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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-

Prolonged Weaning: S2k Guideline by the
German Respiratory Society

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 Bjorn 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.

988 Respiration 2020;99:982-1083
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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

o 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: “Gewdh-
nung”) to the respirator is a prerequisite for weaning
(“Entwohnung”) 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 Jiirgen 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 Morer (DGAIL: German Society for Anesthesia and
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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 Schonhofer (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 AWMEF (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 AWMEF 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 AWMEF Website [15].
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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 Francaise [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-

Schonhofer et al.



3. Assessment of
readiness to
wean

2. Presumed

1. Intubation .
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].

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]

Prolonged Weaning: S2k Guideline by the
German Respiratory Society

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, Schonhofer 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
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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
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Table 1. International weaning classification [17]

Group Category Definition

1 Simple Patients who proceed from initiation of
weaning  weaning to successful extubation on the first
attempt without difficulty
2 Difficult ~ Patients who fail the initial weaning attempt
weaning  and require up to 3 SBTs, or as long as 7
days from the first SBT to achieve successful
weaning
3 Prolonged Patients who fail at least 3 weaning
weaning  attempts, or require 7 days of weaning after

the first SBT

SBT, spontaneous breathing trial.

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 SBT's, 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).
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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

To this end, the average treatment duration on the ICU was
amere 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 Schonhofer et al., long-term ventilation was
described as being established when it continued for more

Prolonged Weaning: S2k Guideline by the
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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 ofhome 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,
Schonhofer 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 beingliberated from ventilation - represent a sep-
arate patient cohort after prolonged weaning that has so
far received little consideration.
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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

3al 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

3all 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

3b1 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

3bII 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
3cI 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

3¢ Il Death

Failed weaning with death of the patient in hospital

SBT, spontaneous breathing trial; NIV, non-invasive ventilation.

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):
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« 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
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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.

o 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.

Prolonged Weaning: S2k Guideline by the
German Respiratory Society

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 3all, 3bII and 3cI than that for the
groups 3aland 3bI (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-
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ure. However, weaning failure can also occur in patients
who have a normal PaCO, 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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Table 4. Pathophysiology and possible causes of respiratory pump failure

Direct reason for Pathophysiological centre  Possible causes Example
inadequate spontaneous
breathing
Respiratory pump Respiratory centre Ischemia, infection Encephalitis
weakness ) " . . . . 1 .
Neural drive Neuritis, nerve damage Diaphragmatic paralysis, paraplegia, Guillain-Barré
syndrome, CIP, MND, diabetes mellitus
Respiratory muscles Myositis, muscular dystrophy, CIM, VIDD, myasthenia, Duchenne muscular
muscular atrophy dystrophy, post-polio syndrome, post cardiac/thoracic
surgery
Respiratory pump Airways Obstruction, hyperinflation, COPD, cystic fibrosis
overload recurrent paresis

Lung parenchyma

Reduced compliance
reduced gas exchange area

Lung edema, fibrosis
Emphysema, pneumonia, V/Q-mismatch

Thoracic wall

Reduced compliance

Pleural effusion, scoliosis, post-TBC syndrome, post-
cardiac/thoracic surgery

Oxygen transport (reduced)

Anaemia, methaemoglobin

Reduced perfusion

Blood sampling, bleeding, anaemia of chronic infection,
medication
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.

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,
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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-
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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].
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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 breathingand 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
resultin 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
MYV 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
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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-1llness-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
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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
MYV 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].
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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
MYV begins with intubation.

Some of the therapeutic strategies for weaning from
MYV 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.
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Table 5. Readiness-to-wean criteria [17]

Clinical Sufficient coughing
criteria No excessive secretions
Regression of the acute disease phase that led to intubation
No acute infection
Objective  Clinical stability Haemodynamic stability (low-dose catecholamine therapy
criteria is not contraindicated)" 2

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

Adequate oxygenation

SO, 290% with FiO, <0.4 (>85% in the presence of chronic
respiratory failure)

OR Pa0O,/FiO, >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)

! 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; FiO,, fraction of inspired oxygen; SO,, oxygen saturation (measured by pulse

oximetry).

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-

1002 Respiration 2020;99:982-1083

DOI: 10.1159/000510085

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

No

Does the patient meet the following SBT criteria? Target RASS score of 0 to — 1;
if no contraindications exist, SOz > 90 % with FiO, < 0.4
(in chronic respiratory failure SaO, > 85 %);
PaO,/FiO, > 150; Respiratory rate/tidal volume < 105

Yes

Y

Continue mechanical ventilation

YvY

Respiratory exhaustion:
* Tachypnea, orthopnoea, dyspnoea
« RSBI > 105
« Significant reduction in PaO
« Significant increase in PaCO>
with respiratory acidosis (pH < 7.35)

SBT
Pressure support <8 cm H>O
Duration: 30 min

A

SBT successful

Y

Extubation

» Metabolic acidosis (pH < 7.35)
» Haemodynamic instability
* RASS 2 2/< -2

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

24 h

Weaning failure: Reintubation within

A

Fig. 2. Flow diagram of the daily routine for screening respiratory status in weaning [147]. SO,, oxygen satura-
tion; FiO,, inspired oxygen fraction; PaO,, partial pressure of arterial oxygen; RASS, Richmond agitation-seda-
tion scale; NIV, non-invasive ventilation; RSBI, rapid shallow breathing index [rerif].

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

A [

No

Do contraindications exist for reaching/
maintaining the target RASS score
(e.g., increase in ICP)?

Yes l

i No
A4

Yes

I
Define individual target RASS score
whilst avoiding oversedation

Adequate oxygenation, no/minimal
no cardiac ischemia, normal intracerebral pressure, no sepsis

administration of vasoactive drugs,

A A
No v Yes
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
Y
Has target RASS score of 0 to —1 been
achieved?
No
Yes
Y
SBT successful?

Continue mechanical ventilation

A

No

Y

Extubation
Yes

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]).

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
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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-
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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

It is recommended that the use of propofol be considered for invasively-ventilated patients (off-label use: after 7

Level A: “recommended”

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

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-
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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
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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 Recommendations
and level according to the

DAS Guideline

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” treatment of delirium

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

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
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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
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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.

Prolonged Weaning: S2k Guideline by the
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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
H,O [8]; 8 cm H,O [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 (Atdi%) during inspiration and
expiration in the zone of apposition was documented
during assisted and non-assisted spontaneous breathing.
The sensitivity and specificity for a Atdi% 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 Atdi% >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).
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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
MYV 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
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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 (V,) 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 Vi 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 V, three
studies as <110 mL, and one as <25% of the V, [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 cuft-
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-
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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 cuft-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.
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In cases