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Latest advances in understanding the 
physiological effects of high‑flow nasal cannula
High-flow nasal cannula (HFNC) systems deliver heated 
and humidified gases, usually at 30–60 L/min, at a set 
desired fraction of inspired oxygen (FiO2) [1]. This, in 
turn, improves carbon dioxide (CO2) clearance and, by 
exceeding peak tidal inspiratory flows, achieves more 
stable alveolar oxygen fractions, as less room-air is 
entrained [2]. After accounting for some modifying fac-
tors (e.g. mouth closed), HFNC can generate a variable 
low positive end-expiratory pressure [3, 4]. These physi-
ological effects are proportional to the set flow rate and 
benefit critically ill patients with respiratory diseases by 
reducing respiratory drive, inspiratory effort and minute 
ventilation [4] (Fig. 1).

Beyond flow selection, recent findings highlight the 
physiological relevance of HFNC interface, body posi-
tion and respiratory rate. Asymmetrical prongs applied 
to hypoxemic patients supported by conventional HFNC 
were shown to improve CO2 clearance, determining a 
19.6% reduction of minute ventilation compared to clas-
sical cannulas [5]. HFNC combined with awake-prone 
positioning moves end-expiratory transpulmonary pres-
sure closer to 0 cmH2O and reduces dynamic lung strain 
[6]. Finally, the efficiency of CO2 washout by HFNC 
decreases at higher respiratory rate, especially with 
flow < 60 L/min, while asymmetrical cannula interface 
could limit this phenomenon [7].

HFNC in acute hypoxemic respiratory failure
HFNC may be indicated for all hypoxemic patients who 
do not improve oxygenation or experience relief from 
respiratory distress when using conventional oxygen 
therapy, given the absence of contraindication. In these 
patients, HFNC has been shown to reduce intubation 
rates without affecting mortality [1]. Similarly, it can be 
used as a post-extubation supportive therapy, decreasing 
the need for reintubation when non-invasive ventilation 
(NIV) is not indicated. Indeed, in the post-extubation 
period, HFNC may be equivalent to NIV in some clini-
cal scenarios. In patients with acute hypoxemic respira-
tory failure (AHRF), HFNC could be started with an 
initial flow of 30–40 L/min and rapidly escalated to the 
maximum tolerated. Conversely, in post-extubation, 
HFNC may be initiated with slightly lower flows, with 
subsequent titration upwards in a manner akin to AHRF 
patients, albeit with a modest reduction in the maximum 
tolerated flow. The differences in peak inspiratory flow 
generated may explain these variations [2]. In AHRF or 
post-extubation, FiO2 should be titrated according to the 
oxygenation values. Finally, HFNC temperature signifi-
cantly influences patient comfort. Ideally, the gas should 
be delivered at 37 °C. However, lower temperatures may 
be associated with better comfort [8] (Fig. 1).

One notable advantage of HFNC lies in its enhanced 
patient comfort compared to other non-invasive respira-
tory support therapies, allowing for continuous admin-
istration 24  h per day. Despite conceptualised optimal 
settings and the inherent heterogeneity in HFNC effects 
among patients, prioritising patient tolerance remains 
paramount.

HFNC in acute and chronic hypercapnic respiratory 
failure
In recent years, HFNC has been increasingly utilised to 
treat patients with hypercapnic respiratory failure across 
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various conditions. Our updated meta-analysis reaf-
firmed previous findings when HFNC was employed as 
the initial treatment for acute hypercapnic respiratory 
failure [9], indicating no significant differences in the 
intubation risk between HFNC and NIV, (supplemen-
tal Fig. S1, Table  S1). Two randomised controlled trials 
(RCTs) involving patients with chronic obstructive pul-
monary disease (COPD) and mild hypercapnia (defined 
as pH ≥ 7.35 and PaCO2 > 45 mmHg) demonstrated very 
low and comparable intubation rates between HFNC and 
conventional oxygen therapy [10]. However, Xia et al. [11] 
reported prolonged hospital stays in patients with high 
bicarbonate treated with HFNC, attributing it to delayed 
NIV escalation. Limited sample sizes in both study sets 
hinder robust conclusions, necessitating further RCTs.

Although NIV remains the first-line technique for 
managing hypercapnia in COPD exacerbations, HFNC 
can be considered between NIV sessions or in cases 
of NIV intolerance in patients with mild-to-moderate 
hypercapnia. In these patients, adequate CO2 clearance 
may be achieved with lower flows (30 L/min) compared 
to hypoxemic patients, and the FiO2 should be titrated 

according to the oxygenation target, which is lower than 
in hypoxemic patients. Following extubation in patients 
with hypercapnic respiratory failure, our updated meta-
analysis showed no significant differences in the risk of 
re-intubation between HFNC and NIV (Fig. S2). How-
ever, until further evidence is available, NIV remains the 
first-line therapy. Lastly, for stable hypercapnic COPD 
patients requiring long-term oxygen therapy at home, 
a recent RCT reported lower rates of moderate/severe 
exacerbations in the HFNC group compared to conven-
tional oxygen therapy [12].

The importance of detecting HFNC failure
Delayed intubation in patients treated with HFNC has 
been consistently associated with worse outcomes [13]. 
Therefore, investigating the determinants of HFNC fail-
ure is imperative. However, there is no consensus regard-
ing the specific threshold of physiological variables that 
trigger intubation. Therefore, the decision to intubate is 
ultimately based on the physician’s clinical judgement at 
the bedside.

Fig. 1  Multidimensional approach to the settings and monitoring of high-flow nasal cannula (HFNC) therapy for patients with acute respiratory 
failure. AHRF: Acute hypoxemic respiratory failure; EELV: end-expiratory lung volume; FiO2: fraction of inspired oxygen; CO2: carbon dioxide; EIT: 
electrical impedance tomogrpahy; PaO2: partial pressure of oxygen in arterial blood; PaCO2: partial pressure of carbon dioxide in arterial blood; 
SpO2: pulse oximetry



The progression of respiratory failure remains the prin-
cipal reason for intubation in HFNC patients, and it has 
been hypothesised that this may be related to the inabil-
ity to mitigate patient self-inflicted lung injury through 
the physiological benefits provided by HFNC [14]. How-
ever, routine clinical practice rarely involves monitoring 
inspiratory effort or transpulmonary pressures during 
HFNC treatment. Consequently, bedside clinical assess-
ment is crucial to identify HFNC failure. Several vari-
ables, including lack of improvement in oxygenation or 
reduction in respiratory rate following the initiation of 
HFNC, presence of thoracoabdominal asynchrony, and 
increased systemic severity, indicate HFNC failure. Fur-
thermore, the ROX index (defined as the ratio of oxygen 
saturation as measured by pulse oximetry/FiO2 to res-
piratory rate)—which calculates the ratio of SpO2/FiO2 
to respiratory rate—has demonstrated superior predic-
tive diagnostic accuracy compared to assessing these 
variables individually [15] (Fig. 1). A RCT is ongoing to 
explore whether using ROX as a criterion for intubation 
would decrease the time to intubation in patients who fail 
HFNC (NCT04707729).

HFNC weaning
Given its non-invasive nature, HFNC can be easily 
removed and resumed, making weaning HFNC in adult 
patients less of a concern. Many RCTs investigating 
HFNC lack specific weaning criteria, though some sug-
gest discontinuation or switching to conventional oxygen 
if patients are stable with respiratory rates ≤ 25 breaths/
min and SpO2 ≥ 92%, at the settings of flow 30 L/min 
and FiO2 0.4 (Table S2). In a retrospective analysis of 190 
HFNC-treated patients, an FiO2 ≤ 0.4 and a ROX ≥ 9.2 
were identified as predictors of HFNC weaning success 
[16]. However, the sequence of reducing HFNC variable 
(flow or FiO2) remains to be investigated, a general con-
sensus leans towards weaning FiO2 to 0.4, if tolerated, 
reducing flow to 30 L/min.

Take‑home message
Offering benefits such as improved oxygenation and 
CO2 clearance, reduced respiratory drive, and enhanced 
patient comfort, HFNC has reshaped the approach to 
non-invasive respiratory support. Despite its advantages, 
the need for close monitoring and an individualised 
approach to therapy is paramount, as delayed intubation 
in HFNC-treated patients can lead to adverse outcomes. 
Future research focusing on refining weaning protocols, 
adjusting therapy variables, and understanding patient-
specific responses is essential to fully harness the poten-
tial of HFNC.
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