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Abstract 

 

The utilization of invasive mechanical ventilation (IMV) has become common practice for a large and expanding number of 

patients with chronic respiratory failure resultant from several medical diseases and disorders. Although protocols and 

guidelines for the acute management of respiratory failure exist with expansive evidence-based data, the chronic management 

of similar patients outside the Intensive Care Unit (ICU) setting requiring extended and prolonged durations on invasive 

mechanical ventilation (IMV) has been much less clearly defined. In addition, the vast majority of such care is administered 

outside the acute hospital environment. Most adults requiring chronic mechanical ventilatory support include two general 

populations: 1) patients with severe intrinsic lung disease who have experienced acute respiratory failure initially managed in 

ICU settings and 2) patients with progressive neuromuscular diseases. When attempts at weaning, ventilator liberation, and 

achievement of successful full-time continuous spontaneous ventilation fail, mechanical ventilation management often 

reverts to part-time (predominately nighttime) nocturnal invasive mechanical ventilation (NIMV) with periods of 

spontaneous breathing duration awake daytime hours. Such a practice pattern has been advocated by peer-reviewed published 

expert opinions. Yet such a pattern would appear to potentially exclude many patients from eventual total weaning, ventilator 

liberation and even decannulation and progression to independent sustained life-long spontaneous ventilation.  In addition, 

such a ventilator management program may not even be indicated for patients with progressive neuromuscular disorders in 

the absence of an acute concomitant lung disease. The predominate physiological factors prohibiting sustained spontaneous 

ventilation would appear to be 1) inspiratory muscle (predominantly diaphragmatic) fatigue, which per definition should be 

correctable with appropriate management including the concept of ventilatory muscle rest (VMR) and/or 2) inspiratory 

muscle weakness resultant from a pathological disease entity. However, the elusive nature of defining, appropriately 

monitoring, and subsequent therapy of diaphragmatic fatigue clearly hinders the practical management of this large volume 

of patents thus rendering them “Ventilator Dependent”. In addition, the absence of disease modifying therapies for chronic 

progressive neuromuscular disorders contributes to the eventual outcome of fulminant respiratory failure. The purpose of this 

narrative review is not to challenge but rather to attempt to validate or not validate the concept that nocturnal invasive 

mechanical ventilation (NIMV) is a “valid” goal of IMV on a chronic long-term basis. 
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Introduction 

 

The application and utilization of various modalities of 

assisted ventilation on a chronic basis (outside their 

application during intensive care unit (ICU) and inpatient 

hospital care) has rapidly expanded over the last decades. 

Ventilatory assist devices are now routinely utilized in the 

care of a  wide variety of chronic  patient diseases and 

disorders including:  1) intrinsic lung diseases  such as cystic 

fibrosis (CF), chronic obstructive pulmonary disease 

(COPD), interstitial lung diseases (ILDs), 2) neuromuscular 

disorders such as muscular dystrophy (MD), amyotrophic 

lateral sclerosis (ALS), multiple sclerosis (MS), or 

myasthenia gravis (MG), 3) abnormalities of the chest wall 

such as kyphoscoliosis (KS) or ankylosing spondylitis, 4) 

diseases causing diaphragm dysfunction such as cervical 

spinal cord injury, diaphragmatic paralysis due to phrenic 

nerve injury, 5) diseases of central respiratory drive most 

notable for central congenital hypoventilation syndrome 

(CCHS) or obesity hypoventilation syndrome (OHS), 6) a 

variety of diseases that alter overall mentation, alertness, 

functionality, and mobility such as cerebral palsy (CP), 

traumatic brain injury (TBI), stroke or intracerebral 

hemorrhage (ICH), “locked-in syndrome”, and 7) disease 

causing general loss of muscle function, strength and 

endurance such as  terminal cancer, cachexia, emaciation, 

and critical illness weakness. 

 

The various chronic long-term ventilatory assist modalities 

are generally simplified under two classifications: 1) non-

invasive ventilation (NIV) using nasal, mouth or 

combination interfaces and 2) invasive mechanical 

ventilation (IMV) via tracheostomy interface. The more 

intensive requiring modalities of respiratory support can now 

be delivered in a variety of medical settings outside of the 

acute care hospitals including specialized weaning units, 

long term acute care hospitals, specialized nursing facilities, 

or often at home. Patients requiring these services can range 

in age from newborns to the elderly. Ventilatory assistance 

can range from hours to full-time continuous ventilatory 

support depending upon the uniqueness of each disease and 

each individual patient. In relation to the ventilator 

management of acute hypoxemic respiratory failure and the 

non-invasive ventilatory support for chronic neuromuscular 

diseases, various guidelines exist in attempts to provide 

consensus and standardization to clinical care practices, but 

individualized care requires the knowledge and expertise of 

care providers who can identify and adapt to these various 

clinical situations in multiple clinical care settings on a 

regular and timely basis. 1-4   In general, it appears that for 

clinical scenarios of chronic long-term non-invasive 

ventilation (NIV) that the preferred first option is early 

initiation prophylactically prior to hypercapnia or overt 

respiratory failure and usually initiating non-invasive 

ventilation (NIV) only at nighttime (nocturnal) support with 

the latter transition to invasive mechanical ventilation (IMV) 

as per disease course and progression. 3,4 Yet, there does not 

exist the same consensus as to the strategy and duration of 

invasive mechanical ventilation (IMV) via surgically 

inserted tracheostomy tube interface for chronic prolonged 

ventilatory support especially during the night (nocturnal), 

regardless of disease entity or clinical scenario.   

 
In the following narrative review the primary focus will be a 

discussion of the scientific and clinical data to validate 

current clinical practice patterns for patients receiving 

invasive mechanical ventilation (IMV) on an intermittent 

basis and predominately at night (nocturnal) in adults, i.e. 

nocturnal invasive mechanical ventilation (NIMV) on a 

chronic long-term basis and not as therapy for acute onset 

respiratory diseases. The purpose of this review is not to 

challenge but rather to attempt to validate or not validate the 

concept that nocturnal invasive mechanical ventilation 

(NIMV) is indeed a “valid” goal of IMV on a chronic long-

term basis which by definition would then seem to 

potentially exclude a significant number of patients from 

efforts of full -time liberation and possible de-cannulation. 

Acknowledging consensus conference statements, even the 

concept of nocturnal invasive mechanical ventilation 

(NIVM) as a transition to potential full liberation seems to 

lack objective evidence-based support. 5,6   

 

This review is not intended to discuss various preventive 

strategies and/or potentially efficacious therapies and/or 

interventions to assist in the successful weaning and 

subsequent liberation from invasive mechanical ventilation 

(IMV) for patients requiring prolonged mechanical 

ventilation such as 1) concept of lung-and-diaphragm 

protective ventilation, 2) mobilization and physical therapy, 

3) inspiratory muscle training, or 4) phrenic nerve or 

diaphragmatic pacing. 7-11  

 

One keynote is the awareness of the differences of the timing 

of and/or pathway to the initiation  of mechanical modalities 

between nocturnal support for non-invasive (NNIV) and 

nocturnal support for invasive ventilation (NIMV) that 

being: 1) in general non-invasive ventilation (NIV) is 

initiated when ventilatory capacity is compromised but still 

adequate (often associated with normocapnia or mild 

hypercapnia) for spontaneous ventilation but not failing so as 

to result in overt respiratory failure and 2) the transition to 

nocturnal invasive mechanical ventilation (NIMV) is often 

in the reverse direction in comparison to guidelines for NIV. 

Nocturnal invasive mechanical ventilation (NIMV) is 
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usually initiated after temporary full-time invasive 

mechanical ventilation (IMV) has been first started as 

therapy for diseases such as acute respiratory distress 

syndrome (ARDS) or acute exacerbation of chronic 

obstructive pulmonary disease (COPD) with intent to 

successfully treat the primary underlying disease process and 

eventually achieving full-time liberation from invasive 

mechanical ventilation (IMV). 

 

Review of the medical literature would appear to stratify the 

potential justification and clinical indications of nocturnal-

only invasive mechanical ventilation (NIMV) into two 

distinct disease populations: 1) intrinsic lung diseases of 

high-level severity and 2) diseases affecting the respiratory 

muscles predominately the diaphragm. 12-15 A second 

keynote is the recognition that the mechanisms of chronic 

respiratory failure between these two disease categories is 

vastly different, i.e. inspiratory muscle fatigue due to work 

overload contrasted with diaphragmatic weakness related to 

pathological disease processes.  Thus, it is irrational to think 

that respiratory systems management would be similar in 

these two distinct populations of patients requiring some 

modality and some duration of chronic mechanical 

ventilatory support. 

 

Prevalence Chronic Nocturnal Invasive Mechanical 

Ventilation 

 

In a review of 212 eligible patients requiring prolonged  

mechanical ventilation (PMV) related solely to intrinsic lung 

diseases without any concomitant neuromuscular disorders: 

1) 127 (60%) achieved eventual complete ventilator 

independence, 2) 13 (6%) achieved nocturnal ventilation 

only via tracheostomy, 3) 2 (1%) transitioned to non-

invasive nocturnal ventilatory support only, 4) 4 (2%)  

required full nocturnal and partial daytime daily invasive 

mechanical ventilation, 5) 28 (13%) continued to require full 

time 24 hours per day invasive mechanical ventilatory 

dependency, and 6) 38 (18%) died during the study period. 
12    

 

A second review of 259 patients with prolonged mechanical 

ventilation (PMV) attributed solely to COPD noted that only 

24% were able to return to spontaneous ventilation but the 

majority (76%) required nocturnal invasive mechanical 

ventilation (NIMV) as the predominant or even exclusive 

form of ventilation support with nighttime durations 

measured as 9.9 ± 2.5 hours and 10.7 ± 1.4 hours. 13  A third 

review of a series 1414 non-neuromuscular diseased patients 

with prolonged mechanical ventilation (PMV) reported: 1) 

766 (54%) were successfully weaned to full-time 

spontaneous ventilation, 2) 353 (25%) died and 3) 295 (21%) 

continued be ventilator dependent; of these 295 ventilator 

dependent subjects 232 (16%) required full time invasive 

mechanical ventilation (IMV) with tracheostomy, 53 (4%) 

part-time or nocturnal IMV with tracheostomy, and 10 (< 

1%) received non-invasive pressure support). 14   Review of 

these three studies in cohorts of patients with chronic 

respiratory failure secondary to intrinsic lung disease 

reported wide variation as to rates of continuous long-term 

nocturnal invasive mechanical ventilation (NIMV); 21%- 

76% requiring some duration of nocturnal invasive 

mechanical ventilation (NIMV) and a significant proportion 

requiring NIMV only as the predominate chronic ventilatory 

assist modality. Similarly, in a cohort of 19 adult patients 

with a variety of neuromuscular diseases results 

demonstrated that 1) 9 required part-time nocturnal non-

invasive ventilation (NNIV) but 2) 10 required invasive 

mechanical ventilation (IMV) via tracheostomy with 6 part-

time nocturnal and 4 full time. 15  

 

These reports clearly demonstrate the routine standard 

practice that in many cases, providers revert to only 

nocturnal nighttime invasive mechanical ventilation (NIMV) 

as the sole mechanical ventilatory support modality and have 

led to multiple expert opinions or organizational statements 

to make the recommendations: 1) nocturnal ventilation 

(invasive or noninvasive) is a “modified goal” distinct from 

successful liberation 5 and “weaning to just nocturnal 

ventilation should also be considered”. 6   However, review 

of the literature does not provide any consensus nor 

standardization as to 1) indicators for nocturnal invasive 

mechanical ventilation (NIMV) compared to other 

modalities, 2) optimal duration of invasive nocturnal 

ventilation, 3) objective goals or outcomes to support part-

time ventilatory support modalities, nor 4) importantly 

specific patient characteristics to justify and validate these 

judgments. Furthermore, these recommendations would 

appear to deny the possibility of potential full-time liberation 

from any sort of ventilatory support in a large number of 

patients (i.e. intrinsic lung disease and/or chronic respiratory 

muscle fatigue) and also to risk the development of 

potentially abrupt and fatal respiratory failure in patients 

with clearly evident progressive pathological diaphragmatic 

failure. 

 

Potential Benefits of Nocturnal Invasive Mechanical 

Ventilation (NIMV) 

 

Acknowledging the life-sustaining benefit of any modality 

of ventilatory support for a defined period of time, this 

therapy should not in itself deny patients the potential for full 

weanability and liberation from invasive mechanical 

ventilation and even the possibility of decannulation without 
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defined objective supporting clinical and scientific data. The 

purported benefits of both nocturnal non-invasive ventilation 

(NNIV) and/or nocturnal invasive mechanical ventilation 

(NIMV) are multiple and include: 1) respiratory ventilatory 

muscle rest (VMR), 2) resetting and/or maintaining the 

carbon dioxide (CO2) sensitivity in central nervous system 

breathing centers closer to normal values, and 3) 

improvement in lung mechanics and overall gas exchange. 16    

 

Concept of Ventilatory Muscle Rest (VMR) 

 

The utilization of nocturnal invasive mechanical ventilation 

(NIMV) uniquely mandates full mechanical ventilatory 

support as the primary predominate clinical benefit with 

correction of all three factors. However, the first noted 

clinical benefit would appear to be most tenable in the 

achievement of the goal of eventual full-time liberation from 

invasive mechanical ventilation (IMV). The rationale 

supporting the potential benefit of nocturnal invasive 

mechanical ventilation (NIMV) for patients with intrinsic 

lung disease appears to be based upon the concept of 

prevention of inspiratory muscle fatigue, specifically the 

diaphragm, given elevations in work of breathing and strain 

overload. Skeletal muscle fatigue is defined as the loss in 

muscle capacity to develop force or shorten resulting from 

muscle fiber activity under a load that is reversible at rest. 17   

 

Muscle fatigue can be defined as the loss of contractile 

function-force, velocity, power, or work caused by 

prolonged exercise and/or excessive loads and reversible by 

rest. 17   Thus, given the definition of skeletal muscle fatigue 

that is correctable by rest, then theoretically “resting” the 

diaphragm might assist in allowing more efficient daytime 

spontaneous ventilation without overt muscle fatigue and 

resultant respiratory failure, i.e. concept of ventilatory 

muscle rest (VMR). If respiratory muscle fatigue is indeed of 

clinical importance, ventilatory muscle rest therapy should 

be beneficial to patients not only intermittently but also 

chronically to achieve full-time continuous spontaneous 

ventilation. Patients at high risk for respiratory muscle 

fatigue include: 1) patients with chronic respiratory loads 

such as severe COPD, and 2) patients facing a sudden 

increase in respiratory load such as acute asthma or acute 

respiratory distress syndrome (ARDS). Yet multiple reviews 

have termed the evaluation and identification of respiratory 

muscle fatigue as elusive and problematic. 

 

The concept of correctable ventilatory muscle fatigue has not 

been proven in clinical practice during periods with stable 

but severe lung disease even in relation to patients with  

 

chronic hypercapnia. In addition, studies designed to directly 

test the hypothesis of “ventilatory muscle rest” (VMR) have 

failed to identify improvements in clinical or laboratory 

parameters. One study that evaluated 5 male subjects with 

severe COPD (FEV1= 0.68 ± 0.08L [ 24 ± 2% predicted]) 

utilized 4 weeks of daily “in-hospital-supervised” negative 

pressure ventilation (4 hours per day) and demonstrated a 16 

± 4% increase in maximal sustainable ventilation over a 12 

minute testing period compared to pre-intervention values ( 

4.0 ± 1.3 L/min [P < 0.05]). 18 However negative pressure 

ventilation under these specific study applications elicited no 

improvement in any clinical or laboratory parameters. 

Investigators at that time identified potential limitations to 

the interpretation of their study that remain relevant even 

today including; 1) the absence of definitive criteria to 

establish that a ventilatory muscle is indeed at rest, 2) 

accurate clinical definition and measurement of fatigue, 3) 

correlation with clinical outcomes, and 4) duration, extent 

and modalities to achieve and sustain ventilatory muscle rest 

(VMR) that would eventually result in sustained prolonged 

spontaneous ventilation. Limitations in the current state of 

knowledge in relation to the definition, diagnosis, objective 

measurement, monitoring and treatment and/or resolution of 

inspiratory ventilatory muscle fatigue remain major barriers 

to the successful weaning and liberation for patients 

requiring any modality of chronic invasive mechanical 

ventilatory support, including nocturnal invasive mechanical 

ventilation (NIMV). 

 

Conversely, three decades later one of these same 

investigators conclusively demonstrated that total 

diaphragmatic inactivity (i.e. paralysis) during acute illness 

results in diaphragmatic myofibril damage and disuse 

atrophy even after relatively short periods of absent 

neurological activity (18 - 69 hours). 19 Such disuse atrophy 

of the diaphragm and other skeletal muscles during periods 

of acute catabolic illness and prolonged immobilization have 

been previously reported and purported as a major limitation 

to successful liberation from invasive mechanical ventilation 

(IMV). 5 In fact, recent studies including a randomized 

clinical trial attempted to assess the potential clinical benefit 

of continuous diaphragm neural stimulation at basal levels to 

maintain some degree of muscle tone without the 

development of dis-use atrophy. 10,20 These studies of acute 

critically ill patients although not analogous to chronic stable 

outpatients again raise the issue of ventilatory muscle rest 

[VMR] (dependent upon the degree of ventilatory support) 

potentially worsening diaphragm strength and endurance 

which is exactly opposite to the goal of nocturnal nighttime 

invasive ventilation (NIMV). 

 



Vendor RL                                    Perspectives on prolonged nocturnal invasive mechanical ventilation 

Journal of Mechanical Ventilation 2025 Volume 6, Issue 2                                                                                                                                                         84 

In contrast to the hypothetical association of ventilatory 

muscle rest (VMR) to assist in minimization of fatigue in 

states of diaphragm work overload in patients with severe 

lung diseases (most commonly COPD), this same rationale 

or hypothesis would appear less tenable in patients with 

defined pathological neuromuscular diseases where the 

actual muscle dysfunction is resultant from weakness (per 

definition not recoverable by rest) and not fatigue. Skeletal 

muscle weakness is defined as the impairment in the capacity 

of a fully rested muscle to generate force. 21,22 Muscle fatigue 

tends to result from stress, overuse, or metabolic factors 

whereas muscle weakness tends to result from pathological 

neuromuscular diseases. In fact, there does not appear to be 

any reported randomized controlled clinical trial (RCT) to 

date that conclusively demonstrated improved respiratory 

muscle function in patients with progressive neuromuscular 

disease once progressed to tracheostomy and initiation of 

invasive mechanical ventilation. Thus, the goal of initiation 

of invasive mechanical ventilation (IMV) with only 

nocturnal support in patients with progressively worsening 

neuromuscular diseases and respiratory muscle weakness 

such as muscular dystrophy (MD) and amyotrophic lateral 

sclerosis (ALS) would not appear to have any evidence-

based nor theoretical disease- based justification; 

acknowledging reports of successful liberation of invasive 

mechanical ventilation (IMV) with decannulation in patients 

with chronic and long-term cervical cord traumatic injury. 23 

 

Concept of Central Nervous System Carbon Dioxide 

(CO2) Chemosensitivity 

 

In relation to the potential benefit of nocturnal invasive 

mechanical ventilation (NIMV) as a mechanism to preserve 

central CO2 chemosensitivity to respiratory drive, note that 

central respiratory control and rhythmicity are regulated by 

neurons in the pons and medulla. During wakefulness there 

are additional inputs to breathing control but during sleep 

these compensatory wakefulness mechanisms are either 

reduced or absent which predisposes to control of breathing 

problems during sleep. Thus, during sleep chemical control 

of breathing predominates as the sole regulatory mechanism.  

 

Typically, during sleep minute ventilation is reduced and 

minor elevations in arterial partial pressure of carbon dioxide 

(PaCO2) can occur when compared to wakefulness. 24 For 

individuals receiving nocturnal invasive nighttime 

mechanical ventilation (NIMV) there does exist the potential 

for reduced sensitivity or increased CO2 thresholds for 

breathing regulation as contributing factors to hypercapnia 

and potential failure to liberate from nighttime support. In 

addition, there exists the potential for mechanical ventilation 

preservation of normal levels of PaCO2 will then translate 

into improved wakefulness and preserved sensitivity to CO2 

to maintain normocapnia. However, in patients with severe 

COPD, multiple studies have documented increased central 

respiratory drive and not suppression in response to the 

mechanically induced increased work of breathing related to 

airflow obstruction, lung air-trapping and chest wall 

hyperinflation with any elevations in PaCO2 even during 

wakefulness attributed to increased lung dead space fraction 

and not reductions in minute ventilation nor tidal volume. 
25,26    

 

However, similar to the sparse information in relation to 

inspiratory muscle fatigue, from a clinical perspective 

validation and proof of this hypothetical concept of central 

nervous system preserved chemosensitivity also remains 

absent and elusive. Thus, in the absence of concomitant 

diagnoses of obstructive sleep apnea, obesity 

hypoventilation syndrome, or drug induced sedation the 

beneficial effects of nocturnal invasive mechanical 

ventilation (NIMV) as a mechanism to preserve central 

respiratory drive would not be validated, again supporting 

the primary clinical and physiological benefit of NIMV 

being inspiratory ventilatory muscle rest (VMR). 

 

Conclusion 

 

In specific relation of individualized care, each patient must 

first be assessed as to the primary focus necessitating the 

requirement for invasive mechanical ventilation (IMV) and 

just as importantly per the specific goal of this therapy. For 

awake, alert, daytime ambulatory patients with severe 

intrinsic pulmonary airway or parenchymal lung disease 

such as COPD, they should be involved intricately in terms 

of their individual goals which may include lifetime 

continuation of nocturnal invasive mechanical ventilation 

(NIMV) or conversely their desire for full liberation. This 

same goal may not be applicable to patients with severe 

neurological impairment such as cerebral palsy (CP) with 

reduced cognitive function/awareness and no locomotor 

ambulation whereby the goals may be more directed to 

family members, care provides, resources, or even financial.  

However, regardless of specific disease, regardless of 

clinical and social circumstances, regardless of each 

individual patient uniqueness, the expectation is that all 

decisions are based upon objective validated information 

without decisions being made based upon personal 

judgments or even biases. Acknowledging the potential 

utility of electromyographic power spectrum analysis of the 

diaphragm and twitch transdiaphragmatic pressure 

measurements through phrenic nerve stimulation to 

diagnoses inspiratory muscle fatigue, the requisite high level 

technology and expertise limits these assessments to a very 
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few selective academic medical centers which are well 

beyond the capabilities of most practitioners and medical 

facilities where the vast majority of individuals requiring 

prolonged invasive mechanical ventilation actually receive 

their care, at times including the home environment. 27-29   

 

Thus, from all practical perspectives, respiratory muscle 

fatigue cannot be adequately diagnosed by muscle directed 

studies in routine clinical practice, the clinical development 

of “task failure” could represent a potential surrogate 

indicator. Indeed, task failure is often defined clinically by 

criteria such as increased respiratory rate, decreased oxygen 

saturation, perception of increased dyspnea or perception of 

increased work of breathing but specifically do not reflect 

direct measurements of respiratory muscle function per se 

and thus remain questionable indicators of failure to wean; 

nor does task failure provide any insight scientifically, 

clinically or therapeutically as to specific mechanism 

accounting for respiratory failure. 

 

With the anticipation of the continued expansion and 

increased numbers of patients being prescribed some 

modality of mechanically assisted ventilation, efforts to 

better define scientifically respiratory muscle fatigue, to 

better diagnose respiratory muscle fatigue clinically, to 

develop actual specific therapies and treatments to correct 

and improve respiratory muscle fatigue would seem 

paramount rather than relegating such important patient 

impacting decisions to subjective speculation or with 

reliance upon indirect assessments, often impacted by non-

patient specific directed factors. Thus based upon currently 

available up-to-date clinical and scientific information, there 

does not appear to be any direct support for 1) relegation of 

patients with severe intrinsic lung diseases to life-long 

chronic nocturnal invasive mechanical ventilation (NIMV) 

without daily efforts towards the goal of full liberation and 

potential decannulation, and also 2) the initiation of part-time 

nocturnal invasive mechanical ventilation (NIMV) for any 

patients with neuromuscular weakness in deference to the 

acceptance of chronic long-term full invasive mechanical 

ventilation (IVM). 
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