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An algorithm of nasal high flow (NHF) application in 
patients with acute hypoxemic respiratory failure was 
proposed by our clinic a few years ago (1). Since then, a 
number of recent studies have been published, thus the aim 
of the present letter is to provide an update to the already 
published algorithm regarding the optimum initiation flow 
rate, the introduction of indices of sufficient prognostic 
value for monitoring the patient, as well as the suggestion 
of a new strategy to intubate after NHF failure (Figure 1).

As previously described, the first concern in a patient 
with clinical signs of acute respiratory distress of almost any 
cause and hypoxemic respiratory failure detected by arterial 
blood gas analysis is to check if endotracheal intubation and 
invasive ventilation are indicated. If so, intubation must not 
be delayed and NHF could be used for pre-oxygenation and 
apneic oxygenation during laryngoscopy with maximum 
settings [flow rate 60 L·min–1, 100% fraction of inspired 
oxygen (FiO2)] (2,3). Nasal application of high flow oxygen 
during intubation extends apnoeic window by maintaining 
oxygen saturation within safer values (>90%) for a longer 
period with concomitant lesser rate of carbon dioxide rise 
(0.15 kPa·min–1) (3). It has been demonstrated that NHF 
minimizes intubation related adverse events such as rate and 
level of desaturation, arrhythmia and cardiac arrest.

If endotracheal intubation and invasive ventilation are 
not indicated, NHF must be applied as soon as possible with 
100% FiO2, flow rate 50–60 L·min–1 and temperature 37 ℃. 
The best initially set flow rate remains a matter of debate. 
Lower flow rates (35–40 L·min–1) are better tolerated (4), while 
a maximum flow of 60 L·min–1 can rapidly relieve dyspnea, 
improve oxygenation and prevent muscle fatigue (5). A recent 

physiologic randomized study in patients with hypoxemic 
respiratory failure showed that the optimum flow rate 
can be different depending on the respiratory target (i.e., 
oxygenation index, minute ventilation, work of breathing, 
etc.) (6). Hence, the authors concluded that it should be 
individualized. However, in clinical practice, it seems more 
reasonable to select the highest flow (60 L·min–1) for NHF 
initiation in order to achieve rapid improvement and then 
titrate according to the therapeutic targets and patient’s 
comfort (6). Therefore, we still recommend the application 
of high flow rates at the initial settings.

Soon after NHF initiation (within 1–2 h), negative 
prognostic respiratory parameters, such as pulse oximetry of 
oxygen (SpO2) <88–90%, respiratory rate >35 breaths·min–1, 
thoraco-abdominal asynchrony and auxiliary respiratory 
muscle use must be checked (7). The aforementioned 
parameters should improve early after NHF initiation and 
thus if any of these are present, they identify patients that 
do not respond to NHF. Based on the most significant 
prognostic indices, respiratory rate and SpO2, respiratory 
rate-oxygenation (ROX) index has been proposed recently 
as the ratio of SpO2/FiO2 to respiratory rate (8). It has 
been demonstrated that ROX index <2.85 at 2 hours after 
NHF initiation is a predictor of failure thus NHF must 
be discontinued. In that case non-invasive ventilation 
(NIV) application could be considered. Beyond respiratory 
parameters, the presence of additional organ dysfunction as 
expressed by a SOFA score >4, mainly hemodynamic failure, 
has also been significantly associated with NHF failure, 
indicating a more severe group of patients (9).

If negative prognostic respiratory parameters are not met, 
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Figure 1 Recommended algorithm for high-flow nasal cannula use in acute hypoxemic respiratory failure in either immunocompetent 
or immunocompromised patients. *, acute hypoxemic respiratory failure is defined as PaO2/FiO2 <300 (patients with PaCO2 >45 mmHg 
and pH <7.35 are excluded); #, persistent shock is defined by systolic arterial blood pressure <90 mmHg despite adequate fluid 
administration; §, ROX index: ratio of SpO2/FiO2 to respiratory rate; £, the rationale of change in NHF settings is the following: (I) flow rate 
could be adjusted downwards by 5 to 10 L·min–1 per 1–2 hours if none of the negative prognostic factors are present. However, if targets 
of SpO2 and respiratory rate are not achieved, while the flow rate is below 60 L·min–1, increase of flow rate by 5 to 10 L·min–1 is rather 
preferred instead of raising FiO2; (II) increase in FiO2 causes increase in PaO2 and SpO2; (III) temperature can be set at 37 ℃ or lower 
(31–34 ℃) based on patient’s comfort; ¥, hemodynamic instability is defined by heart rate >140 beats·min–1 or change >20% from baseline 
and/or systolic arterial blood pressure >180, <90 mmHg or decrease >40 mmHg from baseline. FiO2, fraction of inspired oxygen; NHF, 
nasal high flow; MV, mechanical ventilation; PaO2, arterial partial pressure of oxygen; PaCO2, arterial partial pressure of carbon dioxide; 
SpO2, pulse oximetry of oxygen; SOT, standard oxygen treatment; ROX, respiratory rate-oxygenation.
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NHF can be continued. Initial settings must be adjusted 
according to patient’s respiratory rate (<25–30 breaths·min–1), 
SpO2 (>88–90%), comfort and tolerance. Flow rate should 
be decreased by 5–10 L·min–1 every 1–2 h. However, if flow 
rate is less than 60 L·min–1 and respiratory targets of SpO2 
and respiratory rate are not achieved, an increase of flow rate 
by 5–10 L·min–1 is suggested instead of raising FiO2, since 
entrainment of room air during inspiration will decrease, 
leading to a more reliable FiO2. Higher flow rates will also 
linearly increase airway pressure, recruiting more alveolar 
units. If SpO2 remains low, an increase in FiO2 is necessary (4).

The abovementioned prognostic respiratory parameters 
and the presence of organ dysfunction, especially 
hemodynamic instability and the ROX index (cut-of 
values for NHF failure at 6 and 12 hours are 3.47 and 3.85 
respectively) must be ideally monitored every 1–2 hours (7-9). 
Sustaining NHF for respiratory support in an unresponsive 
patient can result in undesired respiratory and cardiac 
complications. Kang et al., suggested that intubating a 
patient who had failed on NHF therapy within 48 h of 
starting NHF is associated with lower overall intensive care 
unit (ICU) mortality compared to those who were intubated 
after 48 h (10). However, we recommend that instead of a 
specific time frame after NHF initiation as a criterion for 
early or late intubation, the presence of negative prognostic 
indices and the inability to reverse them within 1 or 2 hours 
after NHF settings titration should be considered as more 
accurate. In such a case, invasive mechanical ventilation 
(MV) should be initiated and NHF can be maintained 
throughout the intubation period to improve pre-
oxygenation and apneic oxygenation.

If the patient’s clinical status and arterial blood gases 
gradually improve, firstly FiO2 must be decreased to 40–50%, 
followed by a stepwise decrease in flow rate by 5–10 L·min–1 
with intervals based on the patient’s respiratory parameters. 
NHF can be weaned off and delivery of oxygen with a 
venturi mask or low flow nasal prongs can be started, if the 
patient remains stable for 1–2 h with FiO2 40% and flow rate  
<15 L·min–1.

Despite the abundant literature up to date regarding 
NHF use in hypoxemic respiratory failure, more studies are 
needed in order to build specific algorithms based on the 
unique pathophysiological mechanism of each underlying 
disease. However, since no other algorithm exists in the 
current literature, we propose the use of our revised 
algorithm by clinicians.
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