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Abstract

Background/Objectives: Spinal cord injury (SCI) frequently leads to impaired respiratory
function and increased pneumonia risk due to reduced respiratory muscle strength, altered
thoracic compliance, autonomic dysregulation, and diaphragm displacement. This guideline
aims to ensure appropriate, high-quality, and quality-assured care for individuals requiring
respiratory support. Methods: This work represents a consensus-based S2k guideline developed
by the “BeAtmung” working group of the German-speaking Medical Society for Paraplegiology
(DMGP), in collaboration with experts from Germany and Switzerland, and endorsed by eight
professional societies. Development followed the German Association of the Scientific Medical
Societies (AWMF) guidance manual. Topics were defined in editorial meetings, supported by
targeted literature searches and existing guidelines. Drafts were revised regularly with written
feedback and final approval was granted after a consensus conference on 18 January 2022.
Results: The guideline includes 11 specific recommendations addressing ventilation, monitoring,
care structures, and discharge planning. Recommendations were graded using a three-level
scheme (“need,” “should,” and “can be considered”) and consensus strength was classified
as strong (>95%), consensus (>75–95%), majority (>50–75%), or no consensus (<50%). These
recommendations support clinical decision-making and promote standardised, high-quality
respiratory care for people with SCI. Conclusions: This guideline provides consensus-based
recommendations for the comprehensive respiratory management of individuals with acute
and chronic SCI, integrating diagnostic, therapeutic, and long-term care strategies to support
high-quality, coordinated care across settings and healthcare systems.

Keywords: respiration; spinal cord injury; home ventilation; out-of-hospital ventilation; guideline

1. Introduction
Spinal cord injury (SCI) is associated with a wide range of respiratory complications

that evolve over time [1]. Beyond the immediate effects of muscle paralysis, long-term
changes in lung mechanics, thoracic compliance, and central respiratory control contribute
to a progressive decline in pulmonary function [2–6]. Additional factors such as autonomic
dysregulation, altered thoraco-abdominal interactions, and secondary conditions like obe-
sity or gastrointestinal dysfunction further complicate respiratory management [7–12].
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These complex and multifactorial changes underscore the need for structured assessment
and individualized respiratory care in people living with SCI.

This guideline aims to provide essential theoretical knowledge for the treatment
and care of individuals with SCI who require respiratory support. It pursues six core
objectives: First (1), to deepen the understanding of respiratory complications specific to
SCI, including the impact of impaired gastrointestinal function on respiratory mechanics.
Second (2), to outline diagnostic and therapeutic approaches for both temporary and long-
term ventilation needs. Third (3), to present strategies for managing cough effectiveness
and airway secretion clearance. Fourth (4), to describe procedures and requirements
for transitioning patients to home-based or other out-of-hospital care settings. Fifth (5),
to define technical and professional standards for treatment centres and for the care of
ventilated or respiratory-assisted individuals outside of hospital environments. Sixth (6), to
establish principles of quality assurance and lifelong follow-up in long-term care, regardless
of the care setting.

2. Methods
This consensus-based S2k guideline was developed by the “BeAtmung” working

group of the German-speaking Medical Society for Paraplegiology (DMGP), in collaboration
with experts from Germany and Switzerland and with consensus from eight professional
societies (Table 1). The development followed the German Association of the Scientific
Medical Societies (AWMF) guidance manual.

Table 1. Participating organizations.

German Society for Paediatrics and Adolescent Medicine (DGKJ)

German Interdisciplinary Society for Out-of-Hospital Ventilation (DIGAB)

German Society for Neurology (DGN)

German Society for Pneumology and Respiratory Medicine (DGP)

Swiss Society of Pneumology (SGP)

German Society for Sleep Research and Sleep Medicine (DGSM)

Support Association for Paraplegics in Germany (Fördergemeinschaft für
Querschnittgelähmte in Deutschland e.V.)

ParaHelp AG of the Paraplegic Group Nottwil, Switzerland

The structure and key topics of the guideline were defined during several editorial
meetings. Each expert was assigned a specific topic and tasked with preparing a draft for
their section. The editorial team consisted of eight experts from the fields of medicine, nurs-
ing, physiotherapy, and respiratory therapy, including one person living with high-level
SCI and dependent on ventilation, ensuring that lived experience was directly integrated
into the development process.

Each contributor conducted topic-focused literature searches for their assigned area in
Pub med/Medline, Cochrane Library, and Embase, with the overall search approach dis-
cussed and refined collaboratively. Relevant international guidelines and recommendations
from professional societies were reviewed and, where appropriate, taken into consideration.
The individual drafts were compiled into a preliminary version, which underwent con-
tinuous revision in documented meetings and through repeated opportunities for written
feedback. The final draft was circulated among all working group members and submitted
to the DMGP guideline commission.
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2.1. Consensus Conference

The consensus conference was held on 18 January 2022, as a pandemic-related hybrid
meeting, with in-person participation at BG-Klinik Frankfurt and additional participation
via videoconference (Zoom). A total of ten voting participants took part in the formal
consensus process, comprising members of the author group and representatives of the
participating professional societies. All professional societies had submitted written com-
ments on the draft guideline in advance. These comments were systematically reviewed
prior to the consensus conference and incorporated into a revised draft. In addition, repre-
sentatives of the professional societies were given the opportunity to actively participate in
the discussion during the Zoom conference.

During the consensus conference, the previously formulated recommendations were
discussed stepwise and transformed into recommendations. Voting was conducted in
accordance with the AWMF methodological framework, and the level of consensus was
defined for each recommendation (>75% consensus, >95% strong consensus).

Consensus was achieved for all recommendations, with the exception of the originally
proposed recommendation 7 (ventilator-associated lower respiratory tract infections). This
statement was removed without replacement. One dissenting vote was recorded for
this decision, while all remaining participants agreed with the removal. For all other
recommendations, strong consensus (100% agreement) was achieved.

Following the consensus conference, the revised version of the guideline was circulated
again to all participants to allow verification that their comments and suggestions had been
appropriately addressed.

2.2. Recommendations

The guideline includes 11 specific recommendations addressing ventilation, moni-
toring, care structures, and discharge planning. Recommendations were graded using a
three-level scheme (“need,” “should,” and “can be considered”) (Table 2), and consensus
strength was classified as strong (>95%), consensus (>75–95%), majority (>50–75%), or
no consensus (<50%) (Table 3). According to the AWMF classification system, this is an
S2k guideline.

Table 2. Three-level scheme for graduating recommendations.

Description Expression

Strong recommendation Need/need not

Recommendation Should/should not

Open recommendation Can be considered/waived

Table 3. Determination of consensus strength.

Classification of Consensus Strength

Strong consensus >95% of those eligible to vote

Consensus >75–95% of those eligible to vote

Majority consensus >50–75% of those eligible to vote

No majority consensus <50% of those eligible to vote

To improve reporting transparency for this publication, the manuscript was prepared
in accordance with the Reporting Items for Practice Guidelines in Healthcare (RIGHT)
checklist, which is provided as Supplementary Materials.
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3. Results
3.1. Respiratory Consequences of Spinal Cord Injury

SCI often leads to reduced respiratory function and consequently to an increased risk of
pneumonia [1]. Contributing factors include weakened inspiratory and expiratory muscles
due to paralysis, including auxiliary muscles, altered lung and thoracic wall compliance,
especially over time, impaired central respiratory control, reduced airway diameter and
responsiveness caused by autonomic dysregulation, and disrupted thoraco-abdominal
interaction due to diaphragm displacement and pressure imbalances [13].

As a result of the decrease in the strength of the inspiratory muscles, the vital capacity
(inspiratory (VC) and forced VC (FVC)), the respiratory volume (AZV), the one-second
capacity (FEV1), and the inspiratory capacity decrease depending on the level of SCI [14].
Respiratory minute volume (AMV) is maintained through compensatory increases in respi-
ratory rate. Additionally, the lack of rib cage stabilization by the intercostal muscles leads
to paradoxical inward movement during inspiration [15,16]. The decrease in expiratory
muscle strength leads to a reduction in expiratory reserve volume (ERV), depending on the
level of paralysis, and thus to an increase in residual volume (RV), and additionally reduces
VC [17,18]. These changes are collectively described as “complex restrictive patterns” [19].
Maximum achievable airflow during coughing is reduced, making effective clearance of
bronchial secretions difficult. When peak cough flow (PCF) falls below 270 L/min, secre-
tion expectoration is no longer reliably effective, and becomes nearly impossible below
160 L/min [20,21]. PCF can be easily measured with a peak flow meter and should be
assessed in all patients with potentially impaired respiratory muscle function and increased
risk of secretion retention.

Lung and thoracic compliance is reduced in people with tetraplegia due to a decrease
in lung volumes and changes in surfactant when breathing with low lung volumes, even
one year after the onset of SCI [2,3]. The stiffening of the rib thorax due to ankylosis of the
rib joints and the spasticity of the intercostal muscles further reduce thoracic compliance in
the course of time [4–6].

Centrally controlled breathing is impaired in patients with tetraplegia. Respiratory
drive in response to hypercapnia is diminished [22–24]. Central respiratory regulation dis-
orders occur more frequently at night, partly caused by drugs with respiratory depressive
side effects that are used for complications of paraplegia (e.g., pain, spasticity) [25].

In cases of SCI above Th6, the sympathetic innervation of the airways is disrupted.
The absence of sympathetic activity, combined with unopposed vagal cholinergic stim-
ulation, results in bronchoconstriction, increased secretion production, and bronchial
hyperreactivity [26,27].

The interaction between the abdomen and thorax becomes particularly relevant in
tetraplegia, influenced by changes in position, increased intra-abdominal pressure, and trunk
spasticity [28,29]. Due to increased abdominal compliance following loss of abdominal muscle
innervation, the diaphragm is passively displaced caudally and flattened in the sitting position.
Simultaneously, intra-abdominal organs shift ventrally and caudally, reducing the diaphragm’s
lateral apposition zone and vertical contraction force. This leads to decreased AZV, increased
work of breathing, and more rapid onset of dyspnoea. Unlike classic orthopnoea, AZV may
be lower in the sitting than in the lying position; however, evidence regarding position-
dependent changes in lung volumes in SCI is inconsistent [30–32]. Additionally, increased
intra-abdominal pressure caused by coprostasis, flatulence, or abdominal muscle spasticity
further elevates the work of breathing and contributes to dyspnoea. These phenomena are
frequently observed in individuals with SCI due to delayed gastrointestinal transit [28,29].

In the long-term, lung function may decline beyond normal age-related changes [7,8].
Factors such as obesity, reduced inspiratory muscle strength, persistent bronchial obstruction,
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and lesion level influence this progression [7–12]. The incidence of lung disease correlates with
the degree of lung function impairment, smoking, signs of obstructive pulmonary disease,
and previous pneumonia, but not with lesion size, classification, or duration [33].

 

3.2. Cough and Secretion Management

Non-invasive mechanical ventilatory support (NIV) or invasive ventilation, as well as
electrical stimulation of the diaphragm, can only be successful if the airway is open and
free of secretions. Obstruction of airways by secretions leads to decreased ventilation and
worsening of the ventilation-perfusion ratio and increases the risk of shunts, atelectasis
and bronchopneumonia. Monitoring and interventions regarding cough and secretion
management must therefore take place before initiating mechanical respiratory support or
electrical stimulation [34,35]. Cough support should be considered in all patients with a
PCF below 270 L/min [20,21,36]. Given the central role of effective cough and secretion
management, a range of specific techniques may be required, including breathing exercises,
mechanical insufflation–exsufflation [37,38], high-frequency chest wall oscillation, manual
chest physiotherapy, autogenic drainage, oscillating positive expiratory pressure (OPEP),
positive expiratory pressure (PEP), active cycle of breathing techniques, and intrapulmonary
percussive ventilation [39].

The goals of effective cough and secretion management are to ensure efficient expecto-
ration of secretions, prevent secretion retention and atelectasis, and improve ventilation
while reducing the risk of bronchopneumonia [40].

These goals are achieved as follows:

• Ventilate the lungs to the maximum possible inspiratory capacity (MIC) before cough-
ing up [41]. This can be achieved by mobilisation, change of position, air stacking,
inflation with the resuscitator or by means of glossopharyngeal breathing.

• A strengthening of the in- and expiratory musculature to improve inspiratory capacity
and maximum expiratory flow [42,43].

• Specific positioning techniques (e.g., head-down and/or 135◦ positioning) to facilitate
and improve expectoration [44].

• Improving maximum airflow during cough thrust by compressing the abdomen using
a three-part abdominal belt [45].

• Assisted coughing techniques with a target maximum cough thrust of >270 L/min [20]:
Deeper inspiration by air stacking, glossopharyngeal breathing, insufflation with a
resuscitator, intermittent positive pressure breathing (IPPB device) or in-exsufflators
should be used to achieve the highest possible inspiratory volume in order to then
maximally increase the air flow during expiration by means of manual compression
on the upper abdomen in a dorso-cranial direction [46,47].

• Inhalation with hyperosmolar saline, preferably as part of IPPB therapy.
• Extra- or intrathoracic vibration for secretion mobilization.
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Cough and secretion management is an integral part of the long-term success of
efficient ventilation. For any form of long-term ventilation, the patient and the patient’s
care team must be trained in the efficient coughing up of secretions.

3.2.1. Mechanical Coughing Techniques

These techniques can be used if, with correctly performed manual-assisted techniques,
the maximum cough output remains low (<270 L/min) or the secretions cannot be coughed
up effectively. Correct patient and carer attitude and training is critical for success.

3.2.2. Special Aspects in Tracheotomised and Invasively Ventilated Patients

Assisted coughing and mechanical coughing aids (in-exsufflators) are recommended
to reduce invasive suctioning as much as possible [48]. Mechanically assisted expectora-
tion using an in-exsufflator can also be used for invasively ventilated patients [49,50]. It
should be noted that the lumen of the tracheal cannula has an influence on the pressure
applied intrathoracically [51]. Patients usually prefer mechanical expectoration to invasive
suction [52].

In addition, invasively ventilated patients should be ventilated with a cannula without
a cuff as soon as possible, taking into account adequate volumes, or for as long as possible
with an unblocked cannula [53]. The aim here is, in addition to preventing tracheal damage,
to improve secretion management and swallowing function, as well as to enable speech [54].

Endotracheal suctioning: Minimally invasive suctioning is preferable to deep suction-
ing reaching into the main bronchi in tracheotomised patients, as this is associated with
fewer side effects [48]. Particularly in the case of a high degree of recently occurred SCI, it
should be noted that the autonomic dysregulation can provoke a drop in blood pressure or
bradycardia up to asystole [55,56]. Depending on the situation, this may still be necessary.
Attention is drawn to atraumatic procedures.

Two principles are available for respiratory gas heating and humidification—controlled
heating and humidification (active respiratory gas conditioning) or a heat exchanger (pas-
sive respiratory gas conditioning, e.g., a heat and moisture exchanger (HME) filter—and
these should be used in invasively ventilated patients depending on the nature of the
secretion [57].

An algorithm for cough and secretion management can be used to structure a consis-
tent approach [58] (Figure 1). Reference is made to the algorithm for secretion management
during non-invasive ventilation in neuromuscular diseases [58].

If coughing is reduced without signs of secretion stasis, consider training the patient
and caregiver to be prepared in case of increased secretion.

In case of decreased cough thrust with signs of secretion stasis, characterised by
episodes of respiratory distress, thoracic tightness, drop in saturation of >3% from baseline
or a drop in saturation < 95%, prompt manually assisted expectoration is necessary.

If expectoration of secretions is not assured despite manually assisted coughing tech-
niques, and the maximum cough thrust under assisted coughing techniques is <270 L/min,
then the use of an in/exsufflator is justified.

3.3. Atelectasis Prophylaxis

Atelectasis is a common complication in people with SCI [59]. The development
in people with SCI is usually due to a combination of reduced ventilation as a result
of bronchoconstriction or obstruction due to retention of secretions, reduced inspiratory
capacity with a decrease in the strength of the inspiratory muscles and, particularly in the
acute phase of SCI, pleural effusions [59]. Although studies with a high level of evidence
for the prevention of these complications are lacking, the following recommendations can
nevertheless be made [60]:
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Spinal Cord Injury 
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Use daily and as required 
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              PCF = Peak Cough Flow 

Figure 1. Flow diagram for cough and secretion management (modified according to the DGP
guideline, “Non-Invasive and Invasive Ventilation as Therapy for Chronic Respiratory Insufficiency,”
Revision 2017 [58]).
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• Efficient mobilisation of secretions through nursing, physiotherapeutic and/or
equipment-assisted measures to keep the airways open.

• The use of an abdominal belt improves diaphragmatic function by increasing the
apposition zone (ideal in a sitting or 70◦ standing table position) and thus leads to
improved inspiration and more efficient coughing in the wheelchair [45,61].

 

3.4. Sleep-Related Respiratory Disorders

Breathing disorders during sleep, such as obstructive and central sleep apnoea or
alveolar hypoventilation, are more common in people with spinal paralysis than in the
normal population [62,63]. Especially in people with tetraplegia, breathing disorders
during sleep are present in approx. 60% within the first year after paralysis [64]. Several
interacting mechanisms are thought to underlie the increased prevalence of sleep-related
breathing disorders in this population. These include increased upper airway obstruction
due to spasticity of the respiratory support muscles and, in some cases, hypertrophy of
the cervical and neck musculature, as well as increased intra-abdominal pressure and
reduced lung volumes. In addition, elevated nasal resistance has been demonstrated in
people with tetraplegia and may further contribute to upper airway obstruction during
sleep [65]. Moreover, a fluid shift from the lower extremities to the upper trunk when
changing from a wheelchair to the supine position—particularly in individuals with para-
or tetraplegia—has been proposed to increase upper airway resistance and may partly
explain the higher prevalence of OSA in this group. However, this mechanism remains
hypothetical and requires further investigation [66]. An increased neck circumference
has also been described as a potential risk factor for sleep apnoea in tetraplegic patients,
although its relevance remains controversial in the literature [64]. Additional factors such
as increased intra-abdominal pressure, reduced lung volumes, the use of centrally acting
analgesic and/or antispastic medications, and obesity related to physical inactivity appear
to exert additive negative effects on the occurrence of OSA [67]. In addition to acute
hypercapnia due to a lack of voluntary use of the still existing auxiliary respiratory muscles,
chronic hypercapnia can develop, as in people with neuromuscular diseases, which then
also causes a reduction in the hypercapnic respiratory drive [68]. The symptoms in people
with tetraplegia with obstructive sleep apnoea syndrome include, in addition to the typical
symptoms such as daytime sleepiness, sleepiness [69] and blood pressure changes [70],
neurocognitive impairments such as reduced attention, concentration and learning ability
as well as memory deficits [71].

3.4.1. Therapy

Continuous positive airway pressure (CPAP) and auto-CPAP therapy, bilevel positive
airway pressure (PAP) therapy and adaptive servo-ventilation have been established for the
therapy of sleep-associated respiratory disorders, depending on the underlying respiratory
disorder. In people with tetraplegia, it has been shown that lower CPAP pressure settings
are needed for successful therapy when compared with non-paraplegic people (in 69% of
people with tetraplegia < 10 cmH2O) [72]. However, it is important to note that adherence
to CPAP therapy is reduced in this patient population [67], a finding that has also been
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confirmed in a more recent study [73]. In particular, in individuals with tetraplegia, safety
aspects related to mask selection and handling become highly relevant and may restrict the
range of feasible therapeutic options. A randomized controlled trial further demonstrated
that, in patients with acute tetraplegia and nocturnal breathing disorders, (A)CPAP therapy
improved daytime sleepiness but did not improve neurocognitive dysfunction [74].

The choice of respiratory support mode (CPAP; ASV; bilevel PAP) is basically identical
to that for non-paraplegic people. Experience shows that CPAP therapy is sometimes not
tolerated in people with severe SCI, especially when higher pressure levels are required,
because of the increased work of breathing associated with reduced strength of the respi-
ratory muscles [75]. If necessary, a switch to bilevel PAP therapy may be considered [75],
provided that an appropriate backup rate is established. In this context, careful monitoring
is essential, as inadequate settings may increase the risk of inducing or exacerbating central
sleep apnoea. To date, there are no studies demonstrating proof of concept for the feasibility
or effectiveness of this approach specifically in the SCI population.

Independent handling of the mask must be ensured, in particular safe removal of the
mask, if necessary by means of individual adjustments and, if hand and finger function are
insufficient, securing of the alarm option or implementation and monitoring by an assistant.

In addition to a ramp function (a slow pressure build-up over a longer period of
time until the therapy pressure is reached), people with tetraplegia in particular find it
pleasant to switch on the CPAP device by triggering it through the nose. Furthermore,
the breathing air should be humidified in order to optimally humidify the airways and to
avoid an increased formation of viscous secretions.

3.4.2. Sleep Quality Under Ventilation

A carefully adapted form of ventilation during initial treatment, regardless of whether
it is pressure- or volume-controlled or diaphragm-stimulated, usually leads to sufficient
sleep quality. Only patients who have been continuously treated with a phrenic nerve
stimulator (PNS) show significant sleep quality deficits when they are returned to external
positive pressure ventilation [76].

3.4.3. Screening

Despite frequent daytime symptoms as a result of breathing disorders during sleep,
sleep apnoea syndrome and sleep-related hypoventilation are often not diagnosed and
remain untreated [77]. Observed apnoea, pronounced snoring, daytime sleepiness (deter-
mined with the Epworth sleepiness scale or the Berlin questionnaire), arterial hypertension,
or lack of blood pressure reduction at night are reasons for further clarification in a centre
with a sleep laboratory and experience in long-term ventilation (stepwise procedure analo-
gous to the recommendations of the DGP guideline) [58], polygraphy, polysomnography,
continuous SaO2 and PtcCO2 measurement). In people with tetraplegia, a clarification
should be considered within the first year after the onset of SCI, even if there are few or no
daytime symptoms [78].

In high SCI, central nocturnal respiratory disorders are also found more frequently.
Polysomnography is recommended to correctly classify and determine the extent of the
nocturnal breathing disorder. It is useful to perform a capnography at the same time.
Polysomnography is also recommended to assess the stages of sleep. The sleep-related
breathing disorders first occur in REM sleep [79].
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3.5. Acute Respiratory Insufficiency

The restriction of the respiratory pump in acute SCI often leads to protracted hypox-
aemic or ventilatory insufficiency, depending on the lesion level and in combination with
additional thoracoabdominal injuries. For these reasons, rapid weaning from ventilation is
often not possible. In the case of higher SCI, a narrower indication for invasive ventilation
results from the above-mentioned SCI-specific features, such as, and in particular, the man-
agement of secretions, whereas in the case of lower SCI levels, the route via a non-invasive
form of ventilation can be considered as an alternative.

3.5.1. Tracheotomy

Tracheostomy for acute tetraplegia is recommended for the following cases:

• In case of motoric complete tetraplegia according to American Spinal Injury As-
sociation Impairment Scale (AIS) A and B [80] (Supplement S1) and existing
respiratory insufficiency.

• Where VC ≤ 500 mL.
• Where there is an Injury Severity Score (ISS) > 32.

Early tracheotomy (<10 days after onset of a SCI) shortens both ICU length of stay and
total ventilation time (assuming successful weaning). Unaffected by this are both the pneu-
monia rate and the total duration of cross-section-specific treatment [81]. The tracheotomy
can be performed dilatatively or with plastic surgery. Advantages are the withdrawal of
analgosedation and thus the earlier integration of the awake, ventilated patient into the
first phases of the cross-section-specific rehabilitative therapies (e.g., mobilisation into the
wheelchair, speech training, oral feeding and, if necessary, weaning).

People with high tetraplegia can occasionally be NIV-breathed even in the acute
phase [49] or extubated early and then NIV-breathed [82]. However, this procedure is
reserved for experienced centres, as otherwise the incidence of re-intubations and re-
tracheotomies is increased [83].

For permanently invasively ventilated patients, the tracheostoma should be stable
according to the current S2k guideline “Non-invasive and invasive ventilation” of the
DGP [58,84]. As a rule, these are surgically created, epithelialized tracheostomata. In
exceptional cases, a stable, non-epithelialized tracheostoma may also be sufficient [85].

After a tracheostomy, the possibility of decannulation should be evaluated early and
regularly. In this context, ‘early’ is defined as the point when stable ventilation is achieved,
effective secretion management is established, and pulmonary infection is absent. For
further details, please refer to the flowchart in the Supplementary Materials. The timing for
initiating the decannulation procedure varies for each patient; here, ‘early’ emphasizes the
importance of promptly considering the transition away from tracheostomy.

3.5.2. Decannulation

Whenever decannulation is sought in people with SCI, a structured procedure is
useful. For this, reference can be made to the detailed decannulation scheme of the DMGP
(Supplement S2) or to the NEURODECANN Clinical Score [86].
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3.5.3. Early Mobilisation

Additional risk factors in acute and long-term ventilation of people with SCI are pneu-
monia [87], pressure ulcers [88], and thromboembolism [89]. Therefore, early mobilisation
of these patients is already recommended in ICU and intermediate care units (IMCs) [88],
taking into account the necessary equipment and personnel requirements.

3.6. Invasive Ventilation

Special features must be emphasised for people with SCI who require invasive venti-
lation because of prolonged ventilatory insufficiency. See also chapter 14 SCI of the S2k
guideline of the DGP, “Non-Invasive and Invasive Ventilation as a Therapy for Chronic
Respiratory Insufficiency”, Revision 2017 [58].

3.6.1. Ventilation Settings

The goals in choosing the ventilation mode for people with SCI are as follows:

• Adequate oxygenation and CO2 elimination with subjective comfort.
• Prevention of atelectasis.
• Possibility of phonation under ventilation.

3.6.2. Pressure and Volume-Controlled Modes

There are no reliable studies to answer the question of whether volume-controlled or
pressure-controlled ventilation methods should preferably be chosen [84]. Both methods
can therefore be chosen with the appropriate expertise and clinical circumstances. If
pressure-controlled ventilation is used, a minimum/backup volume should be stored, as
spasticity and positioning can cause the tidal volume to drop immediately.

Based on biomechanical considerations, pressure-controlled forms of ventilation are
advantageous over volume-controlled ventilation for the prevention of atelectasis and for
possible compensation in case of leakage ventilation (to allow the patient to speak).

3.6.3. Target Volume and Hypocapnia

The target volume to be aimed at with the set inspiratory pressure level is judged
differently. According to the current recommendations, the target volume should be within
the limits of 6–8 mL/kg ideal body weight [90]. In the past, 10–15 mL/kg was recommended
in the acute phase, based on the ideal body weight [91]. These high tidal volumes can still
be found in people with tetraplegia who have been permanently ventilated for decades in
some cases. In the current practice of German-speaking centres for SCI, the target volume
is 8 to a maximum of 10 mL/kg ideal body weight. A PEEP of 5–6 cmH2O can be selected
for atelectasis prophylaxis with a blocked tracheal cannula.

Normocapnia is the goal. However, hypocapnia is often observed, to which the
ventilated person with tetraplegia becomes accustomed. This can result in subjective
dyspnoea under normocapnia.

Although hyperventilation is frequently observed in long-term tracheostomized ven-
tilated patients, correction of this condition is often difficult, as reductions in ventilatory
volume are commonly associated with patient discomfort, particularly sensations of dysp-
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noea. Nevertheless, when ventilatory volumes can be safely reduced, several advantages
may be observed [92,93]:

• Improvement of the ability to speak.
• Prevention of atelectasis.
• Enabling fluctuating minute volumes without suffering hypoxaemia.
• Preventing a decrease in static compliance.
• Preventing subjective breathlessness under ventilation.

The potential risk of volutrauma should be carefully considered. In parallel, the
formation of atelectasis must be anticipated and prevented as far as possible.

Ventilatory management in isolated ventilatory pump failure, as seen in high SCI,
differs fundamentally from ventilation strategies required in combined ventilatory pump
and lung parenchymal failure, such as chronic obstructive pulmonary disease (COPD) or
acute respiratory distress syndrome (ARDS). Consequently, direct comparisons between
these conditions are limited.

Lung parenchyma in patients with acute SCI is generally preserved, apart from in
cases of complications such as atelectasis or pneumonia. Mechanical ventilation strategies
in this population have therefore traditionally focused on correcting hypoventilation and
preventing atelectasis, including the cautious use of increased tidal volumes. Low tidal
volumes may promote atelectasis in this population, whereas carefully increased tidal
volumes may reduce its incidence.

This approach contrasts with lung-protective ventilation strategies recommended for
patients with diffuse lung injury such as ARDS, which should be applied if ARDS develops.

3.6.4. Summary

Thus, the literature provides the following recommendations on ventilation modes for
invasively long-term ventilated and lung-healthy people with tetraplegia:

• Use of pressure-controlled ventilation with relatively high tidal volumes (starting with
8–10 mL/kg ideal body weight).

• Use of a backup/minimum volume under pressure-controlled ventilation, as spasticity
and positioning can immediately cause the tidal volume to drop.

• Due to vegetative dysregulation (temperature dysregulation, circulatory dysregulation,
etc.) it is often necessary to adjust parameters (e.g., inspiratory pressure or ventilation
frequency) to the situation.

• In ventilated persons with high tetraplegia, normoventilation is the goal, although
patients often prefer hypocapnia due to a sensation of breathlessness despite normal
blood gas values. For better phonation and avoidance of tracheal lesions, the longest
possible unblocking time of the tracheal cannula under ventilation should be made
possible for each individual patient.
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3.7. Communication and Phonation

In particular, invasively ventilated people with SCI should have the possibility to speak
under ventilation, even on ICU and IMC wards (Figure 2). In addition to the advantages of
better communication and higher quality of life, this increase in laryngeal awareness can
improve the act of swallowing and thus also prevent aspiration [94,95].

 

Figure 2. Practical recommendation for phonation.

3.7.1. Phonation Under Ventilation

The inability to communicate via speech represents a significant restriction of partici-
pation in everyday life for the invasively ventilated or partially ventilated patient. Loud
and clear phonation under ventilation with moderate or non-existent dysphagia is basically
possible and can be learned [96–98]. There are three ways to do this:

1. Leakage ventilation.
2. Leakage ventilation using speaking valves in ventilation systems (so-called

phonation valves).
3. Use of speaking cannulae, as follows:

a. Fenestrated tracheal cannulae with inner cannula (“core”).
b. Non-fenestrated tracheal cannula with subglottic air introduction.

3.7.2. Leakage Ventilation

When ventilating with a tracheal cannula and blocked cuff, the airflow is directed uni-
laterally towards the tracheo-bronchial tree. If the cuff is vented (leakage) under controlled
ventilation, air also flows retrogradely next to the cannula shaft through the glottis, so that
phonation is possible depending on the flow strength of the air stream—even in the exhala-
tion phase [99,100]. It is important to note that the machine-set PEEP is not maintained,
but alveolar ventilation can still be ensured by the increased inspiratory pressure with
appropriate adjustment of pressure or volume. An increased PEEP level (between 10 and
12 cmH2O) leads to a higher airflow in expiration, so that a clearer and louder phonation
can be achieved [101–104]. The continuous airflow generated by the increased PEEP is
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perceived as disturbing or not tolerated by some patients. A bilevel ventilation mode has
advantages over an assisted controlled ventilation mode for speech in this situation [102].

3.7.3. Leakage Ventilation Using a Phonation Valve

If a phonation valve is interposed (the cuff must be unblocked), the phonation possi-
bility is improved because no air escapes through the cannula during exhalation and thus
the entire exhalation volume flows through the glottis. Care must be taken to ensure that
there is sufficient space for the escaping exhaled air next to the cannula, as the exhaled air
can only escape through the upper airways (e.g., cannula with smaller outer diameter, less
volume of the unblocked cuff, windowing in the cannula). Assessing exhalation pressure
using a pressure gauge can be helpful in these situations. In this way, there is the addi-
tional advantage that phonation is possible with almost equal force in the inhalation and
exhalation phases [91–95].

3.7.4. Speaking Tubes

(a) Fenestrated tracheal cannulae with inner cannula (“soul”)

There are many tracheal cannulae that are designed to improve the airflow to the
vocal folds by fenestration or screening in the bend. However, care must be taken to ensure
that the fenestration is correctly positioned and, if necessary, this must also be checked
endoscopically. For effective ventilation with a blocked cuff without the possibility of
phonation, the fenestration can be removed by means of a closed inner cannula.

(b) Non-fenestrated tracheal cannula with subglottic air supply

If unblocking or the use of a speaking tube is not possible, it is possible to use a
blockable tube with subglottic suction capability to introduce air through this channel above
the cuff instead of suctioning above it. In this way, phonation can be trained continuously,
independent of the breathing cycle. If unblocking of the cannula is not possible, the use
of this type of cannula, depending on the proximity of the air introduction channel to
the upper cuff pole, often results in the problem of saliva lying in front of the channel
entrance, causing a “bubbling” speech. The air flow that must necessarily be introduced
is also perceived as very annoying by some patients, although during pauses in speech
the air flow could be prevented by a fingertip—however, this is not usable for people with
high tetraplegia without outside help. Overall, this type of cannula is only used by a few
patients and is tolerated over a longer period of time.

 

3.8. Ventilator-Associated Lower Respiratory Tract Infections

People with SCI under invasive ventilation with failure of the respiratory pump and
simultaneously reduced coughing ability are more frequently carriers of multi-resistant
pathogens in the airways. In the case of gram-negative pathogens, an increase in the
degree of resistance is particularly evident due to the escalation of intravenous antibiotic
therapies, especially in patients receiving long-term treatment. In this regard, we refer to the
publications currently published by the Robert Koch Institute on the use of antibiotics [105].

Ventilator-associated tracheobronchitis (VAT) is characterised by fever, increased se-
cretion volume, positive culture of bronchial secretions without evidence of radiologically
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detectable infiltrates. This can also be described as a condition between lower airway colonisa-
tion and ventilator-associated pneumonia (VAP) [106]. The incidence is between 1.4–11% [107].
Frequently detected pathogens are Pseudomonas aeruginosa, Staphylococcus aureus, and
Acinetobacter baumannii [108]. This also includes multi-resistant germs [109]. VAT is associ-
ated with longer mechanical ventilation, longer ICU length of stay and higher mortality [107].
In addition to intravenous administration, antibiotics can also be successful in treating VAT by
inhalation [110,111].

Inhaled antibiotic therapy can be considered for recurrent respiratory tract infec-
tions and bronchopneumonia, as well as for recurrent secretions due to exacerbations of
tracheobronchitis in analogy to the therapy recommendations for “non-CF bronchiecta-
sis” [112] and the S3 guideline “Epidemiology, diagnosis and therapy of adult patients with
nosocomial pneumonia” [112,113].

3.9. Weaning

Weaning people with tetraplegia is a challenge for treatment centres for many reasons.
It is mostly a case of prolonged weaning. The contents of the S2k guideline “Prolonged
Weaning,” Revision 2020 of the DGP [114], as well as the contents of the DGNR guide-
line “Prolonged Weaning in Neurological–Neurosurgical Early Rehabilitation” [115] are
considered in the following [85].

As this is usually a case of prolonged, discontinuous weaning in tracheotomised pa-
tients [116,117], the length of stay in specialised wards reported in the literature is between
40 and 292 days [118]. Prolonged weaning is therefore the rule, as recurrent pulmonary
infections, among other things, delay the weaning process [117,119]. The failure rate after
long-term weaning is about 30% [116,118]. In parallel, vegetative dysregulations such as
hypotonia, bradycardia, temperature regulation disorders, and autonomic dysreflexia can
complicate the course of treatment [120,121]. Transfer to NIV should be considered early in
the weaning process.

3.9.1. Pathophysiological Aspects

All people with high SCI are restricted in their breathing [119]. This is rarely due
to (pre-)existing lung diseases, but mainly to the impairment of the muscular respiratory
pump. Often the diaphragm remains, which alone has to do the work of breathing [122]. It
should be borne in mind that even short-term ventilation under analgosedation can addi-
tionally impair diaphragmatic activity [123–125]. Training of this muscle and its remaining
function should be performed carefully and systematically, while strictly avoiding fatigue.
This training has the effect that certain types of muscle fibres, which initially fatigue quickly,
can now provide an endurance performance [126,127]. This phenomenon has been studied
in detail for the first time in people with SCI after stimulation of the phrenic nerve [128].
In this way, respirator-free times can be extended continuously and gradually. Reaching
diaphragmatic fatigue must be avoided, as it may delay the weaning process or render
successful weaning impossible [122,124,129].

3.9.2. Characteristics of People with Spinal Cord Injury

The majority of patients with impaired respiratory function are people with tetraplegia
or -paresis with a level of injury C0–C7 or AIS A, B or C [130]. More rarely, however, people
with SCI are found with additional concomitant injuries and/or diseases that impair
respiratory performance.

3.9.3. Supplementary Exclusion Criteria for the Start of the Weaning Process

In the case of SCI, the following situations should, in particular, be noted, in which
weaning cannot be started or continued:
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• Persistent complete diaphragmatic paralysis.
• Untreated, highly pronounced autonomic dysreflexia.
• Non-compensated trunk spasticity significantly affecting breathing.
• Any form of sepsis.

3.9.4. Practical Procedure of the Weaning Process

Our daily clinical experience with patients with SCI consistently shows different wean-
ing patterns compared with other patient populations [131]. Owing to their neurological
condition, patients with SCI rely predominantly on diaphragmatic breathing during the
weaning process. This breathing pattern is known to generate higher tidal volumes in
the supine position, where the effects of gravity on abdominal content and diaphragm
excursion are minimized. Although additional references cited in this context [28,29]
date from 1987 and 2001, we consider them fully applicable to patients with SCI, as the
underlying pathophysiological mechanisms remain unchanged. Our approach does not
reject the awakening and breathing coordination (ABC) principles but modifies them into
a progressive, long-term strategy. A key element of this modification is the transition
from ‘lying to sitting.’ Weaning in SCI is not just a pulmonary task but a verticalization
process. We perform weaning during a gradual elevation of the upper body, with the final
successful steps often occurring while the patient is seated in a wheelchair. This ‘modified
ABC approach’ allows for successful weaning (or partial daytime independence) even in
cases where standard protocols would have failed.

Strict adherence to conventional weaning windows frequently leads to SCI patients
being prematurely classified as ‘permanently ventilator dependent,’ which significantly
diminishes their quality of life. Our approach does not reject the ABC principles but
modifies them into a progressive, long-term strategy. A key element of this modification
is the transition from ‘lying to sitting.’ Weaning in SCI is not just a pulmonary task
but a verticalization process. We perform weaning during a gradual elevation of the
upper body, with the final successful steps often occurring while the patient is seated in
a wheelchair. This ‘modified ABC approach’ allows for successful weaning (or partial
daytime independence) even in cases where standard protocols would have failed.

Our clinical experience is supported by recent meta-analytical data [132], which
demonstrate that weaning success significantly increases in specialized rehabilitation set-
tings (82%) compared with acute ICUs (63%), often after prolonged periods of ventilation.
Furthermore, specialized guidelines, such as those from the RISCI group (2023), advo-
cate for a progressive ‘ventilator-free breathing’ approach rather than conventional rapid
weaning trials, acknowledging the unique pathophysiological needs of SCI patients. There-
fore, we would like to present a concept that “works in daily business,” which, even if
it is not backed up by a study protocol, is nevertheless guided by the current literature.
Whatever protocol you utilize while performing weaning, your SCI patient clinical focus
must remain on preventing the ‘overloading’ of accessory respiratory and spared genuine
respiratory muscles. Failure to monitor for signs of exhaustion can jeopardize the entire
weaning process and delay the transition to independent breathing. From a spontaneous
breathing time of 20 min/h, weaning can usually be carried out in a sitting position (e.g., in
a wheelchair) due to the trained diaphragm [133]. Monitoring of the AZV and capnometry
must be ensured.

The weaning concept is carried out during the day as follows: A weaning cycle is
planned over 12 h (e.g., 8–20 h). Ideally, for each hour there is a share of spontaneous
breathing and a share of relief time on the ventilator (adapted to the needs of the patient
and the possibilities of the weaning station), this is a discontinuous weaning. This results in
up to 12 training units per day. To determine the increase in the proportion of spontaneous
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breathing, experience tells us that the measurement of the average AZV (spirometrically
measured average AZV over 20 spontaneous breaths) is helpful.

Other influencing variables are VC, respiratory rate, extent of diaphragmatic mobility
(sonography), and cough thrust testing. Important discontinuation criteria for spontaneous
breathing are a decrease in AZV (mean AZV minus 30%) and the development of vegetative
symptoms (spasticity, dysreflexia). The increase units are to be checked every day by means
of these parameters and on the basis of the clinical experience of the practitioners and
should be corrected if necessary. If weaning is successfully completed during the day, i.e.,
the patient is respiratory stable for about a week during the day, weaning is started at night
as follows: The spontaneous breathing time is extended by one hour per day. The patient
has the choice of extending the times into the night or disconnecting from the ventilator
earlier in the early morning hours. Once the patient has been weaned for 24 h, they should
be observed for at least three days to see if spontaneous breathing is stable. If there is
evidence of respiratory insufficiency during night-time weaning, or in the days following
weaning, transfer to an NIV should be made. Standardised protocols have proven helpful
in the weaning process and should be used as part of the documentation process [131]. For
further detailed information see SCIRE 2022 [133].

In cases of patients with long ventilation times, even NIV can be an option to gap
ventilatory insufficiency and is worth exploring in contrast to tracheostomy to improve
quality of life. Such a procedure will be reserved for exceptional cases. While performing
NIV, mouthpiece ventilation may be applied in addition to the use of nasal masks.

 

3.10. Electrostimulation Diaphragm

This is a form of negative-pressure ventilation that is comparable to positive-pressure
ventilation in terms of control parameters, as it too is controlled by a control unit—just
like an external ventilator—in terms of tidal volume and respiratory rate. However, since
electrical impulses trigger diaphragmatic contraction, this controlled form of ventilation is
comparable to natural diaphragmatic breathing. In the case of a spinal cord lesion and/or
congenital or acquired central respiratory regulation disorders, the following systems can
be implanted to stimulate the diaphragm. There are two different systems, direct and
indirect diaphragmatic stimulation. Both systems are suitable for long-term stimulation
and for use over 24 h. Positive effects regarding infection rate, lung ventilation, especially
in the posterior-basal lung segments, and an improvement in secretion management have
been proven. In addition, an improvement in phonation, swallowing, and the sense of
smell and taste has been demonstrated [128,134]. The indirect systems can also be used in
patients with residual respiratory function and can be used unilaterally [128,135].

Exclusion criteria are severe cognitive impairment, a severely damaged heart or lung
parenchyma, as well as prefinally diseased patients. Prerequisites for implantation are
intact alpha-motoneurons (2nd motoneuron) of both undamaged phrenic nerves, as well as
a functioning diaphragm muscle. Lower pulmonary complication rates and improvement
in speech have been described [128,134,136]. Long-term studies have showed a lower
mortality rate compared with conventionally ventilated patients [128,134].

Due to the savings in consumables, these systems are more cost-effective than invasive
ventilation after approx. 3–5 years [128].
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In addition, other negative aspects of invasive positive pressure ventilation are
avoided, primarily diaphragmatic muscle atrophy and also the consequences of the non-
physiological change in thoracic pressure conditions with reduced venous return.

3.10.1. Diaphragmatic Stimulation—Indirect Stimulation (PNS)

Model types (at the time of writing the guideline):

• Atrostim Yukka®/Atrotech Oy, Tampere, Finland
• Avery System®/Avery Biomedical Devices Inc., Commack, NY, USA.
• Thoma System®/Medimplant GmbH, Vienna, Austria (did not have CE approval at

the time of publication).

PNS has been an option for negative pressure ventilation of patients with respiratory
insufficiency since the mid-1960s [137]. Electrodes are implanted on both phrenic nerves
at the level of the 3rd–4th intercostal space mediastinally or in the scalenus gap and all
receivers and cables are inserted intracorporeally. Stimulation is performed transcuta-
neously by induction with closed skin conditions. Thoracic bleeding and pneumothoraces
are possible peri- and postoperative complications. Injuries to the phrenic nerve have
been described.

The threshold and stimulation current values do not change in long-term studies, so
that the above-mentioned systems are suitable for long-term ventilation [138]. Ventilation
times are internationally reported as 24 h/day in more than 50% of cases due to the special
type of stimulation.

3.10.2. Diaphragmatic Stimulation—Direct Stimulation (DPS)

Model types (at the time of writing the guideline):

• NeurX®/Synapse Biomedical Inc., Oberlin, OH, USA
• TransAeris®/Synapse Biomedical Inc., Oberlin, OH, USA

In this procedure, electrodes are inserted laparoscopically directly into the diaphrag-
matic muscle near the entrance of the phrenic nerve and the cables are passed out of the
abdomen [139]. Peri- and postoperative capno- and pneumothorax, cable breaks, and pain
during stimulation are possible complications [140,141].

MRI examinations can be carried out in spite of the inserted electrodes. Continuous
stimulation over 24 h is possible, as is use in partially ventilated and partially spontaneously
breathing patients. Support during weaning or to avoid mechanical ventilation in the case
of increasing respiratory exhaustion or in phases of acute respiratory insufficiency can be
carried out with passive systems (TransAeris®) [142].

 

3.11. Non-Invasive Ventilation (NIV)

NIV can avoid intubation and tracheotomy with the associated complications. The
body’s own filtering and immune defence as well as the optimal warming and humidi-
fication of the respiratory air are thus largely preserved. NIV is used both for long-term
therapy and, increasingly, for acute treatment of respiratory insufficiency to support the
respiratory pump [143].

NIV is intended to be used in the acute situation of exhaustion of many years of adequate
spontaneous breathing to bridge the acute situation and return to spontaneous breathing.
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NIV can provide support in the course of intensive therapy for a first-time acquired
SCI after necessary invasive ventilation following extubation for transition to spontaneous
breathing. It is inferior to tracheostomy and invasive ventilation when the contextual
factors of intensive care indicate that longer-term ventilation is required. In these cases,
early (<10 days) tracheotomy shortens the time of intensive care treatment [144]. NIV is
used for night-time relief during spontaneous breathing during the day. It can also be
used in combination with mask and mouthpiece ventilation for long ventilation times per
day [145].

3.11.1. NIV in the Acute Situation

Patient-related restrictions in the use of NIV, and in particular the limited possibility
of cooperation, must be taken into account in the acute situation after SCI. Experience and
training in the use of NIV, both for the medical staff and the nursing staff, are decisive for
the success and duration of the application. The mandatory prerequisites for successful
NIV, such as functional preservation of the facial and pharyngeal muscles, remain. The
same applies to the contraindications of an uncontrollable secretion as well as abdominal
complications of possible aerophagia. Discontinuation criteria are subject to the criteria
of intensive care ventilation therapy and are based on the blood gas analyses and the
necessary ventilation pressures.

3.11.2. NIV in the Chronic Situation of SCI

Acute respiratory failure is more common in people with SCI. Reasons for this are
pneumonia, atelectasis, pleural effusion, non-pulmonary complications such as sepsis, long
periods of inactivity when lying down due to decubitus ulcer, abdominal complications,
and a slowly progressive exhaustion of the respiratory pump with increasing age [146].

Respiratory insufficiency often manifests first during sleep. The reduced active AZV
with low tidal volumes not only leads to hypoventilation (increased in REM sleep as a
result of the reduced activity of the respiratory support muscles), but also to the promotion
of obstructive apnoea as a result of the reduced dilation of the upper airways [147].

Disturbed sleep, headaches, fatigue, sleepiness during the day, blood pressure dys-
regulation, intellectual performance loss with impaired concentration and memory are
the consequences.

To date, no reliable predictors of progressive ventilatory insufficiency have been
established. Analogous to patients with neuromuscular disorders, the 20–30–40 rule (VC
less than 20 mL/kg ideal body weight; maximal inspiratory pressure (Pimax) less than
30 cmH2O; maximal expiratory pressure (Pemax) less than 40 cmH2O [148] or FVC is
<40%) may help anticipate impending respiratory failure and support timely decision-
making regarding airway protection before emergency intubation and invasive ventilation
become necessary, thereby preventing life-threatening complications. Importantly, these
patients may be at substantial risk of ventilatory failure despite the absence of CO2 retention.
Consequently, blood gas analysis alone is not a reliable parameter for determining the need
for airway-securing interventions [149–152].

Prerequisites for the implementation of the NIV are as follows [153]:

• Functional preservation of the facial and pharyngeal musculature.
• Stable cardiac and circulatory function.
• Absence of severe disturbance of consciousness.
• Absence of facial trauma or facial surgery.
• Experience of the care team.
• Arterial PaCO2 > 45 mmHg during the day, taking into account symptoms of discomfort.
• In the presence of nocturnal hypoventilation under the following conditions [154]:
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# If there is an increase in arterial PaCO2 or tcCO2 > 55 mmHg for >10 min
during sleep.

# If there is an increase in PaCO2 (tcCO2) during sleep of >10 mmHg compared
with wakefulness to a value of >50 mmHg for a minimum of 10 min.

Contraindications are as follows:

• Lack of cooperation of the patient.
• Increased risk of aspiration in the absence of protective reflexes.
• Obstruction of the upper airway.
• Secretions that cannot be controlled by non-invasive means.
• Decubital ulcers in the area of the mask surfaces.
• Ileus due to possible aerophagy.

Initially, 24 h/day NIV is possible and can often be gradually reduced in the further
course. In order to perform long-term NIV in paraplegia over 24 h/day, a high level of
patient adherence and expertise of the treatment team is required. This applies to both
clinical and out-of-hospital care. When initiating NIV in people with SCI, the following
aspects must be considered, depending on the level of the lesion [49,155]:

• If hand/arm function is limited or absent, the mask can only be put on and removed
by an assistant or special adaptations. Particular attention should be paid to the
possibility of rapid independent removal of the mask in emergency situations.

• When using mouth/nose and full-face masks, there is, among other things, a risk
of suffocation (e.g., in case of vomiting or malfunction of the ventilator) and/or
aspiration, especially during sleep. Therefore, if removal by the patient is not possible,
a qualified nurse must continuously monitor ventilation as part of treatment care.
Additional technical monitoring (pulse oximetry) is necessary.

• The possibility for the patient to raise the alarm can be restricted by the NIV (e.g., loud
calling or operating the patient call) and must be technically ensured.

• Assistance with expectoration must also be ensured during the time phases of NIV
application, depending on the needs of the patient.

• The operation of the device by the patient or caregiver must be checked and ensured.
• Fears of the patient, especially unpleasant hyperaesthesia in the facial area (often

the last innervated areas), and a lack of communication with the help of the mimic
musculature during ventilation should be taken into account.

• Aerophagy can occasionally increase intra-abdominal pressure with the risk of malaise,
vomiting or ileus. Whether nasal masks have an advantage over full-face masks in
this context is not documented in the literature. Papers dealing with the differences
between the two types of masks assess the effectiveness of the masks based on the
criteria of sleep quality and the outcome of alveolar ventilation. Patients assessed
the advantages and disadvantages of the other mask system differently and more
often preferred the other system to the one they were used to. Objectively, there
was no significant difference in effectiveness, so that the individual adaptation of the
interface and the adjustment of the ventilation parameters under blood gas control
are decisive [156,157]. In a study on the long-term follow-up of NIV, aerophagia is
described as a frequent occurrence that rarely leads to serious complications and is
essentially dependent on the inspiratory pressure [158].

3.11.3. Ventilation Settings

There are many suitable ventilators available for NIV, often offering a variety of
ventilation modes. However, there is no standardised nomenclature for these modes.

The settings of the ventilation modes have to be selected individually for people with
SCI. Settings that include controlled ventilation parameters are used more often than they
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would be in non-paralysed patients. This also applies to people with SCI with a distended
abdomen. It may be useful to store a backup/minimum volume.

Simultaneously present pulmonary skeletal diseases must be taken into account. The
optimal setting of ventilation parameters in chronic respiratory insufficiency due to high
SCI is not known. Therefore, it makes sense to follow the guidelines for NIV and adjust the
ventilation parameters to the level of paralysis, the lung disease, the thoracic deformities
(kyphoscoliosis typical of paralysis), the abdominal pressure increase (coprostasis and
meteorism), and the extent of dyspnoea as well as the blood gas analysis [159,160].

Furthermore, a respiratory drive disorder is observed at night, especially in peo-
ple with high tetraplegia. Therefore, a sufficiently high background (so-called backup)
frequency must be selected because of the possible lack of triggering.

It is advantageous to titrate NIV adequately under monitored supervision, with the
aim of normoventilation. To improve tolerance, this can be done in a protracted or a
gradual manner.

Initiation of NIV in SCI should initially be with a nasal or nasal pillow mask with
active humidification during the day [155]. If an oral–nasal mask is necessary for people
with tetraplegia, permanent monitoring by a qualified nurse who is permanently present
and by pulse oximetry must be carried out and the possibility of alarm must be ensured. To
improve patient tolerance, NIV should be initiated with low pressure settings, guided by
the degree of hypercapnia and the target ventilation required to achieve normoventilation.
In addition, the use of auto-EPAP may facilitate optimal pressure titration to maintain
upper airway patency.

In addition, polygraphic or polysomnographic monitoring may be recommended if
appropriate [161].

After the initial adjustment, short-term control examinations are necessary to monitor
success. In addition to recording symptoms using structured questionnaires (e.g., Epworth
sleepiness scale; Berlin questionnaire), compliance data should be recorded (e.g., average
nocturnal duration of use; documentation of nights with use of the therapy).

Subsequently, a combined technical and medical check-up is recommended after three
and six months and at 6–12 monthly intervals if the course is stable.

The goals of nocturnal NIV are normalisation of arterial PaCO2 during the day, nor-
moventilation under NIV at night (AHI < 5/h), stable O2 saturation, and improvement of
daytime symptoms.

In the long-term course, the aim is to achieve a survival advantage, an improvement
or ideally a normalisation of blood gases during the day, and an advantage in terms of
quality of life [162].

 

3.12. Transition

In Germany, the framework agreement on discharge management came into force on
1 October 2017 under the precondition of the Act to Strengthen Health Care Provision of
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23 July 2015 [163]. As a result, the contents of the contract were defined to implement the
insured person’s entitlement to discharge management vis-à-vis the hospital, as well as to
support discharge management by the health or long-term care insurance provider. The
specific aspects of transitioning highly paralysed, ventilated patients are outlined below
and aim to support standardisation in patient care within the framework of discharge
management. The SCI, as the primary condition, leads to a lifelong need for medical
treatment, which is derived from the long-term therapeutic goals.

The general treatment goals are as follows:

• To ensure survival.
• To improve the somatic condition, but at least to prevent deterioration, including

possible complications, and to treat it if necessary.
• To improve the mental state, but at least to prevent deterioration.
• To minimise the complications of SCI.
• The specific treatment goals are as follows:
• Daily mobilisation to the wheelchair.
• Restoration/maintenance of the ability to speak (also under ventilation).
• Ensuring communication.
• Restoration of the greatest possible independence in activities of daily living, occupa-

tional and social integration.

3.12.1. Nursing Care

Continuous personal observation of the patient by appropriately qualified nursing
staff, along with the reliable implementation of all disease-specific nursing interventions,
must be ensured by a nursing service that adheres to quality standards for structural,
process, and outcome quality in accordance with § 80 SGB XI and SGB V (applicable in
the Federal Republic of Germany) [164,165]. A high medical standard must be set for the
specialist nursing qualifications of outpatient services, as ventilated individuals with SCI
present diverse and complex care challenges.

In individual cases, it must also be ensured that a second person is available during
the provision of basic care (e.g., major personal hygiene, transfers) when ventilation is re-
quired and additional factors complicate mobilisation (e.g., obesity, contractures, spasticity,
autonomic dysregulation).

To ensure the quality of long-term care for ventilated people with SCI, the following
aspects are particularly important [166] for the evaluation of the patient’s overall situation
before transfer home:

• The structured and controlled training of staff in all treatment groups.
• The mastery of risk management in case of emergency.
• Interventions to be managed after discharge.
• The designation of a structured follow-up programme to monitor quality standards,

especially in specific respiratory care.
• To minimise the risk of incidents, the following factors should be considered and

behaviour trained accordingly [166]:
• Ensuring a contact person in treatment and respiration centres.
• Alarm management.
• Measures to prevent disconnections.
• Power supply and its backup even in the event of failures.
• Seamless and structured exchange of information by means of common or

shared documentation.
• Creation of individualised checklists and their regular review.
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Relatives who wish to provide basic or treatment-related care may be suitable for
doing so. However, their professional competence should be carefully assessed. The
theoretical and practical training required for caring for individuals with this condition is
demanding. It is particularly important to consider that, in emergency situations, relatives
may be emotionally affected, which could impair their ability to respond appropriately.

3.12.2. Provision in the Employer Model/Assistance Model

Individuals who have chosen the employer or personal assistance model of care
independently and responsibly manage the selection of their personal assistants, as well as
assume responsibility for their competence. It is strongly recommended to involve external
experts with experience in the clinical condition and therapeutic procedures, at least for
training purposes, to ensure safe and effective care [84]. It must also be ensured that, in
cases of mandatory ventilation, a sufficient number of qualified nursing staff are always
available to provide assistance, even in challenging situations [167].

3.13. Technical Equipment

Individuals with SCI who are permanently ventilated are continuously dependent on
external assistance for all activities of daily living. Therefore, in addition to clinical observation,
comprehensive technical monitoring is essential to ensure the maintenance of vital functions.
Moreover, a frequent and SCI-specific complication—autonomic dysreflexia—can be detected
through such monitoring. This condition typically presents with a shift from tachycardia
to bradycardia accompanied by persistent hypertension [168,169], as well as an initial rise
in CO2 followed by a drop in peripheral oxygen saturation [170]. Respiratory disturbances
such as hypoxia or hypercapnia may themselves trigger dysreflexive episodes [171], further
underscoring the need for continuous monitoring of these parameters.

3.13.1. Pulse Oximetry and Capnography/Capnometry

Providing a pulse oximeter for individuals with SCI who are partially or fully venti-
lated is essential, as they may not perceive life-threatening oxygen desaturation, nor are
they able to communicate or independently correct it.

The following patient groups should be equipped with a possibility for non-invasive
PCO2 measurement:

• Unstable ventilation situation in autonomic dysreflexia [168,169], spasticity, increased
intra-abdominal pressure in meteorism and coprostasis.

• With implanted PNS or DPS (due to missing volumetry).
• In the case of spontaneous breathing performance dependent on the form of the day

with the risk of exhaustion of the respiratory pump.

3.13.2. Respirometer

A respirometer is indicated for PNS/DPS ventilation due to the absence of volumetric
monitoring. It is also essential for assessing spontaneous breathing performance during
intermittent ventilation.

3.13.3. Supply with a Second Ventilator

The clinical practice of using second ventilators has been well established over many
years and is reflected in recommendations and guidelines issued by experts, expert panels,
and professional societies [84,172–175]. Of particular note is the DGP S2k Guideline
“Non-Invasive and Invasive Ventilation as Therapy for Chronic Respiratory Insufficiency,”
Revision 2017, which explicitly addresses this aspect [58].

This results in the following recommendations:
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A second ventilator (so-called “back-up”) must be available if daily ventilation ex-
ceeds 16 h. In addition, the indication for a second ventilator and an external battery
is always warranted, regardless of daily ventilation duration, if there is a risk of sud-
den, complete ventilator dependency due to SCI-specific complications and individual
patient characteristics.

Furthermore, the daily mobilisation of the patient into the wheelchair, enabling partic-
ipation in everyday life, is a key therapeutic goal. Therefore, a second device, specifically
adapted to the wheelchair setting and equipped with an appropriate power supply (e.g.,
an additional battery), must be available. Frequent changes throughout the day, including
switching the tubing and humidification system from nocturnal to daytime wheelchair
ventilation, compromise both the safety and continuity of respiratory support.

If ventilation is carried out via a PNS or DPS (=first device), an additional ventilator
is absolutely necessary as a second device in case of stimulation failure or during pauses
in stimulation.

 

3.14. Preventive Care/Aftercare

Lifelong follow-up care is important to prevent medical problems, diagnose them
at an early stage and regularly review the rehabilitation process in the outpatient setting.
After discharge from the initial rehabilitation, regular outpatient follow-up checks/site
assessments are ideally carried out. In this way, the transition from inpatient treatment
to the situation at home should be accompanied holistically, emerging medical problems
should be recognised in time and the rehabilitation process should be continued with
therapies and with social and occupational integration. Knowledge of the specific problems
in the long-term course and complications after SCI have led to the development of com-
prehensive paraplegiological and structured annual check-ups. The updated concept of
preventive and follow-up care for people with SCI takes into account the specific problems
of these patients [176]. For detailed recommendations on lifelong follow-up care, we refer
to the current AWMF guideline “Lifelong Follow-Up Care 179-014” of the DMGP.

3.14.1. Long-Term Complications

The complications in people with SCI reported in the literature show clear differences
between ventilated and non-ventilated people with tetraplegia. While pulmonary compli-
cations are typical for people with ventilation, decubital ulceration, pain, and constipation
are more common in non-ventilated people with tetraplegia [117].

3.14.2. Mortality

It is worth noting that understanding which complications most commonly lead to
death in individuals with long-term SCI provides valuable insights for the optimization of
follow-up care. Differences and commonalities between findings from various populations
and healthcare systems must be taken into account when interpreting these data. According
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to a German survey, post-discharge mortality in SCI is largely (90%) caused by paralysis-
related complications, the majority of which are of pulmonary origin [177].

This finding underlines the importance of specialized respiratory management during
long-term follow up.

Notably, the relatively low mortality observed during the initial treatment phase is
followed by a critical two-year period after discharge, during which patients remain particu-
larly vulnerable. After this phase is successfully overcome, further complications appear to
occur less frequently. A plausible explanation may be the combination of closely monitored
inpatient treatment at the beginning and a subsequent learning process in the patient’s
home environment—shared by the patient, family members, primary care physicians, and
caregivers [178]. More recent data are available for the Italian population [179].

3.15. Recommendations for Prevention
3.15.1. Therapy

Even at home, basic breathing exercises may be helpful to reduce the risk of pulmonary
complications. As we know the difficulty of maintaining a routine, and because we consider
them to be meaningful, some of these exercises are again listed below.

• At least 10 min of intensive training are required daily [180].
• Training with inspiratory resistance supported by respiratory muscle training devices

is most effective [181–183]. A frequency of 4–5 times a week and between 60–80% of
maximum inspiratory resistance (Pimax) is advisable [184].

Follow-up examinations should comprise a check of pulmonary function by spirome-
try and measurement of in- and expiratory muscle strength. Capacity to cough up secretions
is monitored by measurement of peak cough flow and maximum inspiratory capacity. Dur-
ing the examination, patient education may help in keeping to the routine protocols by
reviewing manually assisted and device-assisted coughing techniques.

In contrast to the effectiveness of vaccinations and the risk of pulmonary infections
even in patients with SCI, the vaccination rate is still considered low [185]. Therefore, we
have listed vaccinations that are supported by extensive literature and public healthcare
recommendations. For the sake of completeness, potential post-vaccination complications
must be kept in mind and discussed with every patient to ensure informed consent.

3.15.2. Vaccinations

• Annual flu vaccination.
• Pneumococcal polysaccharide vaccination [186–189].
• Pertussis [190].
• COVID-19 booster vaccination [191,192].

3.15.3. Progress Controls

As part of lifelong follow-up, respiratory function should be checked, especially in
people with tetraplegia, by spirometry and measurement of in- and expiratory muscle
strength. A symptom-based search (e.g., polygraphy/polysomnography) for respiratory
disorders during sleep is recommended because of the frequency and increase with age. As
part of lifelong follow-up, the capacity to cough up secretions efficiently should be checked
regularly, especially in people with higher levels of SCI. This is done by measuring peak
cough flow, maximum inspiratory capacity and reviewing assisted and device-assisted
coughing techniques. For detailed recommendations on lifelong follow-up care, please
refer to the current AWMF guideline “Lifelong Follow-Up Care 179–014” of the DMGP.

https://doi.org/10.3390/jor6030013

https://doi.org/10.3390/jor6030013


J. Respir. 2026, 6, 13 26 of 35

 

4. Methodological Limitations
While a formal systematic literature search is not mandatory for S2k guidelines, the

topic-focused approach to the literature review without detailed documentation represents
a methodological limitation with respect to transparency recommended by the AWMF.

Given the time interval between the consensus conference and publication, and in
preparation for the upcoming 2027 revision, no post-conference literature update is cur-
rently being conducted. This may represent a limitation; however, a comprehensive
literature review will be performed for the 2027 guideline revision.

5. Conclusions
This guideline provides a comprehensive framework for the respiratory management

of individuals with acute and chronic SCI. It offers consensus-based recommendations
for diagnostic and therapeutic interventions, ventilation strategies, and long-term care
planning. Developed by experts from Germany and Switzerland, it is intended to sup-
port individuals affected by SCI as well as the healthcare professionals involved in their
treatment, care, and support. Although this guideline was developed within the German-
speaking healthcare context, it may serve as a transferable framework for other healthcare
systems, providing guidance that can be adapted to country-specific legal, organizational,
and reimbursement structures to support respiratory care in SCI. By addressing both clinical
and organizational aspects of respiratory care, the guideline aims to promote appropriate,
high-quality, economical, and quality-assured respiratory support across all care settings.
Successful implementation requires practical expertise, which should be fostered through
targeted hands-on training and specialized education.
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Abbreviations

AHI Apnoea-hypopnea index
AIS American Spinal Injury Association Impairment Scale
ALS Amyotrophic lateral sclerosis
AMV Respiratory minute volume
ARDS Acute respiratory distress syndrome
ARF Acute respiratory failure
ASB Assisted spontaneous breathing
ASSPCV Assisted pressure-controlled ventilation
ASV Adaptive servo ventilation
AVAPS Average volume-assured pressure support
AWMF German Association of the Scientific Medical Societies
AZV Breathing volume
BMI Body mass index
COPD Chronic obstructive lung disease
CPAP Continuous positive airway pressure
DPS Diaphragm stimulation
EPAP Expiratory positive airway pressure
ERV Expiratory reserve volume
FEV1 Forced expiratory volume in 1 s
FiO2 Inspiratory oxygen fraction
FRC Functional residual capacity
FVC Forced vital capacity
ICU Intensive care unit
IPAP Inspiratory positive airway pressure
IPPB Intermittent positive pressure breathing
IVAPS Intelligent volume-assured pressure support
MIC Maximal inspiratory capacity
NIV Non-invasive ventilation
NPV Negative pressure ventilation
OSA(S) Obstructive sleep apnoea (syndrome)
Pemax Peak expiratory pressure
Pimax Peak inspiratory pressure
PAV Proportional assist ventilation
PCF Peak cough flow
PCV Pressure-controlled ventilation
PEEP Positive end-expiratory pressure
PEF Peak expiratory flow
PNS Phrenic nerve stimulation
PPV Pneumococcal polysaccharide vaccination
PSV Pressure support ventilation
RV Residual volume
TLC Total lung capacity
VAP Ventilator associated pneumonia
VAT Ventilator associated tracheobronchitis
VCV Volume controlled ventilation
Vt Tidal volume
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