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Introduction 
As Mechanical ventilation (MV) is the mainstay of support for critically ill, commonly in those with Severe 

Sepsis and almost ubiquitous in those with severe pneumonia. It is also a driver of intensive care costs as the duration 

of MV directly affects the burden of the disease. (1) Ventilator dependent patients with severe sepsis and severe 

pneumonia result of the systemic insult to the body that is manifest in the respiratory system as ARDS. (2) Depending 

upon case mix, about one in ten ventilated in ICU has ARDS induced respiratory failure. (3)   

MV, a necessity during ARDS induced respiratory failure, is associated with complications that pose risks to patients.(4) 

A risk that increases with duration of MV. (5). As respiratory function improves MV needs to be withdrawn at the 

earliest possible juncture. Very few randomised trials of MV weaning have had a primary focus on patients suffering 

from ARDS. For reasons outlined below substituting results acquired from general populations, or applying techniques 

developed in non ARDS patient groups may be flawed. (2) 

In patients with ARDS reversal or control of the precipitant of the respiratory failure is essential before to the 

“weaning” can begin. This entails correction or attenuation of the precipitating cause of the ARDs as well restoring the 

respiratory systems to a stable, functional state. ARDS impact is not confined to the respiratory system, and thus 

weaning is not solely ventilator focused. Restoration of cardiovascular, neuromuscular, neurological and psychiatric 

homeostasis is required for successful weaning.(6, 7) Much of the problem in weaning are related to issues that are non-

respiratory in origin. While much emphasis has been placed on routine protocols, these protocol s have not proven to 

be efficacious in mixed or non COPD populations  

 

Barriers to Weaning 

The barriers to immediate easy weaning are show nbelow. It is noteworthy that only a few are reversible 

directly by manipulation of the ventilation support, the primary focus on many early “weaning “ attempts.   
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Increased Respiratory Load 

With ARDS the residual shunt, increased dead space and ongoing poor ventilation-perfusion matching does not 

resolve immediately. (8) Weaning patients have requirements for supra normal minute ventilation, increased airway 

resistance, decreased pulmonary and or chest wall compliance changes and thus a greater work of breathing. (9).   

Decreased pulmonary compliance can arise from reversible causes like pleural effusions, and pulmonary oedema. 

Drainage or diuretics may improve compliance, oxygenation, decrease transpulmonary pressure and shorten weaning 

time. (10, 11)   

 

Respiratory Drive 

A central respiratory drive is necessary for ventilator activity to continue once the ventilator support is 

removed. Commonly there is a reduced respiratory drive with an inadequate response to either hypercarbia or 

hypoxemia. Carbon dioxide responsiveness is seldom tested formally, although ventilator response to reduction in 

pressure support is used as part of the weaning algorithm. Responsiveness to carbon dioxide assessed from the 100-

ms occlusion pressure has been shown to predict weaning. (12) 

 

Excess Sedation and Analgesia 
The triad of adequate analgesia, control of delirium, and optimal sedation to facilitate tolerable MV is never 

more important than during weaning. (13). Early sedation depth predicts delayed extubation (14, 15) This association 

is confounded by severity of illness, and with neuromuscular blockade and prone positioning in severe ARDS, both 

precipitating deeper sedation, being recommended therapy for severe ARDS, it is not surprising that  ARDS patients are 

deeply sedated. (16, 17) Kress demonstrated daily interruption of sedative infusions reduced the duration of MV, but  

less than a third of the studied group had ARDS or pulmonary oedema.(18) Protocol-directed sedation is controversial 

as results from the two randomized controlled trials were conflicting. (19, 20), 

Prolonged weaning can be a complication of inappropriate dosing sedative/hypnotic medication, with delayed 

clearance in multi-organ failure a common feature of ARDS patients. (21) (7) Increased understanding of sedation goals 

by attending staff principles may further reduce ventilation duration (22). Change in sedation choice may contribute to 

shorter weaning periods.  A five fold increase in propofol use, and  a 70% reduction in midazolam use over eight years 

was associated with a decline in MV duration, tracheostomy rate, ICU and hospital length-of-stay. (23) Sedation 

techniques, particularly those that include the use of benzodiazepines may increase delirium, agitation, withdrawal and 

other neuro psychiatric conditions, which either directly or indirectly delay weaning. (24, 25). 

 

Cardiac Load 

Cardiac dysfunction is amongst the most common barriers to weaning.(26) The onset of ARDS respiratory 

failure may be precipitated by, exacerbate or importantly mask, congestive and right heart failure.  Positive pressure 

reduces pulmonary oedema, provides increased alveolar pressures and reduces afterload. With weaning, spontaneous 

breathing is re-established,  the process reverses and with a negative pleural pressure during inspiration.(27) This 

decrease in intrathoracic pressure increases the systemic venous return pressure gradient, the right ventricular (RV) 

preload, the central blood volume, and subsequently the LV preload.(28) A second effect is a decrease the LV ejection 

pressure gradient, increasing the LV afterload. (29) As a consequence respiratory and cardiac failure may occur, 

associated with increased work of breathing and hypoxemia.  

Diagnosis and monitoring, augmented by echocardiography allows titration of treatment by diuretics, 

vasodilators, inotropes and coronary angioplasty when indicated. Using diuretics guided by brain natriuretic peptide 

(BNP) measurements shortens weaning suggesting that negative fluid balance using diuretics could hasten extubation. 

(30) The use of a conservative fluid strategy shortened MV in patients with acute lung injury although poor longer term 

cognitive outcomes are concerning. (10, 31)  

 

Muscle Atrophy and Weakness 

Early muscle changes are driven by inflammation and disuse, with atrophy from increased protein degradation. 

(32, 33) Late-phase muscle weakness persists in many despite resolution of lung injury and cessation of ongoing acute 

inflammation. (32) Late-phase muscle dysfunction may reflect a failure of the musculoskeletal system to regain 
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homeostatic balance. These differences, may require different therapy.  Electrical muscle stimulation for those that 

cannot exercise has been suggested although the for this novel technique in the ICU setting is scarce.(34) Denervation 

injuries, for which there are no specific therapies, may persist and delay weaning.  

 

Metabolic Electrolyte and Endocrine Considerations  
Metabolic alkalosis a common disorder in ICU impedes respiratory drive, and   can be caused by diuretic use, 

hypernatremia and hypokalemia, all classically associated with ARDS management. (35) Increased serum bicarbonate 

is associated with  increased ICU LOS, more days on MV and higher hospital mortality.(36) Chloride restricted buffered 

solutions theoretically could increase metabolic alkalosis, but in an interventional trial , chloride restriction  did not 

increase in ventilation time  (37, 38) Studies of “contraction alkalosis” and effect medications such as  acetazolamide on 

weaning are needed.(39).  

Serum calcium, phosphate, magnesium and potassium deficiency all cause muscle weakness.(40) 

Hypothyroidism, hypoadrenalism and relative or absolute cortisol efficiency also contribute to weaning difficulty. 

Endogenous and Exogenous corticosteroids are often used in critical illness for septic shock, directly for ARDS or for 

other indications may also contribute.(41) The corticosteroids and steroid based neuromuscular blocking agents are 

associated with muscular weakness but their overall effect on weaning remains unclear. (42). Avoidance and, when 

present, early correction of electrolyte abnormality as routine care is crucial to successful weaning.  (40) 

 

Psychological Dysfunction  
42% of patients weaning from prolonged MV have depression, and weaning failure is twice as common in 

patients with depression, (43, 44)  Fatigue, excessive daytime somnolence, and associated depression also delay 

weaning. (45) Second-generation antipsychotic and stimulants such as donepezil, modafinil and methylphenidate have 

been used in difficult-to-wean patients depression.(45-49).  Whether their effect is through counteracting depression 

or anxiety, or as a direct respiratory stimulus is unclear.   

Up to 80% of patients in ICU have delirium and is associated with delayed weaning and higher 6-month 

mortality. (13, 50) Prevention strategies include an early and exercise/mobility. Patients exposed to a  “ABCDE ” bundle 

spent three more days breathing without assistance and experienced nearly half the delirium, than patients treated 

with usual care.(22) Haloperidol is most commonly used for ICU delirium although evidence is entirely anecdotal (13) 

Dexmedetomidine is also recommended(51). Olanzapine, risperidone and quetiapine are also used and may have some 

advantages in the critically ill. (13)  

 

Consent, Compliance and Comfort 

Prolonged MV could produce suffering. While deeply sedated, with adequate analgesia and ventilator support, 

it is unlikely that a patient are “suffers”. However, later as patient “emerges”, and weaning begins “suffering” may 

manifest. Long-term outcomes from prolonged MV are worse than generally expected by relatives and physicians. (52) 

In a recent systematic review of studies reporting outcomes of patients requiring MV for more than 14 days, only half 

were successfully weaned, one in five were able to return home and half were dead in one year (53) ARDS is associated 

with exercise limitation, physical and psychological sequelae, decreased physical quality of life, and increased costs and 

use of health care services although there is a  similar functional recovery in survivors who did and did not develop 

ARDS (4, 8).  Overly optimistic expectations does not encourage meaningful discussion surrounding weaning outcomes 

or end of life decision making. Initiation of weaning is a timely juncture when the objectives of future treatments are 

considered. 

 

Adjunctive Care   
Physiotherapy and mobilisation 

Early mobilization is beneficial, and it should be incorporated into routine daily acitvities. Early combined 

progressive mobilizations can be safely initiated.  (54). Active mobilization may improve muscle strength and the ability 

to wean by reducing disuse atrophy. (54).  
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Tracheostomy 

In some situations, tracheostomy has reduced the work of breathing, lowered in-hospital mortality and 

improved weaning in ICU patients.(55, 56) Systemic analysis of randomized controlled trials suggests that although 

early tracheotomy generally achieved better outcomes, including more ventilator-free days, shorter ICU stays, shorter 

sedation, and reduced long-term mortality.(57, 58).  

 

Extubation to Non Invasive Ventilation 

Non Invasive Ventilation (NIV) has been used both in an attempt to prospectively reduce the time that “invasive 

ventilation” is delivered through “early extubation” and as a rescue therapy for patients on the threshold of failing an 

extubation attempt. Early trials of NIV in post-extubation respiratory failure produced conflicting outcomes. 

Subsequent trials of “prophylactic” use immediate post-extubation in patients who “fail” a SBT was been found to be 

beneficial. (59-68) Systematic reviews have evaluated this technique and are support its clinical use in appropriate 

clinical circumstances.(69, 70).   

Extrapolating this data needs considerable caution. (71, 72) Firstly, patients studied were predominantly 

suffering from chronic lung disease (CLD). Noninvasive ventilation has the capacity to reduce intubation rates, lower 

length of stay and mortality, in patients with CLD when used before invasive MV. With moderate to severe ARDS, NIV 

had high intubation rates, and a delivered high tidal volumes and had a high mortality with NIV failure. (72, 73) 

With NIV, oxygenation is increased by a raised mean alveolar pressure, a reduction in tidal derecruitment of 

alveoli, and/or provision of high oxygen concentrations through a semiclosed system.(74). After extubation, a less than 

perfect NIV mask seal may produce air entrainment and airway pressures below airway “closing” pressure more 

frequently than during invasive ventilation (75) While entrainment can be managed by mask adjustment, or increasing 

oxygen, the decreased. Airway pressure may result in small airway collapse with derecruitment.  

NIV may assist patients suffering from respiratory failure where work of breathing rather than hypoxia 

predominates. These patients are less sensitive to short periods of mask removal or leaks,.  In patient recovering from 

ARDS although NIV supports of the work of breathing, there is risk of tidal de-recruitment. (74) At lower levels of 

support requirement high flow nasal cannula is likely to provide better oxygenation than venturi mask and is as least 

effective as, and better tolerated than, NIV for treatment of post extubation respiratory failure (76, 77). Its role in ARDS 

is as yet undefined (78). NIV is not recommended in pneumonia, or severe sepsis, and if used for weaning must be used 

with caution. (71, 73) 

 

Adaptive and Automated Weaning Systems (AWS )   
The first adaptive modes with feedback was pressure regulated volume control which titrated pressures to 

achieve a TV. Subsequent iterations targeted MV. Adaptive support ventilation (ASV) is a partially automated mode 

available from Hamilton Medical. ASV targets minute ventilation with an algorithm using the “Otis equation”, to target 

the least work of breathing. Similar modes are availble with Bellavita (IMTmedical), with adpation aimed at addressing 

the overvolume issue. Studies comparing ASV weaning to standard care found ASV could shorten weaning in post 

cardiac surgery or chronic lung disease patient. When ASV was compared to assist control in patients with ARDS, no 

differences was found. (79) Of concern is that ASV allows TV of up to 22 ml/kg and in ARDS delivered median tidal 

volumes greater than the recommended 8 ml/Kg (79-84).  

Most recent fully AWS incorporate feedback loops that titrate to ventilation and oxygenation targets and 

provides interesting opportunities.   Two AWS are currently available the SmartCare® from Draeger Medical, and 

Intellivent from Hamilton Medical. (85, 86)  

While they differ slightly, the principles of the AWS, is to establish ventilation through titration of adaptive 

ventilation, and when stable, the sequential application of a SBT and then, if successful conversion to titrated pressure 

support weaning.  An early study of Smartcare® found that closed-loop weaning resulted in more rapid weaning, 

whereas a similar study carried out in an extremely well-staffed unit demonstrated no benefit. (86, 87) Differences in 

the nursing intensity and clinical governance may be explain on this discrepancy.  

This development highlights two possibilities: Firstly a more consistent weaning system, that if calibrated 

correctly, could provide rapid weaning.  Compared to non-automated weaning methods, these systems demonstrated 

positive advantages in weaning time, time to successful extubation, and possibly assisted in reducing ICU length of stay 
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and the number of patients requiring prolonged MV (88, 89) However most patients studied received relatively short 

term ventilation after surgery, or ventilation for exacerbation of COPD.  Clinical evidence from patients who have 

suffered from ARDS is remains scarce. (90, 91) 

Secondly when skilled personnel are scarce, equivalent outcomes may be achieved with less clinician input. 

Adaptive weaning systems follow a computerized protocol and as such could be viewed as being identical to a “manual” 

weaning protocols, with more assured compliance. If “weaning protocols” are non-inferior to standard care an 

automated form of these should also demonstrate at least equivalent outcomes.  While the automated weaning systems 

show promise and some evidence of efficacy, proprietary systems are generally available only on a single 

manufacturer’s ventilator, and for multiple reasons these systems have not been widely adopted.  (89)  

 

Summary  

Weaning patients with Severe pneumonia and severe sepsis from ventilator support presents a challenge, with 

patient presenting disease, type of pneumonia , comorbidity and severity of the sepsis,  all influencing the success rate. 

The evidence supporting the use of specific techniques is very slight, and while it continues to grow remains a significant 

gap in our understanding of this problem.  

 

References 
1. Cox CE, Carson SS, Govert JA, Chelluri L, Sanders GD. An economic evaluation of prolonged mechanical ventilation. Critical Care 

Medicine. 2007;35(8):1918-27. 

2. Freebairn RC. Weaning in ARDS. 2017. In: Adult Respiratory Distress Syndrome [Internet]. Cham Switzerland Springer  

3. Bellani G, Laffey JG, Pham T, Fan E, Brochard L, Esteban A, et al. Epidemiology, patterns of care, and mortality for patients with 

acute respiratory distress syndrome in intensive care units in 50 countries. JAMA - Journal of the American Medical Association. 

2016;315(8):788-800. 

4. Herridge MS, Tansey CM, Matté A, Tomlinson G, Diaz-Granados N, Cooper A, et al. Functional disability 5 years after acute 

respiratory distress syndrome. New England Journal of Medicine. 2011;364(14):1293-304. 

5. Boles JM, Bion J, Connors A, Herridge M, Marsh B, Melot C, et al. Weaning from mechanical ventilation. Eur Respir J. 

2007;29(5):1033-56. 

6. Ambrosino N, Gabbrielli L. The difficult-to-wean patient. Expert Review of Respiratory Medicine. 2010;4(5):685-92. 

7. Dhanireddy S, Altemeier WA, Matute-Bello G, O'Mahony DS, Glenny RW, Martin TR, et al. Mechanical ventilation induces 

inflammation, lung injury, and extra-pulmonary organ dysfunction in experimental pneumonia. Laboratory Investigation. 

2006;86(8):790-9. 

8. Biehl M, Kashyap R, Ahmed AH, Reriani MK, Ofoma UR, Wilson GA, et al. Six-month quality-of-life and functional status of acute 

respiratory distress syndrome survivors compared to patients at risk: A population-based study. Critical Care. 2015;19(1). 

9. Tobin MJ, Perez W, Guenther SM, Semmes BJ, Mador MJ, Allen SJ, et al. The pattern of breathing during successful and 

unsuccessful trials of weaning from mechanical ventilation. American Review of Respiratory Disease. 1986;134(6):1111-8. 

10. Dessap AM, Katsahian S, Roche-Campo F, Varet H, Kouatchet A, Tomicic V, et al. Ventilator-associated pneumonia during weaning 

from mechanical ventilation: Role of fluid management. Chest. 2014;146(1):58-65. 

11. Razazi K, Thille AW, Carteaux G, Beji O, Brun-Buisson C, Brochard L, et al. Effects of pleural effusion drainage on oxygenation, 

respiratory mechanics, and hemodynamics in mechanically ventilated patients. Annals of the American Thoracic Society. 

2014;11(7):1018-24. 

12. Montgomery AB, Holle RHO, Neagley SR, Pierson DJ, Schoene RB. Prediction of successful ventilator weaning using airway 

occlusion pressure and hypercapnic challenge. Chest. 1987;91(4):496-9. 

13. Reade MC.Optimal sedation for the ventilation of critically ill patients. Current Respiratory Medicine Reviews. 2010;6(4):292-9. 

14. Shehabi Y, Bellomo R, Reade MC, Bailey M, Bass F, Howe B, et al. Early intensive care sedation predicts long-term mortality in 

ventilated critically ill patients. American Journal of Respiratory and Critical Care Medicine. 2012;186(8):724-31. 

15. Tanaka LMS, Azevedo LCP, Park M, Schettino G, Nassar AP, Re´a-Neto A, et al. Early sedation and clinical outcomes of 

mechanically ventilated patients: A prospective multicenter cohort study. Critical Care. 2014;18(4). 

16. Guérin C, Reignier J, Richard JC, Beuret P, Gacouin A, Boulain T, et al. Prone positioning in severe acute respiratory distress 

syndrome. New England Journal of Medicine. 2013;368(23):2159-68. 

17. Papazian L, Forel JM, Gacouin A, Penot-Ragon C, Perrin G, Loundou A, et al. Neuromuscular blockers in early acute respiratory 

distress syndrome. New England Journal of Medicine. 2010;363(12):1107-16. 

18. Kress JP, Pohlman AS, O'Connor MF, Hall JB. Daily interruption of sedative infusions in critically ill patients undergoing 

mechanical ventilation. New England Journal of Medicine. 2000;342(20):1471-7. 



 

73 

 

19. Aitken LM, Bucknall T, Kent B, Mitchell M, Burmeister E, Keogh S. Sedation protocols to reduce duration of mechanical ventilation 

in the ICU: A Cochrane Systematic Review. Journal of Advanced Nursing. 2016;72(2):261-72. 

20. Bucknall TK, Manias E, Presneill JJ. A randomized trial of protocol-directed sedation management for mechanical ventilation in 

an Australian intensive care unit. Critical Care Medicine. 2008;36(5):1444-50. 

21. Valta P, Uusaro A, Nunes S, Ruokonen E, Takala J. Acute respiratory distress syndrome: Frequency, clinical course, and costs of 

care. Critical Care Medicine. 1999;27(11):2367-74. 

22. Balas MC, Vasilevskis EE, Olsen KM, Schmid KK, Shostrom V, Cohen MZ, et al. Effectiveness and safety of the awakening and 

breathing coordination, delirium monitoring/management, and early exercise/mobility bundle. Critical Care Medicine. 

2014;42(5):1024-36. 

23. Jarman AM, Duke GJ, Reade MC, Casamento A. The association between sedation practices and duration of mechanical ventilation 

in intensive care. Anaesthesia and Intensive Care. 2013;41(3):311-5. 

24. Devlin J, Fraser G, Ely EW, Kress J, Skrobik Y, Dasta J. Pharmacological management of sedation and delirium in mechanically 

ventilated ICU patients: Remaining evidence gaps and controversies. Seminars in Respiratory and Critical Care Medicine. 

2013;34(2):201-15. 

25. Porhomayon J, El-Solh AA, Adlparvar G, Jaoude P, Nader ND. Impact of Sedation on Cognitive Function in Mechanically Ventilated 

Patients. Lung. 2016;194(1):43-52. 

26. Thille AW, Boissier F, Ghezala HB, Razazi K, Mekontso-Dessap A, Brun-Buisson C. Risk factors for and prediction by caregivers 

of extubation failure in ICU patients: A prospective study. Critical Care Medicine. 2015;43(3):613-20. 

27. Lemaire F, Teboul JL, Cinotti L, Giotto G, Abrouk F, Steg G, et al. Acute left ventricular dysfunction during unsuccessful weaning 

from mechanical ventilation. Anesthesiology. 1988;69(2):171-9. 

28. Pinsky MR. Breathing as exercise: The cardiovascular response to weaning from mechanical variation.  Applied Physiology in 

Intensive Care Medicine 2: Physiological Reviews and Editorials2012. p. 323-5. 

29. Buda AJ, Pinsky MR, Ingels Jr NB, Daughters Iind GT, Stinson EB, Alderman EL. Effect of intrathoracic pressure on left ventricular 

performance. New England Journal of Medicine. 1979;301(9):453-9. 

30. Dessap AM, Roche-Campo F, Kouatchet A, Tomicic V, Beduneau G, Sonneville R, et al. Natriuretic peptide-driven fluid 

management during ventilator weaning: A randomized controlled trial. American Journal of Respiratory and Critical Care 

Medicine. 2012;186(12):1256-63. 

31. Mikkelsen ME, Shull WH, Biester RC, Taichman DB, Lynch S, Demissie E, et al. Cognitive, mood and quality of life impairments in 

a select population of ARDS survivors. Respirology. 2009;14(1):76-82. 

32. Files DC, Sanchez MA, Morris PE. A conceptual framework: The early and late phases of skeletal muscle dysfunction in the acute 

respiratory distress syndrome. Critical Care. 2015;19(1). 

33. Levine S, Nguyen T, Taylor N, Friscia ME, Budak MT, Rothenberg P, et al. Rapid disuse atrophy of diaphragm fibers in 

mechanically ventilated humans. New England Journal of Medicine. 2008;358(13):1327-35. 

34. Edwards J, McWilliams D, Thomas M, Shah S. Electrical muscle stimulation in the intensive care unit: An integrative review. 

Journal of the Intensive Care Society. 2014;15(2):142-9. 

35. Mæhle K, Haug B, Flaatten H, Nielsen EW. Metabolic alkalosis is the most common acid-base disorder in ICU patients. Critical 

Care. 2014;18(2). 

36. Libório AB, Noritomi DT, Leite TT, de Melo Bezerra CT, de Faria ER, Kellum JA. Increased serum bicarbonate in critically ill 

patients: a retrospective analysis. Intensive Care Medicine. 2015;41(3):479-86. 

37. Krajewski ML, Raghunathan K, Paluszkiewicz SM, Schermer CR, Shaw AD. Meta-analysis of high- versus low-chloride content in 

perioperative and critical care fluid resuscitation. British Journal of Surgery. 2015;102(1):24-36. 

38. Young P, Bailey M, Beasley R, Henderson S, Mackle D, McArthur C, et al. Effect of a buffered crystalloid solution vs saline on acute 

kidney injury among patients in the intensive care unit: The SPLIT randomized clinical trial. JAMA - Journal of the American 

Medical Association. 2015;314(16):1701-10. 

39. Mazur JE, Devlin JW, Peters MJ, Jankowski MA, Iannuzzi MC, Zarowitz BJ. Single versus multiple doses of acetazolamide for 

metabolic alkalosis in critically ill medical patients: A randomized,double-blind trial.Critical Care Medicine.1999;27(7):1257-61. 

40. Barron R, Freebairn R. Electrolyte disorders in the critically ill. Anaesthesia and Intensive Care Medicine. 2010;11(12):523-8. 

41. Peter JV, John P, Graham PL, Moran JL, George IA, Bersten A. Corticosteroids in the prevention and treatment of acute respiratory 

distress syndrome (ARDS) in adults: Meta-analysis. BMJ. 2008;336(7651):1006-9. 

42. Hermans G, Van den Berghe G. Clinical review: Intensive care unit acquired weakness. Critical Care. 2015;19(1). 

43. Myhren H, Tøien K, Ekeberg O, Karlsson S, Sandvik L, Stokland O. Patients' memory and psychological distress after ICU stay 

compared with expectations of the relatives. Intensive Care Medicine. 2009;35(12):2078-86. 

44. Jubran A, Lawm G, Kelly J, Duffner LA, Gungor G, Collins EG, et al. Depressive disorders during weaning from prolonged 

mechanical ventilation. Intensive Care Medicine. 2010;36(5):828-35. 

45. Gajewski M, Weinhouse G.The Use of Modafinil in the Intensive Care Unit.Journal of Intensive Care Medicine. 2016;31(2):142-5 



 

74 

 

46. Rothenhausler HB, Ehrentraut S, Von Degenfeld G, Weis M, Tichy M, Kilger E, et al. Treatment of depression with 

methylphenidate in patients difficult to wean from mechanical ventilation in the intensive care unit. Journal of Clinical 

Psychiatry. 2000;61(10):750-5. 

47. Johnson CJ, Auger WR, Fedullo PF, Dimsdale JE. Methylphenidate in the 'hard to wean' patient. Journal of Psychosomatic 

Research. 1995;39(1):63-8. 

48. Abbasi S, Farsaei S, Fazel K, Golzari SE, Mahmoodpoor A. Can donepezil facilitate weaning from mechanical ventilation in difficult 

to wean patients? An interventional pilot study. DARU, Journal of Pharmaceutical Sciences. 2015;23(1). 

49. Rosenthal LJ, Kim V, Kim DR. Weaning from prolonged mechanical ventilation using an antipsychotic agent in a patient with 

acute stress disorder. Critical Care Medicine. 2007;35(10):2417-9. 

50. Jeon K, Jeong BH, Ko MG, Nam J, Yoo H, Chung CR, et al. Impact of delirium on weaning from mechanical ventilation in medical 

patients. Respirology. 2016;21(2):313-20. 

51. Shehabi Y, Botha JA, Ernest D, Freebairn RC, Reade M, Roberts BL, et al. Clinical application, the use of dexmedetomidine in 

intensive care sedation. Critical Care and Shock. 2010;13(2):40-50. 

52. Cox CE, Martinu T, Sathy SJ, Clay AS, Chia J, Gray AL, et al. Expectations and outcomes of prolonged mechanical ventilation. Critical 

Care Medicine. 2009;37(11):2888-94. 

53. Damuth E, Mitchell JA, Bartock JL, Roberts BW, Trzeciak S. Long-term survival of critically ill patients treated with prolonged 

mechanical ventilation: A systematic review and meta-analysis. The Lancet Respiratory Medicine. 2015;3(7):544-53. 

54. Li Z, Peng X, Zhu B, Zhang Y, Xi X. Active mobilization for mechanically ventilated patients: A systematic review. Archives of 

Physical Medicine and Rehabilitation. 2013;94(3):551-61. 

55. Lin WC, Chen CW, Wang JD, Tsai LM. Is tracheostomy a better choice than translaryngeal intubation for critically ill patients 

requiring mechanical ventilation for more than 14 days? A comparison of short-term outcomes. BMC Anesthesiology. 2015. 

56. Lim CK, Ruan SY, Lin FC, Wu CL, Chang HT, Jerng JS, et al. Effect of tracheostomy on weaning parameters in difficult-to-wean 

mechanically ventilated patients: A prospective observational study. PLoS ONE. 2015;10(9). 

57. Hosokawa K, Nishimura M, Egi M, Vincent J-L. Timing of tracheotomy in ICU patients: a systematic review of randomized 

controlled trials. Critical Care. 2015;19(1):1-12. 

58. Szakmany T, Russell P, Wilkes AR, Hall JE. Effect of early tracheostomy on resource utilization and clinical outcomes in critically 

ill patients: Meta-analysis of randomized controlled trials. British Journal of Anaesthesia. 2015;114(3):396-405. 

59. Carlucci A, Pierucci P, Sabbá C, Nava S. Noninvasive ventilation for weaning and post extubation failure. Annals of Respiratory 

Medicine. 2012;3(1). 

60. Du LL, Han H, Zhang XJ, Wei L. Randomized control study of sequential non-invasive following short-term invasive mechanical 

ventilation in the treatment of acute respiratory distress syndrome as a result of existing pulmonary diseases in elderly patients. 

Chinese Critical Care Medicine. 2009;21(7):394-6. 

61. Fauroux B, Leboulanger N, Roger G, Denoyelle F, Picard A, Garabedian EN, et al. Noninvasive positive-pressure ventilation avoids 

recannulation and facilitates early weaning from tracheotomy in children*. Pediatric Critical Care Medicine. 2010;11(1):31-7. 

62. Ferrer M, Sellarés J, Valencia M, Carrillo A, Gonzalez G, Badia JR, et al. Non-invasive ventilation after extubation in hypercapnic 

patients with chronic respiratory disorders: randomised controlled trial. The Lancet. 2009;374(9695):1082-8. 

63. Girault C, Bubenheim M, Abroug F, Diehl JL, Elatrous S, Beuret P, et al. Noninvasive ventilation and weaning in patients with 

chronic hypercapnic respiratory failure: A randomized multicenter trial. American Journal of Respiratory and Critical Care 

Medicine. 2011;184(6):672-9. 

64. Hess DR. The role of noninvasive ventilation in the ventilator discontinuation process. Respiratory Care. 2012;57(10):1619-25. 

65. Laiq N, Khan RA, Malik A. Non-invasive positive pressure ventilation facilitates early extubation in post operative cardiac 

patients. Journal of Postgraduate Medical Institute. 2013;27(4):361-5. 

66. Plant N, Walker R. Immediate extubation to noninvasive ventilation can reduce postoperative morbidity and need for PICU in 

children with neuromuscular disorders. Paediatric Anaesthesia. 2009;19(5):549-50. 

67. Samra T, Borthakur B, Pawar M, Deepak D, Yadav A. Non-invasive ventilation is helpful in early weaning and early extubation in 

H1N1 infected, ventilated patients: A case series. Anaesthesia, Pain and Intensive Care. 2010;14(1):35-7. 

68. Trevisan CE, Vieira SR. Noninvasive mechanical ventilation may be useful in treating patients who fail weaning from invasive 

mechanical ventilation: A randomized clinical trial. Critical Care. 2008;12(2). 

69. Burns KE, Meade MO, Premji A, Adhikari NK. Noninvasive positive-pressure ventilation as a weaning strategy for intubated 

adults with respiratory failure. The Cochrane database of systematic reviews. 2013;12. 

70. Glossop AJ, Shepherd N, Bryden DC, Mills GH. Non-invasive ventilation for weaning, avoiding reintubation after extubation and 

in the postoperative period: A meta-analysis. British Journal of Anaesthesia. 2012;109(3):305-14. 

71. Agarwal R, Aggarwal AN, Gupta D. Role of noninvasive ventilation in acute lung injury/acute respiratory distress syndrome: A 

proportion meta-analysis. Respiratory Care. 2010;55(12):1653-60. 



 

75 

 

72. Antonelli M, Conti G, Esquinas A, Montini L, Maggiore SM, Bello G, et al. A multiple-center survey on the use in clinical practice 

of noninvasive ventilation as a first-line intervention for acute respiratory distress syndrome. Critical Care Medicine. 

2007;35(1):18-25. 

73. Carteaux G, Millán-Guilarte T, De Prost N, Razazi K, Abid S, Thille AW, et al. Failure of Noninvasive Ventilation for de Novo Acute 

Hypoxemic Respiratory Failure: Role of Tidal Volume∗. Critical Care Medicine. 2016;44(2):282-90. 

74. Freebairn R. Noninvasive ventilation, a thing of beauty! Critical Care Medicine. 2008;36(2):630-1. 

75. Vignaux L, Vargas F, Roeseler J, Tassaux D, Thille AW, Kossowsky MP, et al. Patient-ventilator asynchrony during non-invasive 

ventilation for acute respiratory failure: A multicenter study. Intensive Care Medicine. 2009;35(5):840-6. 

76. Maggiore SM, Idone FA, Vaschetto R, Festa R, Cataldo A, Antonicelli F, et al. Nasal high-flow versus venturi mask oxygen therapy 

after extubation: Effects on oxygenation, comfort, and clinical outcome. American Journal of Respiratory and Critical Care 

Medicine. 2014;190(3):282-8. 

77. Yoo JW, Synn A, Huh JW, Hong SB, Koh Y, Lim CM. Clinical efficacy of high-flow nasal cannula compared to noninvasive ventilation 

in patients with post-extubation respiratory failure. Korean Journal of Internal Medicine. 2016;31(1):82-8. 

78. Chiumello D, Coppola S, Froio S, Gregoretti C, Consonni D. Noninvasive ventilation in chest trauma: Systematic review and meta-

analysis. Intensive Care Medicine. 2013;39(7):1171-80. 

79. Agarwal R, Srinivasan A, Aggarwal AN, Gupta D. Adaptive support ventilation for complete ventilatory support in acute 

respiratory distress syndrome: A pilot, randomized controlled trial. Respirology. 2013;18(7):1108-15. 

80. Arnal JM, Garnero A, Novonti D, Demory D, Ducros L, Berric A, et al. Feasibility study on full closed-loop control ventilation 

(IntelliVent-ASV™) in ICU patients with acute respiratory failure: A prospective observational comparative study. Critical Care. 

2013;17(5). 

81. Veelo DP, Dongelmans DA, Binnekade JM, Paulus F, Schultz MJ. Adaptive support ventilation: A translational study evaluating 

the size of delivered tidal volumes. International Journal of Artificial Organs. 2010;33(5):302-9. 

82. Gruber PC, Gomersall CD, Leung P, Joynt GM, Ng SK, Ho KM, et al. Randomized controlled trial comparing adaptive-support 

ventilation with pressure-regulated volume-controlled ventilation with automode in weaning patients after cardiac surgery. 

Anesthesiology. 2008;109(1):81-7. 

83. Dongelmans DA, Veelo DP, Paulus F, De Mol BAJM, Korevaar JC, Kudoga A, et al. Weaning automation with adaptive support 

ventilation: A randomized controlled trial in cardiothoracic surgery patients. Anesthesia and Analgesia. 2009;108(2):565-71. 

84. Sulzer CF, Chioléro R, Chassot PG, Mueller XM, Revelly JP. Adaptive support ventilation for fast tracheal extubation after cardiac 

surgery: A randomized controlled study. Anesthesiology. 2001;95(6):1339-45. 

85. Sulemanji DS, Marchese A, Wysocki M, Kacmarek RM. Adaptive support ventilation with and without end-tidal CO2 closed loop 

control versus conventional ventilation. Intensive Care Medicine. 2013;39(4):703-10. 

86. Lellouche F, Mancebo J, Jolliet P, Roeseler J, Schortgen F, Dojat M, et al. A multicenter randomized trial of computer-driven 

protocolized weaning from mechanical ventilation. Am J Respir Crit Care Med. 2006;174(8):894-900. 

87. Rose L, Presneill JJ, Johnston L, Cade JF. A randomised, controlled trial of conventional versus automated weaning from 

mechanical ventilation using SmartCare/PS. Intensive Care Med. 2008;34(10):1788-95. 

88. Burns KE, Lellouche F, Nisenbaum R, Lessard MR, Friedrich JO. Automated weaning and SBT systems versus non-automated 

weaning strategies for weaning time in invasively ventilated critically ill adults. Cochrane Database Syst Rev. 2014;9:CD008638. 

89. Rose L, Schultz MJ, Cardwell CR, Jouvet P, McAuley DF, Blackwood B. Automated versus non-automated weaning for reducing 

the duration of mechanical ventilation for critically ill adults and children. Cochrane Database Syst Rev. 2014;6:CD009235. 

90. Dojat M, Harf A, Touchard D, Laforest M, Lemaire F, Brochard L. Evaluation of a knowledge-based system providing ventilatory 

management and decision for extubation. Am J Respir Crit Care Med. 1996;153(3):997-1004. 

91. Antonelli M, Bonten M, Chastre J, Citerio G, Conti G, Curtis JR, et al. Year in review in Intensive Care Medicine 2011: III. ARDS and 

ECMO, weaning, mechanical ventilation, noninvasive ventilation, pediatrics and miscellanea. Intensive Care Med. 

2012;38(4):542-56. 

 

 
 
 
 
 
 
 
 
 
 
 


