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High Flow through Nasal Cannula (HFNC) delivers heated and humidified air–oxygen mixture to the patient, with an

inspiratory fraction of oxygen (FiO2) ranging from 21 to 100% and a flow up to 60 L/min through a large bore nasal

cannula.
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1. Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a common disease characterized by persistent respiratory symptoms

and airflow limitation . Patients’ history is characterized by episodes of exacerbation with worsening respiratory

symptoms, commonly precipitated by upper respiratory infection .

In case of severe exacerbation, COPD patients may develop an acute respiratory failure (ARF) of varying entities,

sometimes requiring hospital admission due to the deterioration of the gas exchange. While only conventional oxygen

therapy (COT) may be required in case of sole hypoxemia, respiratory acidosis and carbon dioxide (CO ) retention may

ensue in 20% of patients because of an excessive respiratory workload over the respiratory muscles pump capacity . In

these latter cases, non-invasive ventilation (NIV) plays a major role. NIV has been shown to improve gas exchange,

reduce breathing difficulty and the need for intubation and decrease hospital length of stay and mortality . In particular,

NIV is recommended for all those patients with ARF leading to acute or acute-on-chronic respiratory acidosis (pH ≤ 7.35),

whereas there is no indication if patients encounter an acute exacerbation of COPD (AECOPD) and hypercapnia without

acidosis . Of note, up to 64% of AECOPD patients may fail NIV mainly due to worsened respiratory function, intolerance

of the interface, cardiovascular instability and neurological deterioration . In these cases, intubation is required, and

invasive mechanical ventilation (iMV) is instituted .

The High Flow through Nasal Cannula (HFNC) was introduced in clinical practice, and its role is gaining more and more

importance. Several studies investigated its application also in AECOPD patients for the treatment of the hypercapnic ARF

.

2. Potential Advantages of High Flow through Nasal Cannula (HFNC) in
Acute Exacerbation of Chronic Obstructive Pulmonary Disease (COPD)
Patients

HFNC delivers heated and humidified air–oxygen mixture to the patient, with an inspiratory fraction of oxygen (FiO )

ranging from 21 to 100% and a flow up to 60 L/min through a large bore nasal cannula . HFNC has some potential

advantages for AECOPD patients, which herein are discussed .

2.1. Heated and Humidified Gas Delivery

In healthy subjects, the upper respiratory tract humidifies the inspired room air to full saturation of water vapor (absolute

humidity = 44 mg/L) and heats at 37 °C . However, the administration of not conditioned medical gases, such as during

COT or NIV, affects the ciliary motion, damages the respiratory tract epithelial cell and reduces the water content of the

bronchial secretions . This is of particular relevance in AECOPD patients, which are characterized by the

production of copious secretions that need to be expectorated . Indeed, in the case of accumulation of the secretions

in the airways, the risk of hospital and ICU acquired infections strongly increases . The use of active and heated

humidification may reduce this risk by limiting the inflammatory response and bronchial epithelial cell damage  and by

ameliorating the mucociliary clearance and cough effectiveness .
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2.2. Anatomical Dead Space Washout

The volume of air located in the segments of the respiratory tract is responsible for conducting air from airways opening to

the alveoli, without acting in the process of gas exchange is called dead space, and it includes the upper airways, trachea,

bronchi and terminal bronchioles.

In an upper airway model, HFNC was demonstrated to wash out the dead pharyngeal space from carbon dioxide (CO )

proportionally to the flow applied and the expiratory time . In healthy subjects, the nasal cavity has a volume of about

40–50 mL, and it comprises at least 30% of the anatomical dead space in adults . COPD patients are characterized by

an incremented ratio between dead space and tidal volume . The wash-out effect was advocated as one of the

mechanisms to reduce the arterial partial pressure of CO  (PaCO )  and the respiratory drive after extubation  and at

NIV discontinuation  as compared with COT.

2.3. “PEEP” Effect

HFNC also generates a small amount of positive end-expiratory pharyngeal pressure in healthy subjects  and in

stable COPD or idiopathic pulmonary fibrosis . The amount of generated positive pressure by HFNC depends on the

flow delivered to the patient and the size of the nasal prong in relation to the nostrils . The “PEEP” effect is produced

by the expiratory resistance to the patient’s exhalation , which resembles the pursed-lip breathing pattern adopted by

COPD patients . This strategy diminishes the respiratory rate and prolongs the expiratory time, resulting in a reduction

in the expiratory flow limitation and dynamic hyperinflation .

It is well known that the application of an external PEEP in COPD patients reduces the work of breathing in case of the

presence of dynamic lung hyperinflation and intrinsic PEEP . Together with the wash-out effect, the “PEEP” effect may

explain the reduction in the respiratory muscle effort in both stable COPD patients  and in those recovering from an

episode of exacerbation .

2.4. Provision of Stable Inspired Oxygen Fraction (FiO )

Another potential advantage of HFNC is the delivery of stable inspired oxygen fraction (FiO ) to patients with ARF

whenever the delivered flow exceeds the mean inspiratory peak flow of the patient . Of note, in AECOPD patients, the

mean inspiratory peak flow was reported to be around 70 L/min and exceed 60 L/min in about 70% of patients . By

delivering flow at around 60 L/min, HFNC guarantees a more stable FiO2 to AECOPD patients, as compared to COT

through nasal prongs or Venturi masks.

2.5. Treatment Comfort

Among the most important determinants for treatment success, the comfort of the patient and the tolerance of the device

play a major role during NIV . The delivery of dry oxygen is perceived as uncomfortable and may generate pain

related to mouth, throat and airways dryness; this is particularly true in critically ill patients .

Since the delivered gas admixture is heated and humidified, HFNC reduces this uncomfortable feeling as compared to

both COT  and NIV . In addition, nasal prongs are more tolerated than face masks for NIV, which may produce

skin breakdown on the point of the pressure of the interfaces (i.e., forehead and nose) .

3. Clinical Application of HFNC in Exacerbated COPD Patients

According to the need for therapy, COPD exacerbation can be classified as mild, moderate and severe. A mild

exacerbation is defined when the patient requires only treatment with short-acting beta-agonist bronchodilators (SABA),

moderate if the hospitalization is required, in conjunction with SABA and/or corticosteroids therapy, severe when the

exacerbation is associated with ARF . The most important symptoms are dyspnea, increased sputum, cough and

wheezing . Within this spectrum of manifestation and degree of exacerbation severity, indications to oxygen and/or

respiratory support vary.

In the case of sole hypoxemia, AECOPD patients require COT, whereas NIV is deemed if respiratory acidosis ensues.

The recent guidelines strongly recommend the application of NIV whenever hypercapnic ARF with acidosis is present .

Moreover, a trial of NIV is also recommended if AECOPD patients would require iMV unless immediate deterioration

occurs . Of note, NIV was shown to improve gas exchange, reduce breathing difficulty and the need for intubation and

decrease hospital length of stay and mortality .
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While on one side, NIV provides these advantages, it is also affected by some drawbacks, such as patient–ventilator

asynchrony, patient’s discomfort and intolerance to the treatment, leading to treatment failure .

Management of these issues becomes fundamental to avoid NIV failure, but it is not easy to achieve. For example,

although patient–ventilator asynchrony can be partially managed by optimizing ventilator setting and/or modes of

ventilation , the detection of asynchronous events is challenging if attempted by

the sole ventilator waveform observation without the use of additional signals . In addition, the patient’s discomfort and

intolerance to the interface may be averted by adopting a rotating strategy and application of different interfaces, such as

the helmet, possibly combined with specific ventilator settings .

In AECOPD patients, HFNC was demonstrated to reduce the retention of CO   and the activation of the diaphragm

to a similar extent to NIV . In addition, HFNC is well tolerated by patients . Therefore, HFNC may have a

potential role in the management of AECOPD patients, and several studies investigated the use of HFNC in this

population as an alternative to NIV or to COT.

3.1. HFNC Settings in AECOPD Patients

Settings for HFNC are quite heterogeneous among all studies. Generally speaking, it would be preferred to set a flow

between 35 and 60 L/min and titrate as much as tolerated by the patient. In addition, the temperature of the gas flow

should be set between 34 and 37 °C, according to the patient’s tolerance. In the end, the FiO  should be adjusted in order

to obtain a SpO  between 88 and 92% .

3.2. HFNC as an Alternative to NIV

Based on the aforementioned mechanisms, HFNC was used to test AECOPD patients as an alternative to NIV as first-line

treatment in case of respiratory acidosis or after extubation.

The first applications in this sense were reported as case reports  or series . In these reports, the alternative

use of HFNC was deemed to be poor tolerance of the NIV interface  or had massive unmanageable air leaks ,

and it was successful with respect to both gas exchange and tolerance . More recently, some prospective

randomized controlled trials were published.

Cong et al. randomized 168 AECOPD patients with respiratory acidosis to receive NIV or HFNC as first-line treatment .

Both treatments improved gas exchanges in a similar fashion after 12 h and 5 days of treatment. In addition, the time

spent under respiratory support and the hospital length of stay was similar between treatment, although HFNC

guaranteed fewer complications and it was more comfortable as compared to NIV .

Cortegiani et al. designed a multicenter randomized controlled trial to assess the noninferiority of HFNC compared to NIV

with respect to the reduction in PaCO  in AECOPD patients with mild-to-moderate respiratory acidosis . The trial

randomized 80 patients; HFNC was found to be non-inferior to NIV with respect to PaCO . However, it should be

mentioned that one-third of the patients in the HFNC group were switched to NIV within 6 h from randomization mainly

because of lack of gas exchange improvement .

Doshi et al. conducted a subgroup analysis from a randomized controlled trial to compare HFNC and NIV in AECOPD

patients with respect to gas exchange . The researchers reported that gas exchange, ICU and total length of stay and

treatment failure (i.e., intubation rate and need to switch to other treatment) were similar between HFNC and NIV .

The recent European Respiratory Society Guidelines still suggest firstly attempting NIV in AECOPD patients since the

existing evidence is large and strong; however, if NIV fails due to poor tolerance and gas exchange are not worsening,

HFNC may be attempted .

HFNC was also compared to NIV after extubation of COPD patients recovering from an episode of exacerbation. Zhang et

al. randomized all intubated AECOPD patients admitted in the ICU to receive NIV or HFNC at extubation . The

researchers reported that HFNC reduced the ICU length of stay; however, no differences were recorded between HFNC

and NIV in terms of gas exchange, 28 days reintubation rate and mortality . In 42 AECOPD patients randomized to

receive NIV or HFNC after extubation, Jing et al. also reported no differences between HFNC and NIV with regard to gas

exchange, vital signs and some major clinical outcomes (i.e., the time spent under iMV, need for reintubation, ICU length

of stay and cause of 28 days mortality) .

[36][37][38][39][40][41][42][43]

[36][37][38][39][40][41][42][43][44][45][46][47][48][49]

[50]

[37][43][51]

2
[52][53]

[20][54] [4][5]

2

2
[55]

[56][57][58] [59]

[56][57][59] [58]

[56][57][58][59]

[60]

[60]

2
[61]

2

[62]

[63]

[63]

[55]

[64]

[64]

[34]



3.3. HFNC as an Alternative to COT

In AECOPD patients, HFNC was also compared to COT as first-line oxygen treatment in the absence of respiratory

acidosis, at NIV discontinuation or after extubation.

In AECOPD patients without respiratory acidosis, Kim et al. firstly demonstrated that PaCO  significantly decreased after 1

h of HFNC applied as first-line treatment . In keeping with Kim et al. , Pilcher et al. also showed that the application

of HFNC at 35 L/min reduced the transcutaneous CO  tension in 24 exacerbated COPD patients, as opposed to COT via

nasal prongs .

The researcher group randomized 30 COPD patients recovering from an episode of severe exacerbation to receive HFNC

and COT during NIV breaks . HFNC and COT guaranteed similar gas exchange, although the activation of the

diaphragm and respiratory rate was significantly higher during COT, as compared to both HFNC and NIV. On the opposite,

HFNC and NIV were similar. In a post hoc analysis, researcher also found that the need to reinstitute NIV at

discontinuation was lower with HFNC (27%) as compared to COT (47%) .

Finally, Di Mussi et al. demonstrated randomized 14 COPD patients recovering from an exacerbation episode to receive

HFNC or COT after extubation . In this research, HFNC was superior to COT since it significantly reduces the work of

breathing and the respiratory drive .

References

1. Vogelmeier, C.F.; Criner, G.J.; Martinez, F.J.; Anzueto, A.; Barnes, P.J.; Bourbeau, J.; Celli, B.R.; Chen, R.; Decramer,
M.; Fabbri, L.M.; et al. Global strategy for the diagnosis, management, and prevention of chronic obstructive lung
disease 2017 report: Gold executive summary. Eur. Respir. J. 2017, 49, 557–582.

2. Rochwerg, B.; Brochard, L.; Elliott, M.W.; Hess, D.; Hill, N.S.; Nava, S.; Navalesi, P.; Antonelli, M.; Brozek, J.; Conti, G.;
et al. Official ers/ats clinical practice guidelines: Noninvasive ventilation for acute respiratory failure. Eur. Respir. J.
2017, 50, 1602426.

3. Squadrone, E.; Frigerio, P.; Fogliati, C.; Gregoretti, C.; Conti, G.; Antonelli, M.; Costa, R.; Baiardi, P.; Navalesi, P.
Noninvasive vs invasive ventilation in copd patients with severe acute respiratory failure deemed to require ventilatory
assistance. Intensive Care Med. 2004, 30, 1303–1310.

4. Pisani, L.; Astuto, M.; Prediletto, I.; Longhini, F. High flow through nasal cannula in exacerbated copd patients: A
systematic review. Pulmonology 2019, 25, 348–354.

5. Bruni, A.; Garofalo, E.; Cammarota, G.; Murabito, P.; Astuto, M.; Navalesi, P.; Luzza, F.; Abenavoli, L.; Longhini, F. High
flow through nasal cannula in stable and exacerbated chronic obstructive pulmonary disease patients. Rev. Recent
Clin. Trials 2019, 14, 247–260.

6. Renda, T.; Corrado, A.; Iskandar, G.; Pelaia, G.; Abdalla, K.; Navalesi, P. High-flow nasal oxygen therapy in intensive
care and anaesthesia. Br. J. Anaesth. 2018, 120, 18–27.

7. Pisani, L.; Vega, M.L. Use of nasal high flow in stable copd: Rationale and physiology. COPD J. Chronic Obstr. Pulm.
Dis. 2017, 14, 346–350.

8. Plotnikow, G.A.; Accoce, M.; Navarro, E.; Tiribelli, N. Humidification and heating of inhaled gas in patients with artificial
airway. A narrative review. Rev. Bras. Ter. Intensiva 2018, 30, 86–97.

9. Konrad, F.; Schiener, R.; Marx, T.; Georgieff, M. Ultrastructure and mucociliary transport of bronchial respiratory
epithelium in intubated patients. Intensive Care Med. 1995, 21, 482–489.

10. Lacherade, J.C.; Auburtin, M.; Cerf, C.; Van de Louw, A.; Soufir, L.; Rebufat, Y.; Rezaiguia, S.; Ricard, J.D.; Lellouche,
F.; Brun-Buisson, C.; et al. Impact of humidification systems on ventilator-associated pneumonia: A randomized
multicenter trial. Am. J. Respir. Crit. Care Med. 2005, 172, 1276–1282.

11. De Pascale, G.; Ranzani, O.T.; Nseir, S.; Chastre, J.; Welte, T.; Antonelli, M.; Navalesi, P.; Garofalo, E.; Bruni, A.;
Coelho, L.M.; et al. Intensive care unit patients with lower respiratory tract nosocomial infections: The enirris project.
ERJ Open Res. 2017, 3, 00092-2017.

12. Jiang, M.; Song, J.J.; Guo, X.L.; Tang, Y.L.; Li, H.B. Airway humidification reduces the inflammatory response during
mechanical ventilation. Respir. Care 2015, 60, 1720–1728.

13. Hasani, A.; Chapman, T.H.; McCool, D.; Smith, R.E.; Dilworth, J.P.; Agnew, J.E. Domiciliary humidification improves
lung mucociliary clearance in patients with bronchiectasis. Chron. Respir. Dis. 2008, 5, 81–86.

2
[65] [65]

2
[52]

[20]

[20]

[19]

[19]



14. Rea, H.; McAuley, S.; Jayaram, L.; Garrett, J.; Hockey, H.; Storey, L.; O’Donnell, G.; Haru, L.; Payton, M.; O’Donnell, K.
The clinical utility of long-term humidification therapy in chronic airway disease. Respir. Med. 2010, 104, 525–533.

15. Moller, W.; Celik, G.; Feng, S.; Bartenstein, P.; Meyer, G.; Eickelberg, O.; Schmid, O.; Tatkov, S. Nasal high flow clears
anatomical dead space in upper airway models. J. Appl. Physiol. 2015, 118, 1525–1532.

16. Jiang, Y.; Liang, Y.; Kacmarek, R.M. The principle of upper airway unidirectional flow facilitates breathing in humans. J.
Appl. Physiol. 2008, 105, 854–858.

17. Elbehairy, A.F.; Ciavaglia, C.E.; Webb, K.A.; Guenette, J.A.; Jensen, D.; Mourad, S.M.; Neder, J.A.; O’Donnell, D.E.
Pulmonary gas exchange abnormalities in mild chronic obstructive pulmonary disease. Implications for dyspnea and
exercise intolerance. Am. J. Respir. Crit. Care Med. 2015, 191, 1384–1394.

18. Braunlich, J.; Seyfarth, H.J.; Wirtz, H. Nasal high-flow versus non-invasive ventilation in stable hypercapnic copd: A
preliminary report. Multidiscip. Respir. Med. 2015, 10, 27.

19. Di Mussi, R.; Spadaro, S.; Stripoli, T.; Volta, C.A.; Trerotoli, P.; Pierucci, P.; Staffieri, F.; Bruno, F.; Camporota, L.;
Grasso, S. High-flow nasal cannula oxygen therapy decreases postextubation neuroventilatory drive and work of
breathing in patients with chronic obstructive pulmonary disease. Crit. Care 2018, 22, 180.

20. Longhini, F.; Pisani, L.; Lungu, R.; Comellini, V.; Bruni, A.; Garofalo, E.; Laura Vega, M.; Cammarota, G.; Nava, S.;
Navalesi, P. High-flow oxygen therapy after noninvasive ventilation interruption in patients recovering from hypercapnic
acute respiratory failure: A physiological crossover trial. Crit. Care Med. 2019, 47, e506–e511.

21. Ritchie, J.E.; Williams, A.B.; Gerard, C.; Hockey, H. Evaluation of a humidified nasal high-flow oxygen system, using
oxygraphy, capnography and measurement of upper airway pressures. Anaesth. Intensive Care 2011, 39, 1103–1110.

22. Groves, N.; Tobin, A. High flow nasal oxygen generates positive airway pressure in adult volunteers. Aust. Crit. Care
2007, 20, 126–131.

23. Garofalo, E.; Bruni, A.; Pelaia, C.; Cammarota, G.; Murabito, P.; Biamonte, E.; Abdalla, K.; Longhini, F.; Navalesi, P.
Evaluation of a new interface combining high-flow nasal cannula and cpap. Respir. Care 2019, 64, 1231–1239.

24. Braunlich, J.; Beyer, D.; Mai, D.; Hammerschmidt, S.; Seyfarth, H.J.; Wirtz, H. Effects of nasal high flow on ventilation
in volunteers, copd and idiopathic pulmonary fibrosis patients. Respiration 2013, 85, 319–325.

25. Parke, R.L.; Eccleston, M.L.; McGuinness, S.P. The effects of flow on airway pressure during nasal high-flow oxygen
therapy. Respir. Care 2011, 56, 1151–1155.

26. Dysart, K.; Miller, T.L.; Wolfson, M.R.; Shaffer, T.H. Research in high flow therapy: Mechanisms of action. Respir. Med.
2009, 103, 1400–1405.

27. Mundel, T.; Feng, S.; Tatkov, S.; Schneider, H. Mechanisms of nasal high flow on ventilation during wakefulness and
sleep. J. Appl. Physiol. 2013, 114, 1058–1065.

28. Appendini, L.; Patessio, A.; Zanaboni, S.; Carone, M.; Gukov, B.; Donner, C.F.; Rossi, A. Physiologic effects of positive
end-expiratory pressure and mask pressure support during exacerbations of chronic obstructive pulmonary disease.
Am. J. Respir. Crit. Care Med. 1994, 149, 1069–1076.

29. Pisani, L.; Fasano, L.; Corcione, N.; Comellini, V.; Musti, M.A.; Brandao, M.; Bottone, D.; Calderini, E.; Navalesi, P.;
Nava, S. Change in pulmonary mechanics and the effect on breathing pattern of high flow oxygen therapy in stable
hypercapnic copd. Thorax 2017, 72, 373–375.

30. Maggiore, S.M.; Idone, F.A.; Vaschetto, R.; Festa, R.; Cataldo, A.; Antonicelli, F.; Montini, L.; De Gaetano, A.; Navalesi,
P.; Antonelli, M. Nasal high-flow versus venturi mask oxygen therapy after extubation. Effects on oxygenation, comfort,
and clinical outcome. Am. J. Respir. Crit. Care Med. 2014, 190, 282–288.

31. Sharma, G.; Mahler, D.A.; Mayorga, V.M.; Deering, K.L.; Harshaw, O.; Ganapathy, V. Prevalence of low peak
inspiratory flow rate at discharge in patients hospitalized for copd exacerbation. Chronic Obstr. Pulm. Dis. 2017, 4,
217–224.

32. Elliott, M.W. The interface: Crucial for successful noninvasive ventilation. Eur. Respir. J. 2004, 23, 7–8.

33. Lellouche, F.; Maggiore, S.M.; Lyazidi, A.; Deye, N.; Taille, S.; Brochard, L. Water content of delivered gases during
non-invasive ventilation in healthy subjects. Intensive Care Med. 2009, 35, 987–995.

34. Jing, G.; Li, J.; Hao, D.; Wang, T.; Sun, Y.; Tian, H.; Fu, Z.; Zhang, Y.; Wang, X. Comparison of high flow nasal cannula
with noninvasive ventilation in chronic obstructive pulmonary disease patients with hypercapnia in preventing
postextubation respiratory failure: A pilot randomized controlled trial. Res. Nurs. Health 2019, 42, 217–225.

35. Navalesi, P.; Costa, R.; Ceriana, P.; Carlucci, A.; Prinianakis, G.; Antonelli, M.; Conti, G.; Nava, S. Non-invasive
ventilation in chronic obstructive pulmonary disease patients: Helmet versus facial mask. Intensive Care Med. 2007,
33, 74–81.



36. Bruni, A.; Garofalo, E.; Pelaia, C.; Messina, A.; Cammarota, G.; Murabito, P.; Corrado, S.; Vetrugno, L.; Longhini, F.;
Navalesi, P. Patient-ventilator asynchrony in adult critically ill patients. Minerva Anestesiol. 2019, 85, 676–688.

37. Longhini, F.; Liu, L.; Pan, C.; Xie, J.; Cammarota, G.; Bruni, A.; Garofalo, E.; Yang, Y.; Navalesi, P.; Qiu, H. Neurally-
adjusted ventilatory assist for noninvasive ventilation via a helmet in subjects with copd exacerbation: A physiologic
study. Respir. Care 2019, 64, 582–589.

38. Cortegiani, A.; Garofalo, E.; Bruni, A.; Sanfilippo, F.; Longhini, F. Predatory open-access publishing in palliative and
supportive care. J. Pain Symptom Manage. 2019, 57, e1–e3.

39. Garofalo, E.; Bruni, A.; Pelaia, C.; Liparota, L.; Lombardo, N.; Longhini, F.; Navalesi, P. Recognizing, quantifying and
managing patient-ventilator asynchrony in invasive and noninvasive ventilation. Expert Rev. Respir. Med. 2018, 12,
557–567.

40. Vaschetto, R.; Longhini, F.; Persona, P.; Ori, C.; Stefani, G.; Liu, S.; Yi, Y.; Lu, W.; Yu, T.; Luo, X.; et al. Early extubation
followed by immediate noninvasive ventilation vs. Standard extubation in hypoxemic patients: A randomized clinical
trial. Intensive Care Med. 2019, 45, 62–71.

41. Longhini, F.; Pan, C.; Xie, J.; Cammarota, G.; Bruni, A.; Garofalo, E.; Yang, Y.; Navalesi, P.; Qiu, H. New setting of
neurally adjusted ventilatory assist for noninvasive ventilation by facial mask: A physiologic study. Crit. Care 2017, 21,
170.

42. Longhini, F.; Abdalla, K.; Navalesi, P. Non-invasive ventilation in hypoxemic patients: Does the interface make a
difference? Ann. Transl. Med. 2016, 4, 359.

43. Cammarota, G.; Longhini, F.; Perucca, R.; Ronco, C.; Colombo, D.; Messina, A.; Vaschetto, R.; Navalesi, P. New
setting of neurally adjusted ventilatory assist during noninvasive ventilation through a helmet. Anesthesiology 2016,
125, 1181–1189.

44. Costa, R.; Navalesi, P.; Cammarota, G.; Longhini, F.; Spinazzola, G.; Cipriani, F.; Ferrone, G.; Festa, O.; Antonelli, M.;
Conti, G. Remifentanil effects on respiratory drive and timing during pressure support ventilation and neurally adjusted
ventilatory assist. Respir. Physiol. Neurobiol. 2017, 244, 10–16.

45. Liu, L.; Xia, F.; Yang, Y.; Longhini, F.; Navalesi, P.; Beck, J.; Sinderby, C.; Qiu, H. Neural versus pneumatic control of
pressure support in patients with chronic obstructive pulmonary diseases at different levels of positive end expiratory
pressure: A physiological study. Crit. Care 2015, 19, 244.

46. Longhini, F.; Scarlino, S.; Gallina, M.R.; Monzani, A.; De Franco, S.; Grassino, E.C.; Bona, G.; Ferrero, F. Comparison
of neurally-adjusted ventilator assist in infants before and after extubation. Minerva Pediatr. 2018, 70, 133–140.

47. Navalesi, P.; Longhini, F. Neurally adjusted ventilatory assist. Curr. Opin. Crit. Care 2015, 21, 58–64.

48. Vaschetto, R.; Cammarota, G.; Colombo, D.; Longhini, F.; Grossi, F.; Giovanniello, A.; Della Corte, F.; Navalesi, P.
Effects of propofol on patient-ventilator synchrony and interaction during pressure support ventilation and neurally
adjusted ventilatory assist. Crit. Care Med. 2014, 42, 74–82.

49. Cammarota, G.; Olivieri, C.; Costa, R.; Vaschetto, R.; Colombo, D.; Turucz, E.; Longhini, F.; Della Corte, F.; Conti, G.;
Navalesi, P. Noninvasive ventilation through a helmet in postextubation hypoxemic patients: Physiologic comparison
between neurally adjusted ventilatory assist and pressure support ventilation. Intensive Care Med. 2011, 37, 1943–
1950.

50. Longhini, F.; Colombo, D.; Pisani, L.; Idone, F.; Chun, P.; Doorduin, J.; Ling, L.; Alemani, M.; Bruni, A.; Zhaochen, J.; et
al. Efficacy of ventilator waveform observation for detection of patient-ventilator asynchrony during niv: A multicentre
study. ERJ Open Res. 2017, 3, 00075–02017.

51. Olivieri, C.; Longhini, F.; Cena, T.; Cammarota, G.; Vaschetto, R.; Messina, A.; Berni, P.; Magnani, C.; Della Corte, F.;
Navalesi, P. New versus conventional helmet for delivering noninvasive ventilation: A physiologic, crossover
randomized study in critically ill patients. Anesthesiology 2016, 124, 101–108.

52. Pilcher, J.; Eastlake, L.; Richards, M.; Power, S.; Cripps, T.; Bibby, S.; Braithwaite, I.; Weatherall, M.; Beasley, R.
Physiological effects of titrated oxygen via nasal high-flow cannulae in copd exacerbations: A randomized controlled
cross-over trial. Respirology 2017, 22, 1149–1155.

53. Braunlich, J.; Wirtz, H. Nasal high-flow in acute hypercapnic exacerbation of copd. Int. J. Chron. Obstruct. Pulmon. Dis.
2018, 13, 3895–3897.

54. Rittayamai, N.; Phuangchoei, P.; Tscheikuna, J.; Praphruetkit, N.; Brochard, L. Effects of high-flow nasal cannula and
non-invasive ventilation on inspiratory effort in hypercapnic patients with chronic obstructive pulmonary disease: A
preliminary study. Ann. Intensive Care 2019, 9, 122.

55. Oczkowski, S.; Ergan, B.; Bos, L.; Chatwin, M.; Ferrer, M.; Gregoretti, C.; Heunks, L.; Frat, J.P.; Longhini, F.; Nava, S.;
et al. Ers clinical practice guidelines: High-flow nasal cannula in acute respiratory failure. Eur. Respir. J. 2021, 53,



2101574.

56. Okuda, M.; Kashio, M.; Tanaka, N.; Matsumoto, T.; Ishihara, S.; Nozoe, T.; Fujii, T.; Okuda, Y.; Kawahara, T.; Miyata, K.
Nasal high-flow oxygen therapy system for improving sleep-related hypoventilation in chronic obstructive pulmonary
disease: A case report. J. Med. Case Rep. 2014, 8, 341.

57. Lepere, V.; Messika, J.; La Combe, B.; Ricard, J.D. High-flow nasal cannula oxygen supply as treatment in hypercapnic
respiratory failure. Am. J. Emerg. Med. 2016, 34, 1914.e1–1914.e2.

58. Plotnikow, G.; Thille, A.W.; Vasquez, D.; Pratto, R.; Desmery, P. High-flow nasal cannula oxygen for reverting severe
acute exacerbation of chronic obstructive pulmonary disease: A case report. Med. Intensiva 2017, 41, 571–572.

59. Pavlov, I.; Plamondon, P.; Delisle, S. Nasal high-flow therapy for type ii respiratory failure in copd: A report of four
cases. Respir. Med. Case Rep. 2017, 20, 87–88.

60. Cong, L.; Zhou, L.; Liu, H.; Wang, J. Outcomes of high-flow nasal cannnula versus non-invasive positive pressure
ventilation for patients with acute exacerbations of chronic obstructive pulmonary disease. Int. J. Clin. Exp. Med. 2019,
12, 10863–10867.

61. Cortegiani, A.; Longhini, F.; Carlucci, A.; Scala, R.; Groff, P.; Bruni, A.; Garofalo, E.; Taliani, M.R.; Maccari, U.; Vetrugno,
L.; et al. High-flow nasal therapy versus noninvasive ventilation in copd patients with mild-to-moderate hypercapnic
acute respiratory failure: Study protocol for a noninferiority randomized clinical trial. Trials 2019, 20, 450.

62. Cortegiani, A.; Longhini, F.; Madotto, F.; Groff, P.; Scala, R.; Crimi, C.; Carlucci, A.; Bruni, A.; Garofalo, E.; Raineri,
S.M.; et al. High flow nasal therapy versus noninvasive ventilation as initial ventilatory strategy in copd exacerbation: A
multicenter non-inferiority randomized trial. Crit. Care 2020, 24, 692.

63. Doshi, P.B.; Whittle, J.S.; Dungan, G., 2nd; Volakis, L.I.; Bublewicz, M.; Kearney, J.; Miller, T.L.; Dodge, D.; Harsch,
M.R.; DeBellis, R.; et al. The ventilatory effect of high velocity nasal insufflation compared to non-invasive positive-
pressure ventilation in the treatment of hypercapneic respiratory failure: A subgroup analysis. Heart Lung 2020, 49,
610–615.

64. Zhang, J.C.; Wu, F.X.; Meng, L.L.; Zeng, C.Y.; Lu, Y.Q. A study on the effects and safety of sequential humidified high
flow nasal cannula oxygenation therapy on the copd patients after extubation. Zhonghua Yi Xue Za Zhi 2018, 98, 109–
112.

65. Kim, E.S.; Lee, H.; Kim, S.J.; Park, J.; Lee, Y.J.; Park, J.S.; Yoon, H.I.; Lee, J.H.; Lee, C.T.; Cho, Y.J. Effectiveness of
high-flow nasal cannula oxygen therapy for acute respiratory failure with hypercapnia. J. Thorac. Dis. 2018, 10, 882–
888.

Retrieved from https://encyclopedia.pub/entry/history/show/50375


