
F1000Research

Not Peer Reviewed

This article is an F1000 Faculty Critique and
has not been subject to external peer review.

Discuss this article

 (0)Comments

F1000 FACULTY CRITIQUE

High-Flow Oxygen through Nasal Cannula in Acute Hypoxemic
 Respiratory Failure: the FLORALI study [version 1; referees: not

peer reviewed]
Jacob Jentzer,  Cameron Dezfulian, Lillian Emlet
Department of Critical Care Medicine, University of Pittsburgh Medical Center, Pittsburgh, PA, USA

Abstract
An evaluation of a recent study by Frat JP, Thille AW, Mercat A et al: High-Flow
Oxygen through Nasal Cannula in Acute Hypoxemic Respiratory Failure. New
England Journal of Medicine 2015;372(23):2185-96. PubMed PMID:
25981908. Clinicaltrials.gov number NCT01320384.
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Critique of:
Citation
Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, 
Prat G, Boulain T, Morawiec E, Cottereau A, Devaquet J, Nseir S, 
Razazi K, Mira JP, Argaud L, Chakarian JC, Ricard JD, 
Wittebole X, Chevalier S, Herbland A, Fartoukh M, Constantin JM, 
Tonneliar JM, Pierrot M, Mathonnet A, Beduneau G, Deletage-
Metreau C, Richard JC, Brochard L, Robert R, for the FLORALI 
Study Group and the REVA Network. High-Flow Oxygen through 
Nasal Cannula in Acute Hypoxemic Respiratory Failure. New 
England Journal of Medicine 2015;372(23):2185–961. PubMed 
PMID: 25981908. Clinicaltrials.gov number NCT01320384

Background
Whether noninvasive ventilation should be administered in patients 
with acute hypoxemic respiratory failure is debated. Therapy with 
high-flow oxygen through a nasal cannula may offer an alternative 
in patients with hypoxemia.

Methods
Objective
To determine whether high-flow nasal cannula oxygen therapy 
reduces the need for intubation in patients with acute hypoxemic 
respiratory failure without hypercapnia.

Design
Prospective, randomized, multicenter, open-label 3-arm trial.

Setting
Twenty-three intensive care units in France and Belgium.

Subjects
A total of 310 patients without hypercapnia who had acute hypox-
emic respiratory failure and a ratio of the partial pressure of arterial 
oxygen to the fraction of inspired oxygen (P/F ratio) of 300 mm Hg 
or less on face mask oxygen. Patients with hypercarbia, chronic res-
piratory failure, obstructive lung disease or congestive heart failure 
exacerbation or acute indication for intubation were excluded.

Intervention
High-flow oxygen therapy using the OptiFlow device, standard 
oxygen therapy delivered through a face mask, or noninvasive  
positive-pressure ventilation.

Outcomes
The primary outcome was the proportion of patients intubated at 
day 28; secondary outcomes included all-cause mortality in the 
intensive care unit and at 90 days and the number of ventilator-free 
days at day 28.

Results
The intubation rate (primary outcome) was 38% (40 of 106 patients) 
in the high-flow–oxygen group, 47% (44 of 94) in the standard 
group, and 50% (55 of 110) in the noninvasive-ventilation group 
(P = 0.18 for all comparisons). The number of ventilator-free days 
at day 28 was significantly higher in the high-flow–oxygen group 
(24 +/- 8 days, vs. 22 +/- 10 in the standard-oxygen group and 
19 +/- 12 in the noninvasive-ventilation group; P = 0.02 for all 

comparisons).The hazard ratio for death at 90 days was 2.01 (95% 
confidence interval [CI], 1.01 to 3.99) with standard oxygen versus 
high-flow oxygen (P = 0.046) and 2.50 (95% CI, 1.31 to 4.78) with 
noninvasive ventilation versus high-flow oxygen (P = 0.006).

Conclusions
In patients with nonhypercapnic acute hypoxemic respiratory failure, 
treatment with high-flow oxygen, standard oxygen, or noninvasive 
ventilation did not result in significantly different intubation rates. 
There was a significant difference in favor of high-flow oxygen in 
90-day mortality.

Abstract adapted from the original provided courtesy of PubMed: 
A service of the National Library of Medicine and the National 
Institutes of Health.

Commentary
Acute respiratory failure (ARF) accounts for one-third of inten-
sive care unit (ICU) admission, resulting in a twofold increase in 
ICU mortality and prolonged ICU length of stay2,3. ARF requir-
ing endotracheal intubation and mechanical ventilation brings 
increased risk of mortality and morbidity, yet the optimal time to 
initiate ventilator support remains unclear. Noninvasive positive-
pressure ventilation (NIPPV) reduces the risk of intubation and 
mortality in patients with hypercarbic ARF from exacerbation of 
obstructive lung disease4 and in patients with cardiogenic pulmo-
nary edema4,5. NIPPV has not shown consistent benefits in patients 
with hypoxemic ARF from pneumonia or acute respiratory distress 
syndrome (ARDS), with some suggestion of worsened outcomes 
with “de novo” pneumonia6,7. NIPPV may prevent secretion clear-
ance and is not advisable on patients unable to remove the mask 
due to aspiration risk6,7. In such patients, alternative means of  
non-invasive respiratory support may be desirable.

High-flow nasal cannula (HFNC) oxygen devices deliver up to 
40–60L/min at a precise fraction of inspired oxygen (F

i
O

2
). High 

flow rates match the patient’s peak inspiratory flow to prevent room 
air entrainment and improve comfort, while heat and humidification 
may prevent airway desiccation to improve mucociliary clearance8. 
By flushing carbon dioxide from the airways, HFNC reduces ana-
tomic dead space to increase ventilatory efficiency and reduce work 
of breathing, in addition to producing minimal levels of positive 
end-expiratory pressure8.

The FLORALI study randomized 310 patients with hypoxemic 
ARF to nonrebreather face mask, HFNC using the OptiFlow device 
(Fisher and Paykel Healthcare) or NIPPV with inspiratory pressure 
titrated to achieve tidal volume 7–10cc/kg1. The majority of patients 
had pneumonia and met criteria for ARDS, with bilateral infiltrates 
and a ratio of P

a
O

2
 to F

i
O

2
 (P/F ratio) <=200 on face mask oxygen. 

The study excluded patients likely to benefit from NIPPV, including 
those with hypercarbia, exacerbations of obstructive lung disease 
or cardiogenic pulmonary edema, along with patients likely to be 
harmed by NIPPV, including those with hemodynamic instability 
or depressed mental status. There was no significant reduction in 
the rate of intubation between groups in the main study popula-
tion (p = 0.18). A post hoc subgroup analysis in patients with a PF 
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ratio <=200 showed a significantly higher risk of intubation with 
face-mask oxygen (HR 2.07) or NIPPV (HR 2.57) compared to 
HFNC (p = 0.009). HFNC was associated with lower mortality in 
the ICU (p = 0.047) and at 90 days (p = 0.02) in both unadjusted and 
adjusted analyses, with HR’s ranging from 1.85 to 2.60. Patients in 
the HFNC group had more ventilator-free days and lower dyspnea 
scores.

Strengths of this study include multi-center, randomized, intention- 
to-treat design with enrollment from 23 large ICU’s9. Patients 
expected to benefit from NIPPV were systematically excluded. 
Since rate of intubation was the primary endpoint, a protocol was 
used to standardize indications for intubation. Study groups were 
well-matched at baseline and follow-up was complete. The study 
has a number of limitations that must be considered when apply-
ing the results. This was a highly-selected population enriched in 
patients with ARDS due to pneumonia without obstructive lung 
disease or heart failure; only 21% of screened patients with hypox-
emic ARF were eligible and 12.5% were included. Patients had lim-
ited extrapulmonary organ failure, which is a risk factor for HFNC 
failure in ARDS10. The study had limited statistical power for the 
primary endpoint, with an observed intubation rate of 45% com-
pared to an anticipated intubation rate of 60%. Because the study 
failed to meet its prespecified primary endpoint, the significant 
results of the post hoc subgroup analysis and the secondary mor-
tality endpoints are hypothesis-generating rather than conclusive. 
One-fourth of patients in the face mask arm and one-eighth of 
patients in the HFNC arm crossed over to receive NIPPV; approxi-
mately two-thirds of these patients required intubation. It remains 
unclear why fewer people died in the HFNC arm, although the 
7–10cc/kg tidal volume in the NIPPV arm exceeds the recom-
mended 6cc/kg that has been associated with lower mortality in 
patients with ARDS11,12. Protocolized intubation criteria may have 
delayed intubation, as reflected by the occurrence of two deaths 
during intubation. While the study’s protocolized intubation criteria 
seem reasonable as part of a research study, the decision to intubate 
requires considerable judgment and is difficult to fit to a protocol.

The FLORALI study emphasizes that the approach noninvasive 
respiratory support in ARF should be tailored to both the under-
lying physiology (hypoxemic versus hypercarbic ARF) and the 
causative disease process. HFNC may become the preferred 
noninvasive modality for patients with hypoxemic ARF due to pneu-
monia or ARDS, while NIPPV will remain preferred for patients 
with obstructive lung disease or cardiogenic pulmonary edema. 
Other recent studies of HFNC have shown mixed results depend-
ing on the population studied. HFNC failed to show a benefit over 
NIPPV for pre-oxygenation prior to intubation, although HFNC 
during intubation did reduce the risk of desaturation during intuba-
tion when compared to face mask13,14. HFNC was inferior to NIPPV 
for respiratory support during bronchoscopy15. HFNC performed 
equally compared to NIPPV for patients developing ARF after  
cardiothoracic surgery16. Further studies are needed to guide our 
use of HFNC for patients with ARF, and several ongoing studies of 
HFNC are listed on clinicaltrials.gov.

Recommendation
HFNC is safe and can be considered for first line support of 
patients with severe hypoxemic ARF not requiring immediate 
intubation, including pneumonia and early ARDS in the absence 
of hypercarbia, obstructive lung disease or heart failure exacer-
bation. Careful monitoring in an ICU during HFNC is essen-
tial to ensure timely escalation of therapy in the event of HFNC 
failure. With either HFNC or NIPPV, intubation should be per-
formed before the patient exhausts their physiologic reserves and 
decompensates.

Competing interests
The authors declare that they have no competing interests.

Grant information
The author(s) declared that no grants were involved in supporting 
this work.

References

1.	 Frat JP, Thille AW, Mercat A, et al.: High-flow oxygen through nasal cannula in 
acute hypoxemic respiratory failure. N Engl J Med. 2015; 372(23): 2185–2196. 
PubMed Abstract | Publisher Full Text 

2.	 Vincent JL, Akca S, De Mendonca A, et al.: The epidemiology of acute 
respiratory failure in critically ill patients(*). Chest. 2002; 121(5): 1602–1609. 
PubMed Abstract | Publisher Full Text 

3.	 Vincent JL, Sakr Y, Ranieri VM: Epidemiology and outcome of acute respiratory 
failure in intensive care unit patients. Crit Care Med. 2003; 31(4 Suppl): S296–299.  
PubMed Abstract | Publisher Full Text 

4.	 Quon BS, Gan WQ, Sin DD: Contemporary management of acute exacerbations 
of COPD: a systematic review and metaanalysis. Chest. 2008; 133(3): 756–766. 
PubMed Abstract | Publisher Full Text 

5.	 Vital FM, Ladeira MT, Atallah AN: Non-invasive positive pressure ventilation 
(CPAP or bilevel NPPV) for cardiogenic pulmonary oedema. Cochrane Database 
Syst Rev. 2013; 5: CD005351.  
PubMed Abstract | Publisher Full Text 

6.	 Ferrer M, Torres A: Noninvasive ventilation for acute respiratory failure. Curr 
Opin Crit Care. 2015; 21(1): 1–6.  
PubMed Abstract | Publisher Full Text 

7.	 Carrillo A, Gonzalez-Diaz G, Ferrer M, et al.: Non-invasive ventilation in 
community-acquired pneumonia and severe acute respiratory failure. Intensive 
Care Med. 2012; 38(3): 458–466.  
PubMed Abstract | Publisher Full Text 

8.	 Spoletini G, Alotaibi M, Blasi F, et al.: Heated Humidified High-Flow Nasal 
Oxygen in Adults: Mechanisms of Action and Clinical Implications. Chest. 
2015; 148(1): 253–61.  
PubMed Abstract | Publisher Full Text 

9.	 Matthay MA: Saving lives with high-flow nasal oxygen. N Engl J Med. 2015; 
372(23): 2225–2226.  
PubMed Abstract | Publisher Full Text 

10.	 Messika J, Ben Ahmed K, Gaudry S, et al.: Use of High-Flow Nasal Cannula 
Oxygen Therapy in Subjects With ARDS: A 1-Year Observational Study. Respir 
Care. 2015; 60(2): 162–169.  
PubMed Abstract | Publisher Full Text 

11.	 Putensen C, Theuerkauf N, Zinserling J, et al.: Meta-analysis: ventilation 
strategies and outcomes of the acute respiratory distress syndrome and acute 
lung injury. Ann Intern Med. 2009; 151(8): 566–576.  
PubMed Abstract | Publisher Full Text 

Page 3 of 4

F1000Research 2016, 5:41 Last updated: 08 JAN 2016

http://www.ncbi.nlm.nih.gov/pubmed/25981908
http://dx.doi.org/10.1056/NEJMoa1503326
http://www.ncbi.nlm.nih.gov/pubmed/12006450
http://dx.doi.org/10.1378/chest.121.5.1602
http://www.ncbi.nlm.nih.gov/pubmed/12682455
http://dx.doi.org/10.1097/01.CCM.0000057906.89552.8F
http://www.ncbi.nlm.nih.gov/pubmed/18321904
http://dx.doi.org/10.1378/chest.07-1207
http://www.ncbi.nlm.nih.gov/pubmed/23728654
http://dx.doi.org/10.1002/14651858.CD005351.pub3
http://www.ncbi.nlm.nih.gov/pubmed/25486576
http://dx.doi.org/10.1097/MCC.0000000000000173
http://www.ncbi.nlm.nih.gov/pubmed/22318634
http://dx.doi.org/10.1007/s00134-012-2475-6
http://www.ncbi.nlm.nih.gov/pubmed/25742321
http://dx.doi.org/10.1378/chest.14-2871
http://www.ncbi.nlm.nih.gov/pubmed/25982042
http://dx.doi.org/10.1056/NEJMe1504852
http://www.ncbi.nlm.nih.gov/pubmed/25371400
http://dx.doi.org/10.4187/respcare.03423
http://www.ncbi.nlm.nih.gov/pubmed/19841457
http://dx.doi.org/10.7326/0003-4819-151-8-200910200-00011


12.	 Dellinger RP, Levy MM, Rhodes A, et al.: Surviving sepsis campaign: 
international guidelines for management of severe sepsis and septic shock: 
2012. Crit Care Med. 2013; 41(2): 580–637.  
PubMed Abstract | Publisher Full Text 

13.	 Vourc’h M, Asfar P, Volteau C, et al.: High-flow nasal cannula oxygen during 
endotracheal intubation in hypoxemic patients: a randomized controlled 
clinical trial. Intensive Care Med. 2015; 41(9): 1538–48.  
PubMed Abstract | Publisher Full Text 

14.	 Miguel-Montanes R, Hajage D, Messika J, et al.: Use of high-flow nasal  
cannula oxygen therapy to prevent desaturation during tracheal intubation of 
intensive care patients with mild-to-moderate hypoxemia. Crit Care Med. 2015; 

43(3): 574–583.  
PubMed Abstract | Publisher Full Text 

15.	 Simon M, Braune S, Frings D, et al.: High-flow nasal cannula oxygen versus 
non-invasive ventilation in patients with acute hypoxaemic respiratory failure 
undergoing flexible bronchoscopy--a prospective randomised trial. Crit Care. 
2014; 18(6): 712.  
PubMed Abstract | Publisher Full Text | Free Full Text 

16.	 Stephan F, Barrucand B, Petit P, et al.: High-Flow Nasal Oxygen vs Noninvasive 
Positive Airway Pressure in Hypoxemic Patients After Cardiothoracic Surgery: 
A Randomized Clinical Trial. JAMA. 2015; 313(23): 2331–2339.  
PubMed Abstract | Publisher Full Text 

Page 4 of 4

F1000Research 2016, 5:41 Last updated: 08 JAN 2016

http://www.ncbi.nlm.nih.gov/pubmed/23353941
http://dx.doi.org/10.1097/CCM.0b013e31827e83af
http://www.ncbi.nlm.nih.gov/pubmed/25869405
http://dx.doi.org/10.1007/s00134-015-3796-z
http://www.ncbi.nlm.nih.gov/pubmed/25479117
http://dx.doi.org/10.1097/CCM.0000000000000743
http://www.ncbi.nlm.nih.gov/pubmed/25529351
http://dx.doi.org/10.1186/s13054-014-0712-9
http://www.ncbi.nlm.nih.gov/pmc/articles/4300050
http://www.ncbi.nlm.nih.gov/pubmed/25980660
http://dx.doi.org/10.1001/jama.2015.5213

