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Abstract 

Background Decannulation in tracheotomized neurological patients is often complicated by severe dysphagia, 
which compromises airway safety and delays weaning. Additional challenges, including reduced cough strength, 
excessive bronchial secretions, and altered airway anatomy exacerbate weaning issues, thereby increasing morbidity 
and mortality. This review summarizes diagnostic procedures and therapeutic options crucial for the rehabilitation 
of tracheotomized patients.

Main body Key diagnostic strategies for assessing decannulation readiness focus on airway protection, airway 
patency, bronchial secretion management, and cough function. These are collectively introduced as the  A2BC criteria 
in this review. Advanced tools such as flexible endoscopic evaluation of swallowing, endoscopic assessment of air‑
way anatomy, measurement of cough strength, and intrathoracic pressure are essential components of a systematic 
evaluation. Therapeutic interventions encompass restoring physiological airflow, behavioral swallowing treatment, 
secretion management, and pharyngeal electrical stimulation. The proposed decannulation algorithm integrates two 
pathways: the “fast‑track” pathway, which facilitates rapid decannulation based on relevant predictors of decannula‑
tion‑success, and the “standard‑track” pathway, which progressively increases cuff deflation intervals to build tolerance 
over time.

Conclusion Successful decannulation in neurological patients demands a multidisciplinary, patient‑centered 
approach that combines advanced diagnostics, targeted therapies, and structured management pathways. The pro‑
posed algorithm integrates fast‑track and standard‑track pathways, balancing rapid diagnostics with gradual weaning 
strategies. This framework promotes flexibility, enabling clinicians to tailor interventions to individual patient needs 
while maintaining safety and optimizing outcomes.

Introduction
The tracheotomy, particularly the minimally invasive 
dilatational approach, is a standard procedure in most 
intensive care units (ICU) [1]. It is performed in 10–15% 
of patients in mixed ICUs [2] and in 15–47% of patients 
in a neurocritical care setting [3, 4]. Especially in patients 
with a leading neurological diagnosis (e.g. stroke, trau-
matic brain injury, immunoneuropathies), but also in 
patients with severe critical illness polyneuropathy (CIP) 
and critical illness myopathy (CIM), weaning from the 
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tracheostomy cannula is often impossible during the 
acute stage of treatment [5–7], so that these patients are 
transferred to early rehabilitation while still cannulated. 
Accordingly, in a multicenter observational study on the 
rehabilitation process of survivors of acute neurological 
diseases, 41.5% of patients had a tracheostomy requiring 
suctioning [8]. In a second study, 53.2% of patients with 
traumatic brain injury and 22.5% of stroke victims were 
tracheotomized at the beginning of rehabilitation [9]. In 
most studies, the subsequent decannulation rates dur-
ing rehabilitation, which often lasts several months, are 
between approximately 40 and 60% [8, 10–12]. The thera-
peutic goal of weaning from the tracheostomy cannula 
is of overriding prognostic importance, as the mortality 
rate of patients who have been permanently cannulated is 
extraordinarily high. For example, in a long-term obser-
vational study in which over 1000 early rehabilitation 
patients were included, about 50% of the tracheotomized 
patients had died within one year, while the mortality 
rate in the group of non-tracheotomized patients was 
about 10% [8, 12].

One of the key reasons why neurological patients are 
prone to delayed or failed decannulation is severe dys-
phagia with related impaired airway safety [13–15]. 
Other less disease-specific factors that complicate the 
weaning process consist of reduced cough strength, 
excessive amount of bronchial secretions and impaired 
airway anatomy [16]. The diversity of these parameters 
and assigned medical topics underlines that the care 
of tracheotomized patients is one of the classic team 
tasks in modern medicine [17]. Depending on the local 
conditions, the multi-professional team includes vari-
ous specialists such as intensive care and rehabilitation 
physicians, neurologists, ENT doctors, phoniatricians, 
respiratory therapists, speech and language patholo-
gists and intensive care nurses [18]. Although there are 
no prospective randomized trials on this topic so far, 
and all recommendations are therefore based on weak 
evidence [19], numerous studies with different designs 
and some meta-analyses suggest that this interdiscipli-
nary approach improves the conditions for rapid and 
safe tracheostomy tube removal [18, 20–28]. Therefore, 
in a current guideline of the American Association for 
Respiratory Care (AARC), the implementation of multi-
professional teams is therefore recommended as a third 
pillar in addition to tracheostomy bundles and decannu-
lation protocols adapted to the respective setting [27].

This review provides an up-to-date summary of diag-
nostic procedures and therapeutic options relevant to 
the rehabilitation of tracheotomized patients. In its final 
part an algorithm for decannulation management is pre-
sented, which combines the diagnostic and therapeutic 
interventions explained before and distinguishes between 

a pathway for rapid decannulation and a slower, conven-
tional approach.

Diagnostics
Clinical procedures
According to a recent guideline, the clinical swallow 
examination (CSE) is usually performed as the first 
diagnostic step in tracheotomized patients [29]. After 
deflating the cannula’s cuff and careful subglottic and 
oropharyngeal suctioning, physiological air flow through 
the upper airway is restored by closing the cannula or 
using a speaking valve. This is followed by the CSE, which 
is based on standard procedures, and, among others, 
looks for clinical signs of penetration and aspiration of 
saliva and administered food boluses. In accordance with 
the low reliability of the CSE for determining swallow-
ing safety, the sensitivity of this method in comparison to 
gold standard FEES is low [30].

As an additional clinical instrument, the Evans Blue dye 
Test (EBT) and the modified Evans Blue dye Test (mEBT) 
have been introduced into practice [31]. To perform the 
EBT, the cannula’s cuff is first deflated and subglottic and 
pharyngeal secretion is carefully suctioned. The patient 
then receives a few drops of food coloring directly on the 
tongue (EBT) or is given small amounts of colored liquid 
or other food consistencies to swallow (mEBT). Thereaf-
ter, subglottic suctioning is repeated and if colored secre-
tion (EBT) or colored liquid/food (mEBT) is detected, a 
high risk of aspiration is suspected. According to several 
studies [31–34] and a meta-analysis [35], this method 
has insufficient sensitivity. Only two studies employing 
repeated suctioning suggest an acceptable accuracy of the 
(m)EBT [36, 37]. Therefore, a negative (m)EBT is of no 
diagnostic value, but a positive (m)EBT is indicative of a 
substantial risk of aspiration in tracheotomized patients. 
In view of this scientific context, the (m)EBT should be 
classified as a screening instrument that can only be used 
to follow-up instrumental evaluation. The exclusive use 
of the (m)EBT to assess readiness for decannulation is 
not recommended [29, 38].

Flexible endoscopic evaluation of swallowing
During flexible endoscopic evaluation of swallowing 
(FEES), a flexible naso-pharyngo-laryngoscope is intro-
duced transnasally into the pharynx for direct visuali-
zation of the swallowing act. FEES aims at identifying 
pathological movement patterns, evaluating the effective-
ness and safety of the swallow process, recommending 
appropriate food consistencies as well as special diets or 
swallowing techniques and delineating potential pheno-
types and etiologies related to the observed swallowing 
impairment [39, 40]. Available data indicate that FEES 
is a well-tolerated and safe examination [41–44]. In the 
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ICU and neurorehabilitation facilities the essential prac-
tical advantages of FEES are that the examination can be 
performed at the bedside and also patients with highly 
restricted motor functions as well as bedridden or unco-
operative patients can be examined, repeated follow-up 
examinations are safely possible and saliva management 
can be assessed directly [45, 46].

As per a recent guideline, in tracheotomized patients 
FEES should specifically assess airway safety by evalu-
ating the parameters “secretion management”, “sponta-
neous swallowing rate”, and “laryngeal sensitivity” [29]. 
To increase the reliability and reproducibility of the 
endoscopic examination, the Standardized Endoscopic 
Swallowing Evaluation for Tracheostomy Decannula-
tion (SESETD) protocol has been developed and vali-
dated [47–49] (see Figs.  1 and 2A). According to this 
protocol, after suctioning pharyngeal and subglottic 
secretions and deflating the tracheal cuff, the extent 
and localization of salivary retentions are assessed, and 
the spontaneous swallowing frequency is observed. To 
get a realistic impression of how and to what extent 
the patient manages his secretions, this part of the 
examination requires several minutes. In case there is 
massive pooling of saliva in the hypopharynx with con-
comitant penetration and aspiration, the tracheal can-
nula should not be removed. If there is no issue with 

pharyngeal secretions but the swallowing frequency is 
below one per minute or due to a missing white-out a 
severe pharyngeal palsy is suspected, the tracheal can-
nula should also remain in place. The third step of the 
SESETD protocol involves testing laryngeal sensitivity 
by gently touching the aryepiglottic region with the tip 
of the endoscope. If no motor reaction occurs during 
this procedure, severe peripheral sensory disruption 
must be assumed and decannulation should conse-
quently be delayed. In case the patient coughs, swal-
lows or shows other kinds of reflexive movements, such 
as a laryngeal adductor reflex or pharyngeal wall con-
traction, the cannula may be removed. The protocol’s 
final step consists of transstomatal endoscopy. Here, 
the endoscope is briefly inserted through the stoma, 
flexed upward to visualize the subglottic structures 
and downward to inspect the lower trachea in order to 
ensure that there are no structural abnormalities com-
promising the airway and precluding decannulation 
[32, 50–52]. In patients who successfully pass all four 
steps of the SESETD protocol, the tracheal cannula may 
be permanently removed, and the tracheostomy subse-
quently closed. Alternatively, a tracheostoma retainer 
may be used for 24–48 h, or the patient may be moni-
tored using a capped and unblocked cannula. 

Fig. 1 Standardized Endoscopic Swallowing Evaluation for Tracheostomy Decannulation (SESETD) protocol (modified with permission from [48, 49]
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Fig. 2 A Multimodal diagnostics and related thresholds for the assessment of tracheotomized patients according to the  A2BC criteria (A = Airway 
safety & airway anatomy, B = bronchial secretion, C = cough strength; FEES = fiberoptic endoscopic evaluation of swallowing; MEP = maximum 
expiratory pressure; m‑sqAS = modified semiquantitiative airway score; PCF = peak cough flow;  PIt = intrathoracic pressure; SCSS = semiquantitative 
cough strength score; SESETD = standardized endoscopic swallowing evaluation for tracheostomy decannulation; WCT = White‑card‑test). B 
Multimodal treatment of tracheotomized patients targeting  A2BC problems (TC = Tracheal cannula)
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Evaluation of cough and bronchial secretions
In addition to the swallowing function, strength and 
effectiveness with regards to secretion removal of the 
cough and the type and amount of bronchial secretion 
should be systematically evaluated [53]. The peak cough 
flow (PCF) and the maximum expiratory pressure (MEP) 
generated during coughing can be quantified with a peak 
flow meter. A PCF of 160 l/min or a MEP of 40  cmH2O 
are usually mentioned in the literature as indicators for 
safe decannulation [54–56] (Fig. 2A).

Alternatively, qualitative clinical cough scores can be 
used. For example, the semiquantitative cough strength 
score (SCSS) rates the cough strength on a 6-point scale 
as 0 = no cough, 1 = air burst but no audible cough, 
2 = barely audible cough, 3 = audible cough, 4 = stronger 
cough, 5 = multiple strong coughs [57]. In two prospec-
tive observational studies recruiting 91 and 186 endotra-
cheal intubated patients, respectively, an SCSS of ≥ 3 
was identified as the threshold for extubation [57, 58]. 
In addition, the SCSS correlated with the PCF measure-
ment (Fig. 2A). As a simpler, binary score, the so-called 
white card test (WCT) has been proposed, which tested 
whether patients expectorate secretions against a “white 
card” held 1–2  cm in front of the end of the tube [57]. 
This test was developed for patients with an orotracheal 
tube but seems to be suitable for tracheotomized patients 
as well (Fig.  2A). As demonstrated in a recent study, 
when comparing PCF measurements with the WCT, the 
quantitative method appears to more precisely predict 
the successful removal of the artificial airway [59].

The type and amount of bronchial secretion should also 
be evaluated semi-quantitatively (with the cuff inflated 
or deflated depending on the clinical condition) [60]. 
In a recent study, the suctioning frequency was used as 
an easy-to-determine parameter and a frequency of no 
more than 2 suctions every 8  h was considered indica-
tive of readiness for decannulation [61]. In addition to the 
suctioning frequency, a more differentiated method also 
assesses the amount of secretion via suctioning passes. 
The secretion characteristics are described according to 
its viscosity and color [62]. In addition, the authors also 
took into account the parameters cough and gag reflex, 
so that this score enables a relatively comprehensive 

description of airway protection. A modified semiquan-
titative airway score (m-sqAS) was a significant predictor 
of extubation failure in intubated stroke patients in two 
other prospective observational studies [63, 64] (Table 1). 
In the first study, the successfully extubated patients had 
an m-sqAS of 4 ± 4 points compared to 8 ± 3 points in the 
reintubated patient group [63]; in the second study the 
average values were 3 ± 2 versus 5 ± 3 points [64], so that 
a threshold of < 4 points seems reasonable to predict suc-
cessful extubation.

Evaluation of airway anatomy
As a complication of a tracheotomy, clinically relevant 
stenosis with a lumen narrowing of more than 20% is to 
be expected in 10–20% of patients [65]. In addition to 
fixed stenosis due to scarring, cartilage ring fractures, 
granulation tissue or tissue swelling, flexible airflow 
dependent stenosis due to tracheomalacia with result-
ing tracheal instability can also be observed. Therefore, 
prior to definitive decannulation, a careful evaluation of 
the airway should be carried out. If the subglottic, trans-
stomatal endoscopy does not allow for firm conclusions, 
additional translaryngeal endoscopy is recommended 
for the assessment of the laryngotracheal junction [66] 
(Fig. 2A).

Tracheal tube manometry providing measures for the 
intrathoracic pressure  (PIT) may be helpful to objectively 
guide recommendations for speaking valve use, cap-
ping, and changing tracheostomy tubes. Measurements 
are done with an unblocked cannula in place, which is 
equipped with either a speaking valve or a cap [67]. Tech-
nically, this measurement is carried out via a manometer 
that is connected between the cap/speaking valve and the 
tracheostomy cannula [68]. Pressure values below 5  cm 
 H2O suggest unimpaired breathing. For values between 5 
and 10 cm  H2O, short-term breathing through the upper 
airways is usually feasible under continuous patient 
observation. Values above 10 cm  H2O indicate critically 
increased airway resistance [67, 68] (Fig. 2A). In the latter 
scenario, an endoscopic evaluation of the airway anatomy 
should be carried out. If necessary, the cannula should be 
changed with an adaptation of the tracheostomy cannula 

Table 1 Modified semiquantitative airway score (m‑sqAS; adopted from [63, 64])

Points Spontaneous cough Gag Sputum quantity Suctioning 
frequency

Sputum viscosity Sputum character

0 Vigorous Vigorous None  > 3 h Watery Clear

1 Moderate Moderate 1 Pass 2–3 h Frothy Tan/yellow

2 Weak Weak 2 Passes 1–2 h Thick –

3 None None 3 Passes  < 1 h – –
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configuration (e.g. change to a cannula with a smaller 
outer diameter or use of a fenestrated cannula [68].

Decannulation criteria
The literature describes numerous decannulation criteria 
and scores, each tailored to different patient populations. 
Most of these approaches use an observation period as 
key component, which is used to test whether the patient 
remains respiratory stable over a period of a defined 
length (e.g. 24–72 h) without airway protection (e.g. with 
an unblocked and closed tracheostomy tube). Addition-
ally, clinically or endoscopically determined parameters 
are considered, focusing primarily on the level of secre-
tions, cough strength, swallowing function, and airway 
anatomy [21, 50, 69–75]. Enrichi and colleagues propose 
several parameters for decannulation based on the results 
of a meta-analysis and a subsequent prospective obser-
vational study. The identified decannulation parameters 
include ‘72-h tracheostomy tube occlusion,’ ‘ endoscopi-
cally confirmed airway patency,’ ‘ no aspiration during 
endoscopic swallowing assessment (Penetration-Aspi-
ration Scale ≤ 5),’ and ‘ negative mEBT,’ demonstrated 
by three instances of subglottic suctioning over a 12-h 
period. Conversely, criteria such as voluntary or reflexive 
coughing and the volume of tracheal secretions requiring 
suctioning were found to be less significant in determin-
ing the validity of decannulation decisions [74].

The selection of decannulation criteria is largely deter-
mined by the clinical setting and patient population. For 
typical early neurorehabilitation patients treated in an 
intermediate care or a related environment, a gradual 
weaning strategy combined with a repeated, multimodal 
assessment following one of the aforementioned struc-
tured approaches appears to be appropriate. In contrast, 
for patients where the question of decannulation arises 
during acute care, such as in the intensive care unit, alter-
native criteria are considered more suitable. For instance, 
Cohen et  al. demonstrated in a retrospective case–con-
trol study that, in the intensive care unit, decannulation 
immediately following endoscopic evaluation was associ-
ated with fewer recannulations, a shorter period of unas-
sisted spontaneous breathing before decannulation, and a 
reduced hospital length of stay post-decannulation com-
pared to a protracted decannulation management [76]. 
A similar result was found in a multicenter, randomized 
intervention study that included 330 tracheotomized, 
ventilator-weaned ICU patients [61]. The control con-
dition involved decannulation when patients tolerated 
tracheostomy tube capping for 24 h. In the intervention 
arm, decannulation was done as soon as the suctioning 
frequency over a 24-h period was no higher than 2 times 
per 8 h. Patients in the intervention arm were decannu-
lated significantly earlier (6 versus 13  days), had fewer 

bronchopulmonary infections (23% versus 39.1%), and 
shorter hospital stays (23 versus 37 days) after randomi-
zation compared to patients of the control group [61]. 
Recannulation rates were comparable in both groups, 
with 2.4% in the study arm and 5.6% in the control condi-
tion. This study demonstrates that, at least under certain 
conditions, the criterion of tolerating tracheostomy tube 
occlusion over a longer observation period (≥ 24  h) is 
associated with unnecessary delays in decannulation and 
increased complications.

A2BC criteria
Based on the evidence summarized above, the  A2BC cri-
teria are introduced to link each relevant clinical domain 
(airway safety, airway anatomy, bronchial secretions, 
cough strength) with specific quantitative or qualita-
tive thresholds indicating readiness for decannulation 
(Fig.  2A). With regards to airway safety the SESETD 
algorithm is recommended and patients passing all 4 
steps are considered to have a safe airway. For assessing 
airway anatomy subglottic and, where needed, trans-
laryngeal endoscopy should be done. During the wean-
ing process, measurement of  PIT may help to adjust the 
configuration of the tracheal cannula (TC). The amount 
of bronchial secretions may be scored with the m-sqAS 
(threshold < 4 points) or the suctioning frequency, 
whereas for the latter a threshold of ≤ 2/8 h may be used. 
Finally, cough strength is recommended to be measured 
directly by spirometry (thresholds PCF ≥ 160  l/min, 
MEP ≥ 40   cmH20), alternatively the SCSS (≥ 3points) or 
the WCT may be employed.

Treatment
This section summarizes various therapeutic options to 
improve swallowing function, airway protection, and 
secretion management in tracheotomized patients, 
thereby targeting potential  A2BC issues (see also Fig. 2B).

Establishing a physiological airflow through the upper 
airways
Especially when a gradual weaning from the tracheos-
tomy tube is required, regular and progressively longer 
periods of cuff deflation with simultaneous closure of the 
tracheostomy tube or the use of a speaking valve should 
be applied [21, 68, 77] (Fig. 3B and C). The restoration of 
physiological airflow is likely to contribute to the recov-
ery of pharyngeal and laryngeal sensation, resulting in 
improved secretion management [78]. In a proof-of-prin-
ciple study recruiting 20 tracheotomized stroke patients, 
the authors showed that while capping of the tracheal 
cannula did not induce any changes in swallowing 
mechanics, swallowing safety improved resulting in lower 
Penetration-Aspiration-Scale scores [79]. Furthermore, 
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Fig. 3 Restoring a physiological airflow through the upper airway during the process of tracheal cannula weaning; A: blocked tracheal cannula 
(TC), B: deflated cuff, TC closed with a speaking valve, C: TC closed with a cap; D: use of a tracheostomy retainer (reproduced with permission; © 
Michael Hoffmann, medicalgraphics, cologne)
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physiological airflow allows for smelling and phonation, 
and through the gradual increase in airway resistance, it 
strengthens the respiratory muscles [16].

Before moving on to longer periods of cuff deflation, it 
is often necessary to switch the tracheal cannula to one 
with a smaller outer diameter to reduce airway resistance 
[67, 75]. Using fenestrated cannulas can also promote air-
flow through the larynx and allow for phonation [80, 81]. 
Lastly, as a precaution before complete decannulation, a 
placeholder can be inserted to keep the option of recan-
nulation open, at least temporarily (Fig. 3D) [82].

Above‑cuff vocalization
Above-cuff vocalization (ACV) is a technique that ena-
bles tracheostomized patients with inflated cuffs to speak 
by directing a controlled airflow through the subglottic 
suction port, allowing air to pass over the vocal cords 
[83]. This method not only facilitates communication 
but also provides sensory stimulation to the laryngeal 
mucosa, which may enhance swallowing function and aid 
in the weaning process [83]. Studies have demonstrated 
that ACV is feasible and safe, contributing to earlier 
speech initiation in critically ill patients [84]. However, 
its implementation requires careful patient selection 
and monitoring to prevent potential complications [85]. 
Further research is needed to establish standardized pro-
tocols and to fully understand the benefits of ACV in tra-
cheostomy weaning.

Behavioral swallowing therapy
In the early stages of neurological rehabilitation for 
severely impaired patients, the main goal of dysphagia 
therapy is to stimulate swallowing and prevent or resolve 
a nil-per-os (NPO) status [86]. Encouraging swallowing, 
even of small boluses, helps break the vicious cycle often 
seen in tracheotomized patients, where reduced swallow-
ing activity worsens the condition. On the one hand, less 
frequent swallowing leads to the buildup of thick secre-
tions in the hypopharynx that coat the mucosa. On the 
other hand, this patient group frequently experiences 
pharyngeal and laryngeal swelling, partly due to poor 
lymphatic drainage from the lack of muscle activity in 
the pharynx caused by reduced swallowing [86]. Both of 
these issues impair pharyngeal and laryngeal sensitivity, 
with known negative consequences for airway safety.

In clinical practice, swallowing exercises and maneu-
vers are routinely used in the treatment of tracheoto-
mized patients [86]. The so-called restorative methods 
aim to restore impaired swallowing function or enhance 
residual functionality. These methods include prepara-
tory stimulation techniques (e.g., thermal stimulation), 
mobilization techniques (e.g., tongue pressure against 
resistance), and autonomous movement exercises (e.g., 

Shaker exercise, Masako maneuver, Expiratory Muscle 
Strength Training (EMST)) [29, 87]. In contrast, com-
pensatory methods are used during the swallow to enable 
effective and safe deglutition despite functional impair-
ments. A distinction is made between postural maneu-
vers (e.g. chin-tuck or head-turn maneuvers) and special 
swallowing techniques (e.g. Mendelsohn maneuvers, 
supraglottic swallowing) [88]. Particularly for patients 
with a preserved ability to cooperate, the supplementary 
use of biofeedback techniques during swallowing therapy 
may be considered. Surface EMG [89], submental ultra-
sound [90], and FEES [91] are suggested in the literature 
as technical alternatives.

The ice chip protocol
The Ice Chip Protocol described by Susan Langmore 
represents a classic hybrid of diagnostic and therapeutic 
procedures and was explicitly developed for the treat-
ment of severely dysphagic, tracheotomized patients [92]. 
In these patients, ice-chips are particularly suitable since 
(i) the cold sensation acts as a strong sensory trigger that 
boosts swallowing activity, (ii) due to their solid consist-
ency ice-chips can be better controlled in the mouth than 
liquid boluses, which more likely spill into the pharynx, 
(iii) they can be given in variable but defined amounts 
depending on the patient’ s swallowing abilities (an ice 
chip has a volume of approximately 1 ml), and (iv) the 
patient is reasonably safe if aspiration occurs [93–95]. 
Ice-chips should first be used within FEES to assess the 
effects of the intervention on parameters such as swal-
lowing frequency and secretion status and to determine 
the appropriate bolus size for the patient. Subsequently, 
ice chips can be regularly included into swallowing ther-
apy, often serving as a transition between “nil-per-os” 
status and the introduction of regular food textures, such 
as semisolids or liquid boluses [94].

Secretion management
Depending on the clinical context, secretion manage-
ment aims at reducing secretion, promoting secretolysis, 
and/or improving its mobilization and expectoration. For 
reducing secretions, systemically active anticholinergic 
drugs are available, with glycopyrronium bromide having 
the advantage over other anticholinergics like scopola-
mine, as it doesn’ t cross the blood–brain barrier, leading 
to fewer neurocognitive and psychiatric side effects [16]. 
In cases of significantly impaired saliva management with 
notable residues in the pharynx, injection of botulinum 
toxin into the salivary glands is recommended [96]. For 
thick and/or dry secretions, continuous or intermittent 
humidification of the breathing air should be performed, 
fluid intake should be adjusted, and the use of mucolytics, 
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such as hypertonic saline inhalation, should be consid-
ered [16].

To mobilize and remove secretions, both invasive pro-
cedures like endotracheal suctioning and bronchoscopy, 
and non-invasive techniques, including general physio- 
or respiratory therapeutic approaches (mobilization, 
breathing exercises, positioning) and specific techniques 
such as oscillation therapy and mechanical cough aids, 
should be employed [66].

Particularly in patients with respiratory muscle weak-
ness, the cough can be strengthened by regular training 
with incentive spirometry [66]. Additionally, inhalation 
therapy with aerosolized capsaicin may also be used to 
enhance the cough reflex [97–99].

Pharyngeal electrical stimulation
Pharyngeal Electrical Stimulation (PES) delivers elec-
trical current to the pharyngeal mucosa via a specially 
designed feeding tube equipped with a pair of bipolar 
ring electrodes. A typical PES treatment cycle consists of 
10 min of stimulation administered on three consecutive 
days. The stimulation intensity is individually adjusted 
for each session to align with the patient’ s sensation and 
tolerance thresholds. Physiologically, PES operates on 
two levels. On the cortical level, PES enhances the reor-
ganization of the swallow-related motor cortex and facili-
tates activation of corticobulbar pathways [100, 101]. On 
the level of the peripheral nervous system, PES directly 
induces the release of Substance P from peripheral nerve 
endings, thereby amplifying afferent sensory input into 
the swallowing network [102–105].

In clinical practice, PES has been successfully adopted 
to treat dysphagia in tracheotomized patients. The 
PHAST-TRAC trial (PHAryngeal electrical Stimulation 
for early decannulation in TRACheotomised patients 
with neurogenic dysphagia after stroke) randomized 
stroke patients with a tracheal cannula and severe dys-
phagia precluding decannulation to one cycle of PES 
or sham stimulation [106]. Following the intervention, 
nearly 50% of patients in the treatment group were ready 
for decannulation, while spontaneous recovery of swal-
lowing function allowing for a removal of the tracheal 
cannula occurred only in 9% of patients in the sham 
group. This therapeutic effect was strikingly consistent 
with findings from a prior single-center trial [107].

The subsequently conducted PHADER registry (The 
PHAryngeal electrical stimulation for treatment of neu-
rogenic Dysphagia European Registry), a prospective 
phase IV trial, documented the use of PES in 245 patients 
assigned to different diagnostic groups [108]. In all study 
groups dysphagia severity improved continuously across 
the observational period until day 92. Two-thirds of the 
99 tracheotomized patients included in PHADER were 

decannulated after treatment with PES, the majority 
within 9  days after the first treatment had been applied 
[108, 109]. In addition to these larger trials, PES has been 
successfully applied in smaller randomized and obser-
vational studies and has been featured in case reports, 
particularly for addressing severe dysphagia in ICU or 
post-ICU settings [110–118].

Airway stenoses
Airway stenoses are a common obstacle to decannulation 
[50]. In a large prospective observational study recruiting 
673 tracheotomized patients over a 12-month period in 
two rehabilitation facilities, critical airway stenoses pre-
venting removal of the TC were found in around 4% of 
patients [119]. These stenoses can result from various 
conditions: pharyngeal narrowing (due to edema, flac-
cid or spastic pharyngeal and tongue muscles), space-
occupying lesions of the pharyngolaryngeal structures, 
laryngeal edema, recurrent laryngeal nerve paralysis 
with medialization of the vocal folds, subglottic sten-
oses, excessive tracheal granulation tissue, instability of 
the pars membranacea (most commonly associated with 
respiratory overload), as well as tracheomalacia or tra-
cheobronchomalacia [120]. The most important treat-
ment strategy consists of optimizing the tracheal cannula 
configuration to minimize tissue damage [16]. If there 
is profound edema, corticosteroids may be used either 
systemically or by inhalation [121]. Minimally invasive 
procedures, such as endoscopic removal of granulation 
tissue, or surgical interventions, such as arytenoidec-
tomy, transverse cordotomy or resection of tracheal sten-
oses, are particularly considered for fixed and chronic 
conditions [122].

Decannulation management algorithm
Although diagnostic and therapeutic interventions in 
decannulation management are highly individualized 
and must continuously adapt to unforeseen changes in 
a patient’ s condition, the process should nonetheless 
adhere to a comprehensive overarching framework. This 
section, therefore, introduces an algorithm for decannu-
lation management in ventilator-weaned, tracheotomized 
patients, which systematically integrates the previously 
described diagnostic and therapeutic components.

As shown in Fig.  4, the process begins by assessing 
whether contraindications exist for further patient evalu-
ation, including cuff deflation. These contraindications 
include permanent respirator dependency, significantly 
reduced general condition, acute infections—particu-
larly bronchopulmonary infections, and frequent gastric 
regurgitation or vomiting with subsequent penetration 
and aspiration [16] (Table 2A). 
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If there are no contraindications present, the  A2BC 
criteria (Fig.  2A) are evaluated as part of the so called 
fast-track pathway of the algorithm using the previously 
described diagnostic methods. With the help of the above 
parameters, airway protection, airway patency, type and 
amount of bronchial secretions, and cough function are 
assessed. If this evaluation does not raise any concerns, 
the patient may be decannulated right away or undergo 
a preparation period with an uncuffed and closed tra-
cheostomy tube or a placeholder. If decannulation is not 

yet feasible based on the  A2BC assessment, a targeted 
therapy addressing the identified key issues should be 
initiated (Fig. 2B). The success of the therapy should be 
re-evaluated at defined intervals. In the event of success-
ful intervention, the tracheal tube can then be removed. 
Otherwise, further targeted interventions should be 
planned based on the current assessments.

Cuff deflation trials aimed at restoring physiological 
airflow through the upper airway should be integrated 
into the therapeutic concept early on. As part of the 

Fig. 4 Decannulation management algorithm distinguishing between a fast‑track and a standard‑track pathway (CI = contraindication)
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standard-track pathway, deflation times are progressively 
increased following a fixed schedule (for example: a few 
minutes, 30 min, 2 sessions of 1  h, 2 sessions of 2  h, 2 
sessions of 4 h, 12 h, and finally 24 h) [16]. During this 
gradual weaning process, the patient is continuously 
monitored for contraindications to further extension of 
the deflation periods (Table 2B). If the patient stays stable 
for 24 to 48 h with an unblocked and closed tracheal can-
nula, final decannulation can be performed after airway 
patency has been confirmed via endoscopy. Importantly, 
once the clinical observation period is successfully com-
pleted, fulfilling the  A2BC criteria is no longer required 
[88].

In clinical practice, the two ideal–typical treatment 
pathways are usually combined, particularly for patients 
who cannot be rapidly weaned off the tracheal cannula. 
The more comprehensive diagnostics included in the fast-
track pathway help determine the most appropriate ther-
apy for each individual patient. The gradual extension of 
cuff deflation intervals, as outlined in the standard-track 
pathway, serves two purposes. First, this strategy allows 
the clinicians to monitor whether the patient tolerates an 
unblocked airway, second, cuff deflation is itself an inte-
gral part of the treatment. The final decision to decannu-
late can then be based either on the interim fulfillment of 
the  A2BC criteria or witnessing a complication-free epi-
sode of a 24–48 h cuff deflation trial.

Conclusions
This article provides a detailed review of decannula-
tion management in tracheotomized neurological 
patients, addressing the importance of a multidimen-
sional approach and advanced diagnostics, including 
FEES and endoscopic airway assessment. The  A2BC 

criteria, evaluating airway protection and airway patency, 
bronchial secretions, and cough function, are central to 
determining readiness for decannulation. Therapeutic 
interventions such as airway resistance training, behav-
ioral swallowing interventions, and pharyngeal electri-
cal stimulation are emphasized. The proposed algorithm 
integrates fast-track and standard-track pathways, bal-
ancing rapid diagnostics with gradual weaning strate-
gies. This concept aims to enhance decannulation success 
rates and improve long-term outcomes in neurorehabili-
tation settings.
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