weaning process, seems 
reasonable from a physiological perspective, despite the 
negative results reported by Huttmann et al. [602]. For 
this reason, the creation of an atmosphere that promotes 
a normal day-night rhythm in critical care units has been 
identified as a structural criterion for weaning units  
(see criteria catalogue for the certification process in 
“WeanNet”, the German network of weaning units; the 
catalogue is only available in German language) [604]. A 
particular level of importance is placed on the effort to 
either significantly reduce or completely eliminate asyn-
chronies between the ventilator and the patient’s breath-
ing and care-related disturbances that disrupt the physi-
ological circadian sleep-wake rhythm. There are a num-
ber of different measures available that keep the patient 
awake during the day in order to increase the pressure to 
sleep at night. Wherever possible, nocturnal disturbances 
arising from noise and light should be avoided in the ICU. 
This also includes nursing measures that can potentially 
disrupt the patient’s sleep but are not absolutely neces-
sary.

Concepts for improving sleep quality on intensive care 
units also include sleep-promoting measures such as light 
and noise reduction, and the provision of earplugs and 

eye masks [146, 605]. Specific pharmacological aspects 
regarding analgesia and sedation hold less importance in 
comparison to non-pharmacological measures, since sev-
eral studies have shown that they prevent normal sleeping 
patterns [606, 607].

5.6.3.1. Significance of Melatonin. The American 
guidelines on the topic of analgesia, sedation and man-
agement of delirium do not provide any recommenda-
tions regarding the use of melatonin for improving sleep 
in intensive care patients [608]. 

Three randomised controlled trials with a collective 
patient population of 60 showed no clear effect of mela-
tonin on sleep quality or duration [609, 610, 611].

Ramelteon, a melatonin receptor agonist approved for 
use in the USA, was found to have favourable effects on 
the occurrence of delirium, but not on sleep quality [612, 
613].

5.7. Features of Spinal Cord Transection (SCT)
The weaning of patients with upper-level spinal cord 

injuries is a challenge for specialised centres for many rea-
sons. Since this usually pertains to the prolonged, discon-
tinuous weaning of tracheotomised patients [614, 615], 
the literature reports the duration of stay on specialised 
units as ranging between 40 and 292 days [616]. Pro-
longed weaning processes are therefore the rule, since fac-
tors such as pulmonary infections delay the weaning pro-
cess [617, 618]. The failure rate after long-term weaning 
is mutually quoted at around 30% [614, 615]. Addition-
ally diverse autonomic dysregulation conditions such as 
hypotonia, bradycardia, temperature dysregulation and 
autonomic dysreflexia can also consideraly hinder the 
course of treatment [617, 619] and requiring care from an 
experienced specialist. Respiratory weaning in upper-lev-
el spinal cord transection patients has been carried out in 
paraplegia clinics for the last 15 years.

5.7.1. Pathophysiological Aspects
Respiration is impaired in all patients with upper-lev-

el spinal cord injuries [620]. This is rarely due to pre-ex-
isting lung diseases, and instead stems mainly from respi-
ratory muscle pump impairment following partial or 
complete denervation of the respiratory/auxiliary mus-
cles. The diaphragm should be mentioned first here, since 
it performs almost 100% of the remaining active work of 
breathing in these patients [621, 622]. It is important to 
train this muscle and its (residual) functions carefully, 
methodically and, above all, without causing fatigue. This 
training ensures that specific muscle fibre types that are 
initially quickly fatigued can now yield a sustained output 
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[622, 623]. While this phenomenon has been studied in 
detail after phrenic nerve stimulation in paraplegic pa-
tients [624], it can also be used for the expansion of ven-
tilator-free periods for spontaneously breathing patients. 
Here it is important not to reach the so-called fatigue 
point of the diaphragm, otherwise the weaning process 
will be sustainably delayed or not possible at all [625, 626, 
627].

5.7.2. Special Features of Patients with SCT
The majority of patients are quadriplegic or quadripa-

retic with an SCT below C0–8, Abbreviated Injury Scale 
(AIS) Type A, B or C (Table 22) [628]. Paraplegic patients 
with  accompanying injuries or illnesses that impair re-
spiratory performance.

5.7.3. Additional Exclusion Criteria for Beginning the 
Weaning Process
In addition to the recognised general exclusion crite-

ria, there are medical conditions typical for paraplegia 
under which weaning should not begin or be continued:
•	 Persistent, complete diaphragmatic paralysis without 

coughing capacity 
•	 Untreated, high-grade pronounced autonomic dysre-

flexia 
•	 Non-compensated spasticity that significantly impairs 

breathing 
•	 Decubitus ulcers accompanied by sepsis 

5.7.4. Practical Course of the Weaning Procedure
The weaning process is generally started with the pa-

tient in the supine position. The reasons for this are that 
spinal cord transection patients show a more stable blood 
pressure ratio as well as a higher breath volume in this 
position [628, 629]. Starting at a spontaneous breathing 
time of 20 min/hour, weaning can generally be carried out 
in the sitting position (e.g., in a wheelchair), due to the 
trained diaphragm [615, 623]. Spirometric monitoring of 
tidal volume and capnometry are nonetheless warranted 
at all times.

During the night, the patient’s respiratory muscles are 
preferably completely unloaded until the next training 
cycle through the use of a controlled ventilation mode.

During the day, the weaning procedure is carried out 
as follows: A weaning cycle is planned for 12 h (e.g., 8  
a.m. – 8 p.m.). This weaning phase is discontinuous, since 
each hour offers both spontaneous breathing and muscle 
unloading during MV. This therefore results in up to 12 
training units per day. The so-called averaged tidal vol-
ume (average tidal volume spirometrically measured 

across 20 spontaneous breaths) plays an important role in 
ascertaining the increments in the proportion of sponta-
neous breathing phases. Further determining factors in-
clude vital capacity, respiratory rate, extent of diaphrag-
matic mobility (based on sonography) and assessment of 
coughing capacity. 

Important termination criteria for spontaneous 
breathing are the reduction in tidal volume (average TV 
minus 30%) as well as the development of autonomic 
symptoms (spasticity, dysreflexia). Using these parame-
ters and based on the clinical experience of the practitio-
ner, the incremental units should be checked and cor-
rected (if necessary) every day. 

If daytime weaning is successfully completed (i.e., the 
patient’s daytime respiration is stable for around 1 week), 
nocturnal weaning begins as follows: The spontaneous 
breathing phase becomes extended by 1 h. This gives the 
patient the choice of whether to incorporate this extended 
time into the night, or be disconnected earlier from the 
ventilator in the early hours of the morning. 

Standardized protocols have proven to be helpful for 
the weaning process and should be used as part of the 
documentation [615].

5.8. Special Aspects in Paediatric Patients
There are only a limited number studies addressing the 

topic of weaning, readiness-to-wean, and extubation in 
childhood. The following section is devoted to weaning 
in paediatric patients. Studies on prematurely-born and 
newborn infants are not included.

Table 22. The abbreviated injury scale (AIS)

AIS Neurological deficit

A Complete loss of motor and sensory function at S4/S5

B Sensory Incomplete. Sensory but not motor function is 
preserved below the neurological level and includes the 
sacral segments S4-5

C Motor incomplete function is preserved at the most caudal 
sacral segments for voluntary anal contraction (VAC) and 
less than half of key muscle functions below the lesion 
Level have a muscle grade ≥ 3

D Motor incomplete status as defined equal to type C, with at 
least half (half or more) of key muscle functions below the 
lesion Level having a muscle grade ≥ 3

E No motor or sensory deficits
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5.8.1. Weaning Protocols
Two prospective randomised studies [630, 631] and 

retrospective analyses [632, 633] verify the use of a wean-
ing protocol as a means for reducing weaning duration; 
however, this could not be confirmed by another ran-
domised study [634]. A small retrospective study de-
scribes a weaning protocol for patients with SMA1 that 
includes the use of an in-/exsufflator (see also [553, 635]). 
They found that extubation is likely to be successful if the 
SO2 level is > 94%, with an FiO2 of 0.21; pre-determined 
intervals of tracheal suctioning could be adhered to, and 
extubation was followed by NIV [636]. The approach de-
scribed in this study increased the rate of successful extu-
bation. In the meantime, the first results of a closed-loop 
automated weaning procedure have become available for 
children [637, 638], although the potential advantages of 
this system are yet to be demonstrated [639]. Even when 
the use of weaning protocols is likely to be beneficial in 
children, the extent of the available literature is not ade-
quate enough to serve as a basis for their recommenda-
tion. 

5.8.2. Assessment of Weaning Ability
The standardised assessment method for weaning 

ability in short-term ventilated children was investigated 
in a randomised study. Numerous parameters were eval-
uated on a daily basis (FiO2 ≤0.5, PEEP ≤8 cm H2O, no 
new infiltrates observed in CT scans, no prolonged seda-
tion or paralysis, normal electrolyte levels, hemodynam-
ic stability and Hb ≥8 g/dL) and an SBT was subsequent-
ly carried out if required. This approach reduced the du-
ration of MV significantly [631]. A daily standardised 
assessment of weaning ability is recommended by expert 
groups [640]. It is generally agreed that besides the fac-
tors that are also applicable to adults, readiness-to-wean 
in children requires a sufficient hydration status [641, 
642]. However, it remains to be determined whether a 
restrictive fluid management program is more favour-
able than a liberal one in terms of extubation outcome 
[643–645].

5.8.3. Sedation and Sedation Protocols
Sedation is usually required during invasive ventila-

tion of children, due to their generally low level of toler-
ance for ventilation per se. One particular study reports 
an association between extubation failure and deep seda-
tion [634], whilst others show that the use of sedation 
protocols for children allows the depth of sedation to be 
easier quantified [646, 647], as well as better controlled 
[648–651]. A randomised study showed that daily inter-

ruption of the sedated state (inclusion criteria: MV > 48 h, 
peak inspiratory pressure [PIP] < 29 mm Hg) reduced the 
duration of MV [652]. However, in another study, the use 
of both a sedation protocol and a standardised assessment 
of weaning ability did not reduce the duration of weaning 
[648].

5.8.4. SBTs and the Prediction of Successful 
Extubation
One study in children could not identify any difference 

in predicting weaning failure between an SBT with a T-
piece, and MV with PSV 2 h prior to extubation [653]. 
Additional conventional parameters for extubation fail-
ure such as Vt, respiratory rate, P(imax), and f/Vt in the 
SBT did not predict extubation failure sufficiently [654–
656]. The conduction of a 15-minute SBT in one study 
had a positive predictive value (PPV) of 92% for success-
ful extubation [657]. The rate of extubation failure was, 
however, not lower than that found in a historical control 
cohort with clinically determined extubation readiness. 
Daily assessment of weaning readiness combined with an 
SBT reduced the duration of MV in short-term-ventilat-
ed patients, albeit without affecting reintubation rate 
[631]. Daily performance of the “RESTORE Extubation 
Readiness Test”, which amongst other parameters in-
cludes a 2-hour spontaneous breathing phase, had a PPV 
of 92% (89–95) for successful extubation [658]. Other 
predictors for successful extubation, such as an RSBI < 8 
(or < 11) breaths/min/mL/kg and a CROP (compliance, 
respiratory rate, arterial oxygenation and Pimax)-index > 

0.15 (or > 0.1) ml/kg/breaths/min, and Vd/Vt, have yield-
ed controversial results [659–667]. A more recent pro-
spective study observed that the tension-time index has a 
high predictive value for weaning success [668]. One 
problem associated with the evaluation of respiratory sta-
bility at the CPAP/T-piece junction arises from the use of 
thin paediatric tubes and the accompanying increase in 
resistance that results from the 4th power of the radius. 
Extubation often leads to a decrease in airway resistance, 
so that it can still be successful despite a negative SBT. For 
this same reason, children often become exhausted dur-
ing the SBT. On the other hand, compensating for the 
tube by increasing PSV levels for smaller endotracheal 
tubes during the SBT possibly overestimates readiness for 
extubation [669]. Therefore, no reduction in extubation 
failure could be achieved by performing standardised 
SBTs in children, suggesting that their regular use is not 
necessary. 
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5.8.5. Types of MV in Weaning
One randomised study found no difference between 

weaning with PSV, VC, or without a protocol [634]. An-
other study that included 70 children found that the dura-
tion of MV did not differ, regardless of whether PCV or 
SIMV with PSV was used [670]. A pilot study showed that 
the use of NAVA accelerates the weaning process [671]. 
Based on these limited findings, a recommendation for a 
particular mode of weaning cannot be given at this point. 
However, by way of analogy with adult medicine, the use 
of the SIMV mode in patients undergoing prolonged 
weaning is not advisable. 

5.8.6. Post-Extubation Stridor
Due to the narrow airways, stridor/ upper airway ob-

struction (UAO) is a common cause of extubation failure 
in children [129, 672–674]. Estimating the risk for UAO 
after extubation using the cuff-leak test [198, 675] or anal-
ysis of tube leakage with inflated tubes is disputed [675–
677]. Although limited by low case numbers, one particu-
lar meta-analysis reports that the prophylactic use of ste-
roids reduces the frequency of post-extubation UAO and 
possibly reduces the rate of extubation failure [678, 679]. 
Patients at increased risk (including those with long peri-
ods of MV [680], multiple airway procedures, laryngotra-
cheitis/epiglottitis, positive cuff-leak test) may benefit 
from steroid treatment prior to extubation [681]. The use 
of a helium-oxygen mixture is an additional means of re-
ducing the reintubation rate in children [682–684]; how-
ever, randomised controlled studies on this approach are 
currently lacking.

5.8.7. Tracheotomy
A tracheostomy is often indicated to enable weaning 

in infants or very young children with stenoses or malacia 
of the respiratory tract [132, 133, 685]. Due to the narrow 
airways, closure of the tracheostoma is only possible again 
when the child is of a sufficient size and has recovered 
from the underlying illness [136, 686, 687]. The rate of 
decannulation is low in patients with underlying neuro-
logical disease [688]. The use of early tracheotomy as a 
weaning strategy in severe respiratory failure such as 
childhood ARDS has received little attention. It is mostly 
only implemented for the transition of non-weanable pa-
tients to out-of-hospital MV and often only established 
after more than 60 days of MV [689–692]. Older children 
and adolescents could potentially benefit from the wean-
ing strategy of an earlier tracheotomy, which has already 
been successfully applied in adult patients [416, 693]. 
However, the results of a small retrospective study do not 

validate this notion [692]. Therefore, no general recom-
mendation regarding this approach can be made. Due to 
the narrow airways and the use of small, short tubes, the 
risk of tubal dislocation is increased. Easy recannulation 
and a stable airway without a tube may be a life-saving 
measure [694]. Therefore, tracheotomies in children need 
to be surgically epithelialised. The area around the tube 
should be subjected to regular endoscopic examination in 
order to treat granulations [695], malacia, and dilatation 
of the posterior tracheal wall at an early stage, and to 
avoid a delay in repositioning. During long-term MV, 
cuffless cannulas are imperatively better for speaking 
ability, aeration of the nasopharynx and improved swal-
lowing. In the event of high leakage and subsequent fre-
quent activation of device alarms, cannulas with high-
pressure cuffs can be inflated at night and deflated during 
the day. For definitive weaning from the tracheal cannula, 
the use of successively smaller tubes over several weeks, 
or the use of a pre-fabricated or plastically adapted tra-
cheostomy retainer in older children has proven to be 
successful if performed before the stoma is completely 
sealed with colloid bandage and surgically closed off. Clo-
sure of the tracheostoma is rarely successful in children 
under 2 years of age, due to the small size of the trachea. 

5.8.8. Non-invasive Ventilation (NIV)
NIV is successfully used for weaning children from the 

ventilator [686, 696–698]. Although the use of NIV in 
long-term weaning has been described in a small paedi-
atric cohort [686], there are no randomised studies on 
NIV in the weaning process in children outside the neo-
natal period. This means that a general recommendation 
for NIV cannot currently be made for children, even 
though NIV serves as an integral part of the weaning pro-
cess in their adult counterparts. Immediate extubation to 
NIV seems more beneficial than rescue in the event of 
extubation failure, and is recommended in anticipation 
of difficult extubation [697, 699].

5.8.9. High-Flow Nasal Cannula (HFNC)
The HFNC is increasingly used during the post-extu-

bation phase. According to randomised studies in adult 
patients, the HFNC was shown to be more advantageous 
than low-flow oxygen, but similarly as effective as NIV 
[456–458, 463]. The HFNC had no benefit in relation to 
the reintubation rate in paediatric cardiac surgery pa-
tients [700]. To date, the data situation remains too un-
certain to estimate the importance of HFNC in childhood 
weaning.
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R39: Prophylactic steroid treatment prior to extuba-
tion is suggested for children who are at an increased risk 
of developing post-extubation stridor. 

R40: Surgical epithelialisation is suggested for paediat-
ric tracheotomies, and the position of the cannula should 
be regularly monitored using endoscopy.

R41: Daily interruption of sedation is suggested for 
children to reduce the duration of MV. 

R42: Daily assessment of readiness to wean is suggest-
ed.

R43: The implementation of NIV directly after finish-
ing invasive MV is suggested for paediatric patients in 
prolonged weaning. 

6. Infrastructure and Process Organisation for 
the Care of Patients in Prolonged Weaning: A 
Continuous Treatment Concept

6.1. Introduction
The number of patients in prolonged weaning, which 

is defined by at least 96 hours of ventilation, is continu-
ously growing [701]. This is also combined with an in-
crease in the number of patients who require a prolonged 
weaning process, along with all the personal and finan-
cial implications for the health system [9] that accom-
pany it. In Germany, in August 2015 there were approx-
imately 27,500 intensive care beds [702] across 1177 hos-
pitals that offer intensive care treatment; this amounts to 
just 34 beds/1000 residents. Even though ICU patients in 
prolonged weaning play a quantitatively smaller role (ap-
prox. 10–20%) [9, 32, 38, 703–706], high demands are 
placed not only on the specialised training of medical and 
nursing personnel, but also on the infrastructure and ex-
isting resources for treating these patients. Due to the 
different clinical situations that can lead to prolonged 
weaning and the subsequent heterogeneity of the areas 
from which patients in prolonged weaning are recruited, 
the infrastructural and organisational requirements for 
the treatment of patients in prolonged weaning vary 
amongst the corresponding wards or facilities, be it an 
acute-care hospital, a specialised weaning unit, or in a  
neurological-neurosurgical early rehabilitation setting 
with MV. On the basis of this structural plurality, the de-
velopment of quality criteria is necessary to ensure that 
patients in prolonged weaning receive the required qual-
ity of treatment, regardless of the area in which the wean-
ing process is carried out. During the process of caring 
for patients in prolonged weaning, it may turn out that 
patients need to be transferred to a specialised ward, unit 

or centre; this can be due to factors such as clinical indi-
cation, lack of capacity, or because the necessary resourc-
es for prolonged weaning are not adequately reflected in 
acute medicine. Nevertheless, an increasing number of 
patients with out-of-hospital invasive MV are being 
transferred directly from the ICU to out-of-hospital in-
tensive care units (in Germany approx. 85%), without the 
indication for out-of-hospital ventilation having been 
evaluated by appropriately qualified experts in prolonged 
weaning [707]. In order to establish or maintain a high 
quality of care, patient transfer absolutely needs to occur 
under a defined transition and discharge management 
process with defined quality indicators, whereby not 
only non-clinical structures, but also specialised clinics 
or weaning centres must be included [708]. This is illus-
trated by a recommendation from the S2 Guidelines for 
“Non-Invasive and Invasive Home Mechanical Ventila-
tion for Treatment of Chronic Respiratory Failure”, 
which proposes limiting the funding of out-of-hospital 
ventilation to a maximum of 3 months in patients in 
whom the need for invasive HMV is not confirmed by an 
expert centre [3].

6.2. Acute-Care Hospital
In intensive care medicine, the treatment of patients 

usually represents a continuum, starting in many cases 
with invasive MV and multiple organ failure. With the 
restitution of individual organ functions, weaning from 
invasive MV increasingly becomes the focus of the inten-
sive care treatment, accompanied by (rehabilitative) mea-
sures to restore functionality. Therefore, as already men-
tioned in Chapter 5.1, weaning from invasive MV is in-
cluded in therapeutic planning right from the start, and 
successful weaning from MV is an integral part of the 
comprehensive therapy concepts in acute intensive care 
medicine. Furthermore, acute intensive care medicine 
plays an important role in the weaning process in terms 
of preventing long-term MV and prolonged weaning. Ac-
cording to Kastrup et al. [708] this is where the track can 
be switched to successful weaning in the so-called process 
chain of weaning. A treatment plan based on defined 
quality indicators [708] increases the chances of pro-
longed weaning being successful, even within an acute 
intensive care medicine setting (see Chapter 5.1). How-
ever, due to the current increase in the number of patients 
with invasive out-of-hospital ventilation, it is necessary, 
in addition to using a strategy to avoid prolonged wean-
ing, to create a sufficient number of appropriately special-
ised units in which patients who were primarily deemed 
“unweanable” are given another chance at weaning from 
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the ventilator before they are transferred to an outpatient 
long-term care facility. Such concepts already exist in ar-
eas including respiratory medicine, neurological/neuro-
surgical early rehabilitation, or the acute intensive care 
medicine units that have become particularly specialised 
in this kind of chronic care. 

6.3. Weaning Units and Weaning Centres
For patients in prolonged weaning (especially those in 

Categories 3b and 3c; see Chapter 3.4) who show a high 
number of co-morbidities [709], or suffer from chronic 
critical illness [710] in addition to the typical weaning is-
sues, treatment is required to take place in specialised 
units or centres with the appropriate interdisciplinary ex-
pertise of all the professional groups involved as well as 
the necessary structural prerequisites. Due to the hetero-
geneous clinical profiles of the patients and the different 
structural organisation of the hospitals and associated 
scientific societies, no single discipline can claim to be the 
sole representative of weaning units. 

The accomplishments of specialised weaning centres 
are by definition not prospectively randomly investigat-
ed, but are rather based on analyses from single centres or 
databases from networks. For example, based on an eval-
uation of the WeanNet database, it was shown that of the 
patients who were externally transferred to a WeanNet-
certified centre, 34% came from an internal medicine 
ICU, 22% from an anaesthesiological ICU, and 11% from 
a surgical ICU [38].

It was also shown that approximately 60% of patients 
could be successfully weaned from invasive MV after a 
period of prolonged weaning [38]. In addition, a signifi-
cant proportion of pneumological patients in prolonged 
weaning who suffer from chronic respiratory failure can 
be continue to be cared for in an outpatient setting after 
switching from invasive to non-invasive MV in a weaning 
centre [12].

These findings were used as a basis by the Sk2 guide-
line “Non-Invasive and Invasive Home Mechanical Ven-
tilation for Treatment of Chronic Respiratory Failure”  
[3], which define a weaning centre as centre for MV which 
specialises in patients with prolonged MV and consists of 
the following units:
•	 Intensive care unit
•	 Weaning unit
•	 Home MV unit 

However, these specifications are not equally suitable 
for all areas in which prolonged weaning takes place. Us-
ing intensive care areas of the German Society of Anaes-
thesiology and Intensive Care Medicine (DGAI) as an ex-

ample, the structure of care provision within acute inten-
sive care medicine is instead represented by a modular 
weaning concept. Depending on the different levels of 
care, the specialised intensive care and ventilation thera-
py expertise required for the prolonged weaning process 
is defined and maintained either as an integrated part of 
an intensive care unit, or on a separate weaning ward 
[711, 712].

Due to the superordinate structural organisation with-
in the different hospitals, specific services can be provid-
ed through interdisciplinary and (if necessary) inter-hos-
pital collaborations between specialists. 

6.3.1. Special Features of Paediatric Patients
In large children’s hospitals, the weaning process or 

transition to long-term MV usually takes place on the 
paediatric ICU. Specialist training in this area is desirable. 
Intermediate care with child-friendly surroundings 
would be desirable, especially for the transition to out-of-
hospital ventilation. 

The hallmarks of a specialisation in paediatric weaning 
and transition should be:
•	 Appropriate facilities for and expertise in paediatric 

intensive care medicine, in-/out-of-hospital MV, 
treatment of neuromuscular diseases, transition to 
ambulatory treatment 

•	 Experience with NIV in children 
•	 Experience in the management of tracheal cannulas, 

including an ability for performing bronchoscopy 
•	 Consultational support from ENT medicine 
•	 Paediatric thoracic surgery, radiology and gastroen-

terology 
•	 Optional: access to polysomnography lab, as well as an 

outpatient clinic for ongoing care after discharge 
The structural prerequisites are:

•	 Child-friendly surroundings 
•	 A continual presence in the clinic or availability for 

direct contact by nursing staff (due to the children’s 
potential anxieties)

•	 Teacher/activity room 
•	 School for ill children 
•	 Physiotherapy
•	 Residency for parents as well as an option for “room-

ing in”
•	 Psychological support for parents

A specialisation in paediatric prolonged weaning 
should be reflected in the corresponding number of cases 
(at least 10 cases of paediatric prolonged weaning per 
year). The following recommendations are based on the 
views of the expert group:
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R44: Existing expertise in diverse paediatric sub-disci-
plines is recommended for a specialisation in weaning 
and the transition to out-of-hospital MV. 

R45: A child-friendly environment and staff that spe-
cialises in the care of paediatric patients are suggested as 
structural prerequisites.

6.4. Early Rehabilitation
According to the position paper on interdisciplinary 

early rehabilitation, this occurs at the earliest time possi-
ble during the acute-care phase in hospital: “Early reha-
bilitation should be understood as the first link in a seam-
less rehabilitation process chain, and at the same time as 
an integral, legally-required component of hospital treat-
ment” [713]. Therefore, the early rehabilitation process in 
prolonged weaning already begins under optimal condi-
tions during the acute intensive care treatment phase, and 
is then continued in specialized early rehabilitation fa-
cilities after the acute treatment phase.

Under the same umbrella term of early rehabilitation, 
2 different systems have developed in the areas of neurol-
ogy and pulmonary medicine. This development takes 
into account the fact that the underlying neurological and 
pneumological clinical pictures require different thera-
peutic priorities and work with different time windows. 
For example, early neurological rehabilitation facilities 
are places where patients are often still in the process of 
weaning from MV, whereas early pulmonary rehabilita-
tion facilities mainly focus on further rehabilitation of pa-
tients who have already been weaned.

6.4.1. Special Characteristics of Early  
Neurological-Neurosurgical Rehabilitation
For several decades, the care of critically-ill patients in 

the neurological-neurosurgical early rehabilitation phase 
has been guaranteed by combining neurological, neuro-
surgical, intensive care and neurorehabilitative compe-
tence. The early-rehabilitation patients treated here are 
not only at risk of complications at the intensive care lev-
el, but even more so at risk of neurological or neurosur-
gical complications (e.g., increased intracranial pressure 
or epileptic seizures), which then require the permanent 
involvement of neurological and neurosurgical expertise 
in the early rehabilitation process [233]. By applying a 
therapy concept that is attuned to specific problems, a 
multi-professional team can guarantee a treatment plan 
that is geared towards activity and participation disabili-
ties. The restoration of respiratory function as well as 
successful prolonged weaning are important therapy 
goals. 

Since the outcome of neurological patients (e.g., fol-
lowing a stroke) can be improved by early transfer to an 
neurorehabilitative facility [714], the following recom-
mendation was made with strong consensus in the 2017 
S2k Guidelines for prolonged weaning in early neurolog-
ical/neurosurgical rehabilitation: “Ventilated patients 
with diseases of the central and/or peripheral nervous 
systems and/or neuromuscular diseases should be trans-
ferred as early as possible to neurological-neurosurgical 
early rehabilitation facility with expertise in intensive care 
medicine and weaning” [233].

Within the phase model of the Federal Working Group 
for Rehabilitation, neurological-neurosurgical early re-
habilitation is assigned to Phase B (see Table 23), which 
means that it takes place directly after the acute treatment 
phase (Phase A) [715]. However, according to the reim-
bursement system of the statutory health insurance com-
panies, this is a hospital-based treatment (according to 
social code § 39 SGB V) with its own procedure (Opera-
tion and Procedure Code – OPS 8–552) [716] within the 
DRG (Diagnosis-Related Groups) system.

In the meantime, there are several studies that provide 
real-life data on weaning in neurological-neurosurgical 
early rehabilitation. Based on these data it can be con-
cluded that weaning from MV is successful in 70–92% of 
cases [564, 717–719], after an average of 2–3 weeks [717, 
718]. The mortality rate ranged between 6 and 23%, where 
two-thirds of the patients died during palliative therapy 

Table 23. Phase model of the federal working group for rehabilita-
tion

Phase Description

A Acute treatment phase

B Treatment/rehabilitation phase in which intensive care 
treatment options must be maintained

C Treatment/rehabilitation phase in which the patients can 
already participate in the therapy, but still require curative 
medical measures and intensive nursing care

D Rehabilitation phase following conclusion of early 
mobilisation (medical rehabilitation in the traditional 
sense)

E Treatment/rehabilitation phase following conclusion of 
an intensive medical rehabilitation process – subsequent 
rehabilitation services and vocational rehabilitation

F Treatment/rehabilitation phase in which permanent 
support, care and/or condition-preserving services are 
required
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[564]. The data available to date suggest that the burden 
of disease has a considerable influence on weaning from 
MV [719]. Although there is no dose-response effect re-
garding the effectiveness of early rehabilitation interven-
tion, this is recommended in studies that primarily inves-
tigated non-neurological intensive care units [233].

6.4.2. Special Features of Early Pulmonary 
Rehabilitation
Pulmonary rehabilitation is also a hospital treatment 

according to § 39 SGB V, and corresponds to the OPS-
Code 8–559 in the German DRG system. In general, pa-
tients are treated here after acute MV as well as with or 
following chronic MV. Usually there is an underlying 
chronic pulmonary or respiratory muscular disease, or 
sequelae following complicated MV or prolonged wean-
ing. 

6.4.2.1. Patient Population. The German Respiratory 
Society (DGP) primarily recommends performing the 
prolonged weaning procedure in specialised weaning 
centres, and then following this phase with early pulmo-
nary rehabilitation. While almost all neurological pa-
tients (96%) who underwent early neurological rehabili-
tation are on invasive MV [718], this ratio is markedly 
lower for patients in early pulmonary rehabilitation, as 
shown in Table 24. 

According to the study by Dellweg et al. [720], a total 
of 94% of patients had previously received invasive MV, 
and in 29% of all cases, the ventilation status changed dur-
ing the early rehabilitation phase. The diagnoses that led 
to MV were distributed as follows: Infections and sepsis 
(31.1%), COPD exacerbations (24.2%), elective surgery 
(22.1%), emergency operations (8.9%), heart diseases 
(6.3%), neurological diseases (4.2%) and other pulmo-
nary diseases (not COPD, 3.2%). The overall mortality 
rate of 4.2% during rehabilitation indicates the severity of 
the disease.

In general, patients undergoing prolonged weaning 
both in the long phase of their acute illness and in the 

prolonged weaning phase, experience a variety of func-
tional limitations that can persist for some time after their 
stay in the ICU. These mainly include functional sensory 
and neurocognitive deficits. Muscle weakness that is ac-
quired during the ICU stay (ICUAW) worsens the long-
term mortality rate, increases the 1-year risk of mortality 
and is accompanied by an increased use of resources [67, 
116] (see Chapter 4.5). Patients who already experienced 
delirium on the ICU (ICU-delirium) have significantly 
lower activity-of-daily-living (ADL) scores, as well as 
poorer motor and sensory function after one year, in 
comparison to patients who did not have ICU-delirium 
[721]. From a pneumological perspective, it is important 
that motor weakness is not just limited to the trunk mus-
cles, but also affects the respiratory muscles to at least the 
same extent [120]. In this respect, Dellweg et al. showed 
that the outcome after early pneumological rehabilitation 
in terms of mobility (walking distance) and ADL scores 
(FAM (Functional Assessment Measure)/Barthel-Index) 
is comparably good for patients without MV versus those 
with non-invasive and invasive MV [720]. Another im-
portant component from a prognostic and therapeutic 
point of view is the perception and treatment of dyspha-
gia (see Chapter 5.6.1.5) [722].

6.4.2.2. Neuromuscular Spontaneous Breathing Capac-
ity in Early Rehabilitation. Persistent respiratory muscle 
weakness occurs more often than peripheral muscle weak-
ness after prolonged weaning. Dres et al. [120] detected 
diaphragmatic dysfunction in 92% of difficult-to-wean 
patients, whereas ICU-AW was only present in 46% of 
these patients. For patients in prolonged weaning, the cor-
responding rates actually reached 100 and 50%, respec-
tively [120]. This underscores the importance of monitor-
ing, diagnosing and treating respiratory muscle function 
independently. As in weaning, the goal of pulmonary ear-
ly rehabilitation continues to be the improvement respira-
tory muscle competency and the minimisation of respira-
tory muscle loading. In this context, the type of ventila-
tory support may well change during the rehabilitation 
phase, as evidenced in Table 24. Whether NIV remains 
necessary during the patient’s convalescence can only be 
determined by a withdrawal attempt. This attempt should 
be evaluated at least 7, but preferably 14, days after a MV-
free period, since renewed decompensation following suc-
cessful NIV can take a relatively long time [723]. In a co-
hort of hypercapnic COPD patients who were treated with 
NIV during early rehabilitation, it could be shown that 
besides an increase in walking distance, there was also a 
reduction in CO2 values, suggesting an improvement in 
respiratory pump endurance [724]. However, this study 

Table 24. Distribution of the patients (n = 190) in early pulmonary 
rehabilitation according to ventilation status and (where relevant) 
ventilation interface [720]

Ventilation status On admission, % At discharge, %

Invasively ventilated 11  5 
NIV 38  44 
No MV 51  51 

https://www.thieme-connect.de/products/ejournals/html/10.1055/a-1010-8764#JR006-721
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also showed that additional inspiratory muscle training 
(IMT) can once again significantly lengthen walking dis-
tance and increase respiratory muscle strength and power 
[724] (also see Chapter 5.6.1.6.1). IMT can also be carried 
out with a tracheal cannula in place. Bissett et al. [575] 
showed in a cohort of weaned patients who were still tra-
cheotomised that respiratory muscle strength and quality 
of life had significantly increased in the group of patients 
who received IMT therapy.

6.4.2.3. Transition from Pulmonary Early Rehabilita-
tion. The spectrum of findings related to early pneumo-
logical rehabilitation is very broad, ranging from contin-
ued dependence on invasive MV with a high level of nurs-
ing care, to occupational reintegration.

Therefore, the Phase B rehabilitation period should 
consist of continuous, individualised check-ups in order 
to identify any further rehabilitative steps that are indi-
cated for the patient. The associated applications for 

funding should be submitted to the relevant agencies in a 
timely manner. The S2k “Guidelines for Non-Invasive 
and Invasive Home Mechanical Ventilation for Treat-
ment of Chronic Respiratory Failure” contain further de-
tails regarding the logistics of managing the transition of 
invasively-ventilated patients [3]. In patients with patho-
gens that require isolation, the organization of further 
disposition or rehabilitation measures is especially prob-
lematic and protracted. The same applies for patients on 
non-invasive and (especially) invasive ventilation. This is 
also where the cost bearers should be included at an early 
stage of planning [720].

6.5. Management of Transition and Discharge
The transition process is schematically presented in 

Figure 8.
In the process chain of prolonged weaning, it is essen-

tial that the discharge phase is managed adequately and 

Establish requirement for invasive home mechanical
ventilation and obtain written consent 

Customise ventilator for home
use, if necessary with creation of
surgical tracheostoma; plan secretion
management; if necessary, insert permanent
dialysis catheters, if necessary insert PEG/PEJ
Determine medical aid requirements       

Prepare letter of discharge
Organise patient transport
Set up ventilation device

Make follow-up  appointment 

Cost approval by health insurance company

Discharge meetingAssemble transition team

Recruitment:
• Home nursing care
• Physician for home medical care
• Physician for home mechanical ventilation
   Provisions:
• Medical aids
• Nursing care
• Therapists
• Support measures

 

• Have discussions with patient/legal guardian and relatives/
   caregivers
• Evaluate home environment and implement any necessary
   modifications
• Transfer information to subsequent treating physician and
   HMV centre
• Instruct and train nursing staff , lay helpers, transport service
   workers, and (if necessary) dialysis centre staff          

Discharge

Follow-up call
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Fig. 8. Chronological sequence of events in transition and discharge management [rerif].
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that monitoring of the process includes an evaluation for 
another attempt at weaning in cases where the potential-
ly reversible causes of weaning failure show improvement 
[3, 708]; this allows a reduction in the number of out-of-
hospital invasive MV cases that are not/no longer indi-
cated.

This particular approach is imperative, especially be-
cause expertise in MV or in  handling trachael cannulas 
cannot invariably be provided by physicians in private 
practice [3]. Competency in NIV is essential for a wean-
ing centre/unit; however, when this expertise cannot be 
provided by the weaning centre itself, an inter-hospital 
collaboration with another centre with appropriate ex-
pertise is an alternative. In this instance, it is particularly 
important that indications for the initiation of NIV and 
the management of discharge all work in temporal cohe-
sion with the weaning process. Experience has shown that 
problems often occur at these interfaces when geograph-
ical distance exists. More details on the indication pro-
cess, as well as the initiation, technical aspects and transi-
tion into out-of-hospital ventilation can be found in the 
S2k Guideline [3].

6.6. HMV and Follow-Up Care after Prolonged 
Weaning
After discharge from hospital, a considerable propor-

tion of patients in prolonged weaning require intensive 
and chronic medical care, possibly with long-term nurs-
ing care, due to persistent ventilatory insufficiency that 
requires extra-hospital ventilation, or because of an on-
going need for a tracheal cannula. This means that the 
management of discharge in these patients is highly de-
manding, not only because the correct medical aids must 
be prescribed, but also because there needs to be a con-
nection to the appropriate medical, therapeutic and nurs-
ing aftercare measures at the time of discharge. The per-
son responsible for this is the discharging hospital physi-
cian [3].

The liberation of remote treatment was agreed upon 
on the so-called “Doctors Day” (in German language: 
“Ärztetag”) in 2018 [725]. With the aid of telemedicine 
resources such as teleconference-based visits and appro-
priate contractual solutions for intersectoral collabora-
tion, experts in outpatient MV working in centres for MV 
and/or weaning will be able to support physicians in pri-
vate practice, as well as nursing personnel and patients in 
the outpatient sector. Even patients who have undergone 
prolonged weaning can benefit from this approach. Reg-
ular televisits from a centre for MV and/or weaning can 
identify patients with weaning potential, and guide them 

towards a renewed weaning attempt in a timely manner. 
In addition, televisits between intensive care units, reha-
bilitation clinics and specialized weaning centres could 
support the process of establishing indications for inva-
sive out-of-hospital MV, and allow interdisciplinary con-
ferences to become a mandatory element of discharge 
management.

6.6.1. Category 3a I: Successful Weaning with 
Decannulation
Many patients in this category suffer from a number 

of severe diseases that require intensive medical care, 
even after successful weaning; therefore, ongoing ambu-
latory medical care needs to be ensured. In patients with 
a loss of autonomy and a subsequent nursing care depen-
dency, ambulatory or nursing care should be arranged if 
rehabilitation therapy is not indicated. 

6.6.2. Category 3a II: Successful Weaning without 
Decannulation
Patients in this category often have a severe neuropsy-

chological deficit such as that accompanying brain injury, 
dementia or Parkinson’s disease. The ongoing need for a 
tracheal cannula usually results from dysphagia with an 
aspiration tendency and accompanying cough insuffi-
ciency. Those affected are characterised by a pronounced 
loss of autonomy with a high need for care, making inde-
pendent care almost impossible. In addition to suction-
ing, tracheal cannual exchange and tracheostomal care, 
there is often the need for gastrostomal care, enteral nu-
trition and excretion control. The extent of autonomy 
loss determines the intensity of nursing care, the level of 
nursing qualifications, and the configuration of medical 
aids and instruments for monitoring. Continued physio-
therapy, occupational therapy, and speech therapy can 
enable decannulation in the long term in some of these 
patients after all, thus underscoring the importance of ac-
cess to medical specialists and suitable therapists for fur-
ther therapy planning. 

Another group of patients in this category is affected 
by an obstruction of the upper airways, glottis or trachea. 
If their autonomy is maintained, these patients may be 
able to learn the tracheal cannula care process themselves, 
or can be assisted by their caregivers (similar to cannula 
care after laryngectomy). If the loss of autonomy is due to 
functional motor impairment or cognitive deficits, these 
patients not only require specialist medical care for the 
causal disorder, but also the provision of suitable aids and 
nursing care, as well as a stable tracheostoma.
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6.6.3. Category 3b I: Successful Weaning with Long-
Term NIV, without the Need for Supplementary 
Nursing Care
Patients with persistent respiratory failure after pro-

longed invasive ventilation can be stabilised in the long-
term by means of mostly intermittent NIV, such that the 
initiation of NIV is indicated before discharge from hos-
pital. The choice of medical aids is the responsibility of 
the prescribing doctor. The selection and adaptation of 
ventilation accessories purely through medical suppliers 
is strongly unadvisable. Affected patients who have re-
tained their autonomy can receive intensive instruction 
in the clinic on the use of the required aids and devices, 
so that they can carry out the MV independently at home. 
For medical aftercare of patients with NIV, a long-term 
association with an appropriate centre for MV/weaning 
should be established. Further details on this topic are 
available in the S2k Guideline, “Non-Invasive and Inva-
sive Home Mechanical Ventilation for Treatment of 
Chronic Respiratory Failure” [3].

6.6.4. Category 3b II: Successful Weaning with 
Long-Term NIV, with the Need for Supplementary 
Nursing Care
Patients with motor dysfunction or cognitive deficits 

potentially require assistance with NIV. In cases of slight 
loss of autonomy and intermittent, non-life-sustaining 
NIV, such help can be provided by caregivers or nursing 
staff who do not require additional special qualifications, 
but have been appropriately trained (e.g., putting on and 
taking off the mask, operating the ventilator, cleaning the 
accessories). In cases of high-grade loss of autonomy with 
the constant need for a carer during NIV, the affected pa-
tients are reliant on the support and permanent commit-
ment of specially-trained personnel (e.g., removal of 
mask during coughing, dyspnoea or vomiting). Life-sus-
taining NIV can only be performed in the outpatient set-
ting if a specially-trained person or skilled nurse is con-
stantly present. The prescribing physician is responsible 
for evaluating the intensity of care required, as well as the 
need for specially trained personnel and, if necessary, the 
training of out-of-hospital care providers. This means 
that the indication and initiation of non-invasive outpa-
tient MV with high care requirements should be carried 
out by a weaning or HMV centre with appropriate exper-
tise. Under no circumstances should non-invasive outpa-
tient MV be considered as a continuation of intensive 
care medical treatment. The regular or frequent presence 
of a physician, apparatus-based examinations or invasive 
therapy procedures cannot be guaranteed in the outpa-

tient setting. For the care of patients with pronounced 
respiratory failure who require intensive nursing care, the 
prerequisites for discharge and the requirements for the 
doctors, nursing/medical aid staff and therapists provid-
ing ongoing support, are similar to those used in invasive 
HMV. This topic is discussed in detail in the S2k guide-
lines for non-invasive and invasive HMV for the treat-
ment of chronic respiratory failure [3].

6.6.5. Category 3c I: Unsuccessful Weaning with 
the Continuation of Invasive MV in the Outpatient 
Setting
The prerequisites, course and aftercare associated with 

invasive home MV are presented in detail in the Sk2 
Guideline, “Non-Invasive and Invasive Home Mechani-
cal Ventilation for Treatment of Chronic Respiratory 
Failure.” [3].

Due to the far-reaching consequences for the patient 
and its relatives and supporting community, the diagno-
sis of weaning failure should be made by a physician ex-
perienced in MV and weaning, before invasive HMV is 
initiated for the first time. When establishing an indica-
tion, ethical aspects and the patient’s willingness to re-
ceive comprehensive information must be considered in 
addition to medical facts [708] (also see Chapter 7). The 
extent of nursing care is very high, and in many regions 
home-based care is rarely achievable due to the lack of 
nursing capacity. Due to the reduced number of staff, care 
in a specialized nursing facility is associated with an ad-
ditional loss of autonomy, which should be taken into ac-
count when informing the patient. Due to the difficulties 
involved in transporting invasively-ventilated patients, 
medical home visits are necessary to ensure adequate 
medical care, and must be arranged before discharge 
from hospital. Due to this complex care situation as well 
as the different medical and nursing requirements for dif-
ferent clinical profiles or multimorbidity, invasive out-of-
hospital ventilation should therefore, if possible, be initi-
ated in a weaning or home MV centre. Such a centre can 
determine the feasibility of a particular treatment, take 
over the regular medical follow-up of these patients, and 
is available on an advisory basis for doctors in private 
practices. Quite a few of the affected patients can actually 
still develop weaning potential in due course, especially 
in cases of underlying muscle weakness after long-term 
intensive therapy, VIDD, stabilisation of co-morbidities, 
or regression of dysphagia. Regular assessment by experts 
is indispensable for recognising this potential, as well as 
for the targeted prescription of supportive physiotherapy 
or speech therapy. However, given the lack of scientific 
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evidence, and for reasons of patient safety, weaning from 
the ventilator in the outpatient setting is obsolete [13, 
726]. This is because weaning often requires invasive di-
agnostic and therapeutic measures that are usually not 
available in the out-of-hospital setting.

6.6.6. Special Features of Paediatric Patients
In the event of definitive weaning failure, the further 

prospect of long-term MV should be determined on an 
interdisciplinary basis, both in the best interest of the 
child and in close collaboration with the parents [727]. It 
is often the case that non-invasive home MV is sufficient 
for young children and infants [728]. When starting long-
term MV, the treatment time on the ICU should be lim-
ited [729] and the family should be incorporated into the 
care process early on. Further details for this transition 
process can be found in [3]. In addition to this medical 
care, the family’s ability to cope with the stress and the 
space available at home needs to be taken into account. 
During the ventilation periods, at-home care must be 
provided by a specialised nursing service or, if necessary, 
through trained lay helpers. Children undergoing life-
sustaining MV should be supplied with at least 2 ventila-
tor devices that can be adapted to paediatric physiology, 
as well as at least 2 suction devices. Pulse oximetry is in-
dicated for monitoring during ventilation, while ECG 
monitoring is only carried out if there is a cardiological 
indication. An end-expiratory CO2 measurement may be 
necessary in rapidly changing ventilatory conditions, 
such as those occurring during frequent seizures or tem-
perature instability [730, 731]. Further details on the 
medical, nursing and technical aspects of home-based 
care of long-term ventilated children can be found in [3].

In addition to medical treatment, the home-based 
nursing care of ventilated children should also focus on 
their overall development [732–734]. Appropriate mea-
sures for this aspect should already be a part of the dis-
charge management process during the transition phase. 
Participation in special or regular kindergartens and 
schools is desirable even in ventilated children, although 
this can only be achieved with individual support. This 
linking of nursing and natural healing measures results in 
the need for a high number of personnel. Any addition-
ally required support measures such as physiotherapy, 
occupational therapy, or speech therapy must be deter-
mined by the appropriate support agencies or social pae-
diatric centres [732, 735].

Specialised care facilities can take over the role of car-
ing for the child when care cannot be provided by the 
family itself. In addition to providing medical care, these 

facilities should ensure that children are supported on 
various levels. The prerequisites for this are child-friend-
ly surroundings, reliable contact persons and appropriate 
support services. This can usually only be provided by 
facilities with appropriately trained staff that specialise in 
both childcare and long-term MV [3]. After being dis-
charged to a home MV setting, children should be pre-
sented for regular check-ups at an MV centre with experi-
ence in paediatric ventilation; this allows not only for the 
adjustment of the ventilation settings in accordance with 
the altered physiological changes that occur due to 
growth, but also for weaning potential to be monitored, 
if necessary [733]. Predominantly ambulatory weaning 
that takes place in close conjunction with a specialised 
weaning centres has been described in the ambulatory 
setting in several publications [736, 737]. Long-term 
weaning is often a process that takes place over years 
[687].

6.7. Structural and Procedural Quality Requirements 
in Prolonged Weaning
There are different catalogues of requirements and 

certifications (DGAI certificate and WeanNet certificate 
of the DGP) for the structural and procedural quality re-
quirements of units specialising in weaning [604, 711, 
712, 738]. In addition, the special features of patients in 
the neurological-neurosurgical early rehabilitation phase 
need to be taken into account, which makes the integra-
tion of neurological and neurosurgical expertise indis-
pensable [233] (regulated by OPS 8–552, DIMDI OPS-
Version 2018).

Due to different existing concepts, this guideline delib-
erately refrains from providing more detailed informa-
tion on the structural organisation of the weaning unit; 
however, some of the requirements mentioned below 
should be fulfilled by a weaning unit or centre for patients 
in prolonged weaning.

6.7.1. Requirements for Weaning Units or Weaning 
Centres
The following general requirements should be met by 

specialised wards that treat patients in prolonged wean-
ing:
•	 A sufficient case number of patients treated in weaning 
•	 A team of personnel comprising an adequate number 

of medical and nursing staff that meets the require-
ment of an ICU. Deviations from this may be possible 
in patients with ventilation-dependent paraplegia.

•	 Competence in intensive care medicine, especially re-
garding ventilation during the weaning process as well 
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as the complications that are frequently observed dur-
ing the course of weaning 

•	 Competence in the diagnosis and treatment of under-
lying and accompanying illnesses, due to the frequent, 
multiple co-morbidities that can occur

•	 Competence both in MV medicine and adjunctive 
measures, in order to provide the patient with the best 
chance of being weaned from invasive MV at the least

•	 Early engagement of the various professionals in-
volved in weaning, such as physiotherapists, and 
speech, respiratory, and occupational therapists 

•	 Competence in the diagnosis of chronic respiratory 
failure, potentially with the initiation of NIV after for-
mal successful completion of weaning

•	 Establishment of structures for a cross-sectoral, inter-
disciplinary care of patients in prolonged weaning 

6.7.2. Number of Treated-Patient Cases
A prerequisite for maintaining sufficient competence 

in the treatment of this often very complex group of pa-
tients is sufficient practice and experience, which is why 
a minimum number of 20 patients categorised to Group 
3 need to be treated each year (DGAI requirement) (See 
Table 1 for group classification). According to the criteria 
catalogue for certification in WeanNet, 40 patients per 
year need to be treated in order to qualify (DGP require-
ment) [604].

6.7.3. Staffing Requirements
Recommendations regarding the number of nursing 

staff for intensive care and weaning wards have been pub-
lished by various professional societies (please refer to the 
corresponding professional associations for official rec-
ommendations). This varies according to the specific cir-
cumstances of the area in which prolonged weaning is 
carried out. The transfer of tasks to the associated profes-
sional groups (physiotherapy, respiratory therapy and 
speech therapy) should be taken into account.

According to the DIVI and the DGAI, a specialist with 
expertise in intensive care medicine or a specialist with an 
additional qualification in intensive care medicine, re-
spectively, should be present during core working hours.

In contrast to the acute medicine setting, a medical 
3-shift model is not absolutely necessary within the realm 
of the weaning unit. However, a medical shift model does 
need to be implemented in cases involving a high inten-
sive care effort (e.g., with higher patient number).

The specifications for the nursing-patient ratio are 
regulated through the DGP- and DGAI-based criteria for 
certification of a weaning unit [604, 712, 738].

A useful approach in prolonged weaning is an inter-
disciplinary one that integrates various branches includ-
ing physiotherapy, occupational therapy and speech ther-
apy, as well as respiratory therapy and psychological 
counselling. This is why specialists from these various 
professions are also recommended. 

6.7.4. Medical Expertise
Due to the polymorbidity and disease severity of ven-

tilated patients, the medical expertise of a weaning unit or 
centre should entail a high degree of knowledge in inten-
sive care medicine, vast experience in treating the under-
lying and accompanying diseases, and an awareness of 
their course and prognosis (see Chapter 7). This expertise 
is usually only guaranteed within an interdisciplinary 
team. The minimum standard for weaning centres under 
different management should be the qualification of the 
head supervisor as a specialist physician with an extra 
qualification in intensive care medicine.1

With regard to the special requirements in the fields of 
spinal cord transection and neurological-neurosurgical 
early rehabilitation, please refer to the relevant literature 
[233, 739].

Furthermore, the presence of medical and nursing 
personnel with experience in intensive care medicine 
needs to be guaranteed on a 24-h basis in the treatment 
unit. Regarding the qualification of nursing staff in inten-
sive care units, a sufficient number of staff with specialist 
training should be aimed for [38, 604, 711, 712].

According to the WeanNet survey, the mortality rate 
in the weaning process is 14.9%, which corresponds to a 
total of 1,027 out of 6,899 patients [38]. Many multimor-
bid patients, who are usually elderly with frequent com-
plications (including those caused by infections or co-
morbidities), thus confront the weaning centre team with 
palliative medical issues. Appropriate expertise in dealing 
with terminally-ill patients must therefore be made avail-
able (see Chapter 7.1.2).

1	 The topic of professional qualification in intensive care medicine for the 
head of a weaning unit was discussed in detail by all participants at the 2nd 
consensus conference on 31.01.2018. The majority of delegates from the pro-
fessional associations involved in the revision of the guideline argued that the 
head of a weaning unit or centre should be a qualified medical specialist with 
an additional qualification in intensive care medicine. The German Society 
for Neurorehabilitation (DGNR) countered this argument with reference to 
the guideline “Prolonged weaning in neurological-neurosurgical rehabilita-
tion.” [233]. At the end of the discussion, 17 out of 18 voters voted (with 1 
dissenting vote) in favour of the statement that the head of a weaning unit or 
centre should be a qualified medical specialist with an additional qualifica-
tion in intensive care medicine.
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6.7.5. Technical Set-Up
The technical set-up corresponds structurally to that 

of an intensive care unit, albeit with specific require-
ments; these include the promotion of a day-night 
rhythm, and sufficient space and equipment for early and 
intensive physiotherapy. Another particularly important 
point is NIV, whose importance in weaning is also dis-
cussed in the S3 guideline “Non-invasive Mechanical 
Ventilation in Acute Respiratory Failure” [16]. NIV plays 
a decisive role in prolonged weaning with frequent, per-
sistent weakness of the respiratory pump, not only to re-
duce the number of patients who are on invasive MV 
when they are discharged to an outpatient facility, but 
also for humanitarian and financial reasons. According to 
data from WeanNet [38], approximately 19.4% of pa-
tients who are weaned in a pulmonary medical centre are 
discharged with NIV. Therefore, ventilators must be 
made available for NIV at home, in order to allow patients 
to adapt to them. An adequate supply of masks (nasal, 
nose/mouth and face masks), equipment and possibly ac-
tive or passive humidification is essential for performing 
NIV correctly. More details on the technical require-
ments and set-up for both non-invasive and invasive 
HMV can be found in the S2k Guideline, “Non-Invasive 
and Invasive Home Mechanical Ventilation for Treat-
ment of Chronic Respiratory Failure.” [3]. Furthermore, 
the catalogues of requirements can be found in the DGAI- 
and DGP-formulated lists of specifications for certifica-
tion [38, 604, 711].

Due to the epidemiology of the population and the 
high proportion of significantly overweight patients in 
the prolonged weaning group, special beds and chairs 
need to be made available for obese patients (weight-
bearing capacity of up to 220 kg, even higher if the focus 
is on severely-obese patients). In some cases, special beds 
with a higher weight-bearing capacity are also required 
(usually on a daytime-lease basis). Walking frames that 
are specially approved for patients in this weight category 
are also desirable. A technical set-up with aids for early 
mobilisation is not only necessary for neurorehabilitation 
units and spinal cord transection centres, but also for oth-
er weaning units, since mobilisation is supported or even 
enabled in the first place through the use of aids such as 
bed pedal exercisers and vibration plates.

Regarding secretion management, different devices 
such as oscillating and non-oscillating PEP systems, me-
chanical in-/exsufflators and bronchoscopy equipment 
should be provided according to the recommendations 
outlined in the corresponding chapter of this guideline 
(see Chapter 5.6.1.4). 

6.7.6. Room Facilities
There are 2 important aspects regarding the set-up of 

patient rooms, especially for planning a new weaning 
unit:
•	 Room size 
•	 Maintenance of a day-night rhythm 
•	 Single rooms with sufficiently large dimensions are ad-

vantageous for several reasons:
•	 Although exact figures are not available, a large pro-

portion of patients in prolonged weaning is colonised 
with multi-resistant pathogens; therefore, these pa-
tients often need to be cared for in isolation (see Chap-
ter 5.1.6) 

•	 Space is also required for the sometimes complex care 
of patients, as well as for their mobilisation (e.g. bed 
pedal exerciser, wheeled walking frame, mobilisation 
whilst on invasive MV etc.) 

•	 In addition, patients can occasionally suffer from de-
lirium or are considerably altered psychologically dur-
ing the course of the disease, such that occupying a 
room with several other patients is unfavourable 
Since the day-night rhythm is an important adjunctive 

measure in the treatment of patients, the installation of 
special lighting can provide significant support for the 
therapeutic measures mentioned in Chapter 5.6.3 [740, 
741].

Cross-sectoral outcome data for prolonged weaning 
are generally lacking. Previous studies have shown that it 
is relatively easy to compile outcome data, especially that 
on the success rate of the weaning process in relation the 
underlying disease and the pre-ventilation time. It is 
strongly recommended that each weaning centre/unit 
carries out such outcome analyses (in a network, if pos-
sible). Models are available for this purpose [742]. Data 
from WeanNet show, for example, that about 60% of the 
prolonged-weaning patients who are transferred to a re-
spiratory weaning centre can be successfully weaned 
while avoiding further invasive MV; around 20% of these 
patients with chronic respiratory failure were discharged 
with NIV at home [38].

R46: After the completion of weaning in patients with 
relevant underlying or accompanying illnesses, diagnos-
tics for the presence of chronic respiratory failure are rec-
ommended during the stay on the ICU. Follow-up mea-
surements are recommended for the appropriate indica-
tions. 

R47: In cases of chronic respiratory failure, it is recom-
mended that the patients are offered NIV after primarily 
successful prolonged weaning, and that this is initiated 
with consent. 
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QI4: After the completion of weaning in patients with 
relevant underlying or accompanying diseases who are at 
risk of ventilatory insufficiency, diagnostics for the pres-
ence of chronic respiratory failure are carried out upon 
discharge from the ICU or weaning unit/centre, and a 
renewed evaluation is recommended to the doctor pro-
viding ongoing care (Number of patients in whom diag-
nostics for the presence of chronic respiratory failure 
were performed/ Number of patients in whom diagnos-
tics for the presence of chronic respiratory failure would 
have been indicated ×100). 

7. Therapy Decisions for the End-of-Life Phase

7.1. Issues
Patients are increasingly surviving intensive care treat-

ment with irreversibly dependent on a life-supporting de-
vice such as a ventilator. In other instances, intensive care 
treatment is only survived with severe psychological and 
physical deficits, which can mean considerable impair-
ment to the patient’s quality of life and a significant, on-
going burden for the relatives [743].

In the face of a poor prognosis, not only for the short-
term but also the long-term, the indication for continuing 
long-term MV in this particular patient collective must 
always be consistently examined in terms of the expected 
quality of life of each individual patient.

The decision to alter the therapeutic goals (such as ter-
minating ventilation therapy) can be justified by taking the 
ethical aspects into account and critically examining the re-
quirements for the treatment measure to be permissible. 

7.1.1. Ethical Consideration
A permissible treatment measure must fulfil 2 require-

ments:
•	 There is a medical indication for initiating or continu-

ing the therapy according to the treating physicians.
•	 Performing the treatment corresponds to the patient’s 

wishes 
If the treatment measure under consideration meets 

both requirements, the treatment must be initiated or 
continued. If one of the 2 prerequisites is not met, a 
change in the therapeutic objective and the limitation of 
the therapy are not only permitted, but even deemed nec-
essary [744]. 

A medical indication represents the professionally jus-
tified opinion that a treatment measure (e.g., prolonged 
weaning therapy) is suitable for achieving a specific ther-
apeutic goal with a certain probability. Therefore, an in-

dication can only be established if a therapeutic goal was 
previously defined [744].

In the first step, the planned measure (i.e., prolonged 
ventilation therapy) is examined based on as much evi-
dence as possible in order to determine whether it is fun-
damentally suitable for achieving the desired therapeutic 
goal. This gives rise to the question of whether the illness 
can be successfully treated with the intended therapy.

In the second step, it is established whether the planned 
measure is also suitable for helping the patient in his/her 
particular situation. This gives rise to the question of 
whether a particular patient with a particular illness that 
has a specific degree of severity and prognosis can benefit 
from this therapy [744].

Indicated therapeutic measures are offered to the pa-
tient. If an indication appears doubtful, the offer is then 
critically and openly discussed with the patient or legal 
guardian. Non or contra indicated measures may neither 
be offered nor performed [744]. 

Being able to agree on the therapeutic goals is an im-
portant part of the doctor-patient relationship. In order 
to obtain a profile of the patient that is as comprehensive 
as possible, the intensive care physician not only takes 
medical history and findings into account, but also draws 
on existing knowledge and individual patient-related 
factors (e.g., known treatment preferences, personal val-
ues, religious beliefs, age). For patients with a doubtful 
prognosis, this process usually results in different thera-
peutic goals, which can tend to be either curative or pal-
liative. All those involved in the treatment must jointly 
clarify whether the therapeutic goals can be credibly 
achieved. The interdisciplinarily developed therapeutic 
goals must now be communicated to the patient or to his/
her representative in order to enable a joint decision. All 
therapeutic goals should be presented and discussed in 
detail. The final binding decision about the desired ther-
apeutic goals is made by the patient or his/her represen-
tative [744].

In order to be able to make a suitable decision, a super-
visor is appointed as soon as possible. If a patient is unable 
to provide consent and therefore has a legal guardian, the 
legal guardian (healthcare proxy or appointed caregiver) 
makes the decision. 

The patient’s wishes are determined and documented 
as follows:
•	 The wishes stated directly by the patient 
•	 The written advance healthcare directive of the patient
•	 The presumed wishes of the patient 
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7.1.2. The Question of the Purpose of Treatment
During the treatment process, the question of whether 

the therapy has a purpose should be regularly addressed. 
This pertains to whether a therapeutic goal, as well as the 
diagnostic, therapeutic or nursing measures that depend 
on it, are meaningful. This question cannot be answered 
objectively, but requires reversion to individual and sub-
jective assessments such as those relating to the signifi-
cance of life, death and suffering, or to the quality of life, 
or life goals and plans. This recourse occurs both intui-
tively and in the form of a considered rational process 
[743]. 

Actions or states acquire a purpose by attaching sig-
nificance to them in order to achieve (life) goals. Ethical 
action is based on the principle of “primum non noce- 
re” – first of all, do no harm.

What appears to one person as a meaningful sustain-
ment of life can be considered by the next as an agonising 
prolongation of the dying process. Examining the useful-
ness of a measure thus allows the result that this same 
measure is deemed “useful” or “pointless”, depending on 
the point of view.

The question of appropriateness contains two compo-
nents: purpose rationality and value rationality. Both can 
be considered and discussed separately.

Purpose rationality describes the suitability of a mea-
sure for achieving a certain goal (Example: treating an 
infection with antibiotics). In this respect, a medical or 
nursing measure makes sense if there is sufficient experi-
ence or evidence to suggest that this measure can bring 
about a successful treatment with a certain probability. 
On the contrary, a measure has value rationality if it is 
able to appropriately express or emphasise certain basic 
moral values (Example: helping a patient with an infec-
tious disease). 

Therefore, if the appropriateness of a measure has to 
be assessed, it is necessary to address questions such as the 
value of the intended therapeutic goals, the significance 
of suffering and illness, the subjective factors of the qual-
ity of life, and the importance of professional help or fam-
ily support. The assertion that a measure is reasonable 
hence includes an assessment of both its rationality of 
purpose (it is technically reasonable) and its rationality of 
value (it is humanly appropriate) [743]. 

The following questions must be addressed when eval-
uating the appropriateness of treatment concepts or mea-
sures:
•	 Can the desired therapy goal be achieved according to 

professional assessment?
•	 Is this therapeutic goal desired by the patient?

•	 Are the burdens experienced during treatment justi-
fied from the patient’s perspective by the quality of life/ 
life perspective that can be attained? 
Therapy goals or concepts must therefore be ques-

tioned if:
•	 the desired therapy goal cannot be achieved, 
•	 or this therapy goal is not covered in the patient’s ad-

vance directive 
•	 or the resulting quality of life/life perspective does not 

justify from the patient’s perspective the burdens ex-
perienced during treatment 
In this context, it is explicitly advised that patients who 

have not been successfully weaned off the ventilator (i.e., 
those who continue to be highly dependent on ventila-
tion) must expressly consent – as far as it is possible – to 
the transition to home MV. It is therefore necessary to 
determine the patient’s wishes in each case. On the other 
hand, an evaluation of the patient’s wishes based on the 
treatment team’s own values must not determine the 
course of action. In cases of the patient being unable to 
give consent, it is usually the task of the legal representa-
tive or caregiver to determine and assert the patient’s 
wishes. If this approach does not correspond to the pa-
tient wishes, consideration must be given to ceasing MV 
accordingly. 

It sometimes happens that the therapeutic goals 
deemed achievable from a medical point of view are not 
supported by the patient because they do not correspond 
to his/her idea of a good life. It is also possible that a ther-
apeutic goal is not pursued by the patient because he/she 
does not want to take on the burden of the necessary 
treatment. In both cases the treatment appears pointless 
from the perspective of the patient and should therefore 
not be carried out.

The treatment team must be aware that beyond medi-
cal findings and criteria, there are patient-specific evalu-
ations that call into question the appropriateness of a 
medically indicated therapy; these include the idea of a 
successful life and worthy death, the meaning of death, 
individual life goals, and aspects of quality of life. 

In any case, before terminating life-prolonging mea-
sures based on this kind of patient self-assessment, it 
must be ensured that this decision is not reached during 
a disease-related or temporary mood state. In case of any 
doubt, an independent professional assessment should 
take place (e.g., by a psychiatrist) [743].

7.1.3. Legal Requirements
Regardless of the type and stage of disease, written ad-

vance healthcare directives or living wills have been le-
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gally binding in Germany since September 1st 2009, if the 
stipulations contained therein apply to the current living 
and treatment situation, and there are no indications that 
the person concerned has altered his/her decision in the 
meantime [745]. The caregiver checks whether the speci-
fications outlined in the advance directive pertain to the 
current living and treatment situation; if this is the case, 
the caregiver then has the role of expressing and asserting 
the patient’s wishes [745].

The treating physician determines which measure is 
indicated with respect to the overall condition and prog-
nosis of the patient, and then discusses this measure with 
the caregiver, using the patient’s wishes as a basis for the 
decision to be made.

If no advance directive is available, or if the details of 
the advance directive do not pertain to the current living 
and treatment situation, then the caregiver must establish 
the presumed wishes of the patient and then use these as 
the basis for his/her decision [745]. At this point, the 
treatment wishes expressed by the patient play an impor-
tant role, while ethical and religious convictions as well as 
other moral concepts also need to be taken into account. 
Although anchored in law, current clinical practice de-
votes too little attention to treatment wishes that have al-
ready been expressed [745].

Once the presumed wishes of the patient have been 
established, close relatives and confidants of should be 
given the opportunity to express their views, provided 
this doesn’t lead to considerable delay [745].

In recent decades, so-called medical paternalism has 
been increasingly abandoned in favour of participatory 
decision-making based on informed consent. Legal rep-
resentatives are often overwhelmed by end-of-life deci-
sions, as they have difficulty assessing the medical situa-
tion and may also find it challenging to take responsibil-
ity for the (presumed) wishes of the patient. Therefore, it 
is imperative that the legal representatives and relatives 
receive a highly detailed, comprehensible and honest ex-
planation of patient’s situation.

In an increasingly multicultural society, the different 
religious and cultural values of patients and their families 
must also be taken into account. 

The possibility of drafting a living will is now known 
to almost all citizens: According to a 2014 survey con-
ducted by a German polling institute (Demoscopy Insti-
tute, Allensbach), 28% of citizens possessed a living will 
[746], and this number has steadily risen since 2009. The 
topic of a living will becomes increasingly sensitive with 
age: Every second person over the age of 60 has a living 
will, while a further 34% plan to have one. Powers of at-

torney (POAs) and living wills are also becoming increas-
ingly common for intensive care patients. Out of the 998 
patients in large German intensive care units, 512 stated 
that they had already created an advanced directive, i.e. 
365 patients (38.6 %) a POA, 293 patients (29.4 %) a liv-
ing will (the sum exceeds the total of 512 patients because 
some patients had a POA and living will, some only one 
of both). Almost 50% of the patients (486/48.7%) had not 
yet drafted such a document [747]. 

7.1.4. Ethical Counselling
End-of-life therapy decisions require that the physi-

cian not only has expertise in intensive care medicine, but 
also competence in ethical and palliative medicine [748]. 
Consultations with and guidance from ethics committees 
are especially helpful in situations with differing perspec-
tives [749], and can also generally contribute to improv-
ing communication during the decision process [750]. 
These types of committees should be composed in inter-
disciplinary and multi-professional fashion in order to be 
able to address medical, ethical, psychosocial, spiritual 
and legal issues.

Ethical counselling can be requested not only by the 
treatment team, but also by the patient, caregiver or fam-
ily members [744].

During an ethical counselling session, different per-
spectives are presented in order to find a sustainable solu-
tion by consensus amongst all parties concerned. 

An ethical counselling session always begins with an 
explanation of the procedure to all those involved, stress-
ing that its outcome is a recommendation, while deci-
sions are only to be made by those directly responsible for 
the patient. 

The counselling focuses on the assessment of thera-
peutic goals, quality of life, burdens, and the chances of 
success. This helps to ensure that the ongoing procedure 
is oriented towards both what is medically feasible and 
the patient’s individual treatment preferences, life plans 
and values.

In most hospitals, the qualified implementation and 
organization of ethical case counselling is in the hands of 
the hospital ethics committee, but there are also other im-
plementation models. Since ethical counselling is a re-
quirement for high-quality patient care, appropriate 
structures must be set up in all hospitals providing acute 
and emergency care [744].

R48: Since the medical indication and consideration 
of the patient’s wishes are central ethical principles, it is 
recommended that they are taken into account for deci-
sions pertaining to the end-of-life phase. One way of ex-
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pressing the patient’s wishes is to draft a living will at an 
early stage. 

R49: Joint discussions between the treatment team, pa-
tients and/or their legal representatives are recommend-
ed for making decisions about the end-of-life phase.

R50: Ethical case counselling is recommended for cas-
es in which conflict exists (within the patient’s family, or 
between the family and the treatment team) about end-
of-life decisions.

7.2. Communication
Decisions regarding medical procedures such as max-

imum therapy, refusal of treatment, limitation of treat-
ment, or a change in therapy goals must be communi-
cated in an understandable way [744].

A structured discussion with the relatives or other 
trusted caregivers of the patient must take place as early 
as possible in the course of treatment. This is mandatory 
for carers or authorised representatives, even if they are 
not relatives. This meeting with the relatives serves to 
provide mutual information about the patient’s situation, 
treatment and preferences. The essential components of 
the discussion are as follows [744]:
•	 Obtaining medical and personal information about 

the patient 
•	 Providing detailed information about the illness, ther-

apy goals, and treatment, as well as the prognosis of the 
patient, insofar as this corresponds to the (presumed) 
wishes of the patient and takes medical confidentiality 
into account 

•	 Support and advice for the relatives in the event of an 
acute crisis 
The meeting should take place in a quiet room away 

from the noise and hectic pace of the ICU. 
The treatment team should be well prepared for the 

meeting with the relatives, which requires a clear time 
plan and the determination of participants. All members 
of the treatment team should be represented in these dis-
cussion, especially the nursing staff, as they serve as a key 
intermediary. If different views about the patient’s wishes 
or the appropriateness of ongoing medical procedures 
arise during the course of the discussions with the rela-
tives, ethical case counselling is advised. 

Comment: The treatment team can document the 
meetings using the “Therapy Limitation” form provided 
by the Ethics Section of the DIVI [751].

For patients on long-term MV without analgoseda-
tion, communication is often still possible, even during 
the periods of ventilation therapy. The doctor must in-
form the patient in a compassionate way about his/her 

prognosis and explain the current medical indication for 
further treatment combined with a realistic therapy goal 
(see above). This is the point at which the determination 
of the patient’s wishes is of decisive importance. It is the 
genuine task of the physician to determine whether or not 
a therapeutic goal can be achieved, but only the patient or 
his/her representative can decide whether attainable ther-
apy goals are actually desired [751]. In any case, it is use-
ful to include advice from the nursing team and relatives. 

Further details on the practical aspects can be found in 
the guidelines for family-oriented care on the neonatal, 
paediatric intensive-care, and adult intensive-care wards 
[752].

R51: A rigorous documentation process is recom-
mended for the planning, implementation and outcome 
of discussions with the patient’s relatives. Written docu-
mentation is suggested for recording the outcome and 
resulting measures of decisions to change the therapeutic 
objective with regard to the medical indication and the 
patient’s wishes. 

7.2.1. Discussion Conduct
Structured conversations with patients, family mem-

bers, and care team members improve the quality of care. 
The use of the expression, “withdrawal of medical 

therapeutic measures” needs to be replaced with “chang-
es to therapeutic goals.” The options for and importance 
of symptom relief for maintaining the best possible qual-
ity of life are emphasised. The important elements of 
good communication are: 
•	 Appreciation for the situation
•	 Granting the expression of emotions 
•	 Ability to listen
•	 Asking questions about the patient’s life and general 

nature 
•	 Encouraging relatives to ask questions 

7.3. Finishing MV Treatment
Based on the remarks above, and in accordance with 

the principles of the German Medical Association 
(Bundesärztekammer), the indication for a change in 
therapeutic goals in (ventilated) intensive-care patients 
must be promptly reviewed in the following situations:
•	 The patient is in the immediate process of dying 
•	 The patient or his/her representative desire a change 

in therapeutic goals 
•	 There have been significant medical changes that re-

quire the therapeutic goals to be changed 
Although age alone does not represent a decisive cri-

terion, a fragile constitution along with multimorbidity 
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play an important role in the prognosis of intensive care 
patients [753], and hence should be taken into consider-
ation during the decision-making process.

If the curative objective is abandoned, all diagnostic, 
therapeutic and nursing measures need to be reviewed. 
However, placing an additional burden on the dying pa-
tient by neglecting symptom-oriented measures must be 
avoided at all costs [744].

If it is recognized that a curative approach is no lon-
ger possible, the use of intensive care measures must be 
critically questioned in order not to expose patients to 
the risk of “over-treatment at the end of life”. This is the 
latest point at which aspects of palliative care must be 
integrated into the patient’s intensive care program 
[754]. In this context, palliative care should be seen as 
a complementary, expert means of treating pain and 
controlling symptoms such as dyspnoea, and providing 
respectful, caring support of the patient and his/her 
family in the final phase of life, as well as during the dy-
ing process [754]. A humane approach to life, death and 
dying, and the preservation of autonomy and respect 
for the dignity of seriously ill and dying patients were, 
and still are, the central themes of the modern hospice 
movement and palliative care. Palliative medical care is 
based on a high level of professional competence, as 
well as the collaboration between different professional 
groups, and is supplemented by volunteers [754]. For 
this reason, a physician with experience in palliative 
care should become involved in the care of the patient 
at an early time point. 

7.3.1. Procedures for Ending Ventilation Therapy
Mechanical ventilation therapy can either be terminat-

ed abruptly or slowly reduced in scope (retraction of the 
invasive component of MV, such as the reduction of 
PEEP or FiO2). The refusal of treatment or withdrawal of 
therapy is handled differently across intensive care units: 
A 2005 survey of European respiratory intermediate-care 
wards revealed that 21% of admitted patients with chron-
ic respiratory failure made an end-of-life treatment deci-
sion; the mortality rate among these patients was 68%, 
while the withdrawal of therapy was undertaken in 11% 
[755].

Asch et al. observed that life-sustaining therapies were 
frequently withdrawn in a particular order: first, the ad-
ministration of blood products, haemodialysis and vaso-
pressors was discontinued, followed by ventilation and 
concluded with intravenous fluids and tube feedings 
[756]. 

Based on a small case series, Campbell et al. described 
patients’ reactions to the process of so-called terminal 
weaning from ventilation [748]. However, the term “ter-
minal weaning” is essentially misleading, as it has nothing 
to do with the weaning process that is ultimately aimed at 
sufficient spontaneous breathing [757]. Hence, the more 
appropriate expression for this is “compassionate extuba-
tion” [758], whereby the invasive component of the ven-
tilation is gradually reduced through the retraction of 
positive end-expiratory pressure or inspiratory O2 oxy-
gen concentration, while the ventilation interface re-
mains in place. In contrast, the process of terminal extu-
bation involves the abrupt termination of MV and the 
removal of the ventilation interface. In this case, opioids 
or sedatives must be administered either prophylactically 
due to anticipated symptoms, or only after the onset of 
adverse symptoms [759].

Although the gradual limitation of therapy appears 
less intrusive and less stressful, this procedure can some-
times lead to an unjustifiable prolongation of the dying 
process [744].

The immediate termination of MV can lead to a sig-
nificant shortening of the dying process [759]. This can 
elicit short-term physical reactions (such as gasping, rat-
tle-sounding breathing; see Chapter 7.3.2). Having to ob-
serve such reactions can be stressful for the relatives and 
treatment team members present [744].

There are no clear, evidence-based recommendations 
for the decision-making process associated with the dis-
continuation of therapy in ventilated patients. While both 
terminal extubation and leaving the tube in place are pos-
sible, the former is rarely practiced in Europe. The deci-
sion for the respective procedure should be based on 
timely agreement within the treatment team, and with the 
relatives and (if possible) patient [760].

7.3.2. Terminal Respiratory Secretions (“Death 
Rattle”)
After ending MV, rattling sounds may occur during 

breathing (the so-called “death rattle”) due to an increase 
in pharyngotracheal secretion formation or (terminal) 
pulmonary edema. This rattling is a sign of the dying pro-
cess and does not affect patients, who are in a state of re-
duced consciousness, as displayed by the fading of defen-
sive reflexes such as coughing and gagging. However, the 
acoustic phenomenon of rattling can present as an enor-
mous psychological burden for the patient’s relatives. 
This burden can often be reduced if the relatives are suf-
ficiently informed about the cause of these prefinal rat-
tling noises. In addition, this particular symptom should, 
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where possible, be relieved with pharmacological inter-
vention [761]. Intravenous fluids should initially be 
avoided in order to minimise secretions.

Suctioning manoeuvres that only reach the pharynx or 
trachea should be performed in combination with anti-
cholinergic drugs such as hyoscine butylbromide or gly-
copyrronium bromide.

R52: To prevent stress and suffering from respiratory 
distress, anxiolysis and sedation is recommended to be 
carried out in individually-adjusted doses and precisely 
documented. A premature death due to unavoidable side-
effects can be accepted. 

7.4. Documentation
A form for documenting decisions to withhold or 

withdraw therapy is now available [751]. Standardised 
documentation of the decisions made at the end of life, 
along with visibility in the patient chart, are essential for 
transparent and comprehensible treatment, even from a 
medicolegal perspective. Agreements in and changes to 
a patient’s therapeutic goals must be made known to all 
treatment sectors within the hospital, since they have to 
be observed by the entire treatment team. Documenta-
tion of the agreements reached is easily manageable and 
not only ensures that there is clarity amongst the differ-
ent wards within a hospital, it also prevents the introduc-
tion or continuation of measures that are not/no longer 
indicated, or not/no longer desired. For these purposes, 
a standardised documentation form for the withholding/
withdrawing of therapy should be used. The documented 
decisions should be the result of interdisciplinary discus-
sions. The significant reasons for these decisions should 
be clearly and comprehensibly documented in the pa-
tient’s medical records. Documentation of the structured 
communication that has taken place with the patient and 
relatives, as described in the DIVI quality indications, 
can serve as a helpful basis for reaching a decision [762]. 
The documentation form summarizes this decision-
making process in a clear and concise manner and stores 
it in a central location. It serves as a reliable basis for 
decision-making, provided there are no grounds for pos-
sible changes. In this respect, however, it does not ab-
solve the treatment team from the responsibility of mak-
ing decisions in the specific situation. Adapting the doc-
ument to the local circumstances of the treating hospital 
is recommended in order to clearly and comprehensibly 
record (on paper and/or electronically) the decisions 
made. It should be part of the patient’s file and accom-
pany the patient through all functional sections of the 
hospital. 

R53: A standardised form is recommended for docu-
menting all decisions relating to the withholding/with-
drawal of therapy. Documentation of the significant rea-
sons for these decisions in the patient’s medical files is 
also recommended. 

QI5: Number of standardised documentations of deci-
sions regarding the withholding/withdrawal of therapy/ 
Number of decisions regarding the withholding/with-
drawal of therapy in prolonged weaning 

7.5. Special Aspects in Paediatric Patients
In Germany, the withholding or withdrawal of therapy 

in infants and children is necessary and currently ethi-
cally accepted in two situations: (1) If treatment is futile, 
its continuation only means prolongation of suffering. 
Futile here means only a short gain in life span, which is 
not in proportion to the suffering the patient has to en-
dure. (2) In case of survival, the child’s quality of life is 
considered to be that of unacceptable suffering, without 
any possibility of improvement [763, 764]. Therapy with-
drawal more often takes place on the basis that treatment 
is futile [765]. Even severe mental or physical disabilities 
or home MV need not significantly impair a child’s sub-
jective quality of life [766–769]. The prognosis of an un-
endurable quality of life is therefore difficult to predict 
and this particular status can even eventuate slowly in the 
ambulatory course of the disease; for example, in progres-
sive neurodegenerative or even neuromuscular diseases. 
In these cases, it is the task of the physician to ascertain 
whether it is living or dying that is in the best interest of 
the child (some lawyers also refer to the presumed will of 
the child). The necessity for treatment limitation in child-
hood should be determined by formal ethical consulta-
tion. The outcome is discussed with the parents/legal 
guardians, who are also informed about all other treat-
ment options and consequences. The decision about the 
intensity of ongoing therapy is made in conjunction with 
the parents/legal guardians [763, 770–773].

Parents require different amounts of time to understand 
and accept the situation, and to be able to support a decision 
to withhold or withdraw therapy [773]. Close guidance 
without pressure, as well as psychological support for the 
parents are required. Most parents prefer to be present 
when therapy is terminated and potentially hold the child 
in their arms. The use of analgesics or sedatives is intended 
to prevent patient suffering as much as possible [774].

R54: If therapy appears futile, or if in cases of survival 
there is unreasonable suffering without the possibility of 
improvement, it is recommended to determine whether 
it is living or dying that is in the best interest of the child.
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R55: Decisions about the continuation or withdrawal 
of treatment are suggested to be made in the framework 
of an ethical consultation, and with the agreement of the 
parents.
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