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Background

Extubation failure, defined as requiring reintubation within 
2–7 days after a planned extubation, is associated with 
remarkably higher mortality rates compared to successfully 
extubated patients (1,2). Numbers of studies investigated 
the rate of extubation failure in various populations of 
patients in intensive care units (ICU), showing that it varied 
from 10% to 30% of extubated patients (3). Most patients 
are reintubated because of respiratory failure but this can 
be related to excessive secretions, progressive exhaustion, 
respiratory muscle weakness, aspiration or fluid overload. 
Several risk factors have been reported to be associated 
with extubation failure, such as age greater than 65 years, 
underlying chronic cardiorespiratory disease, acute 
physiology and chronic health evaluation (APACHE) II score 
higher than 12 points at time of extubation, airway patency 
problems, etc. (3,4). Although these factors may allow us 
to evaluate the potential risk of extubation failure, our 
understanding on the pathophysiological mechanism is still 
disappointedly limited. Different strategies for postextubation 
management, such as applying preventive noninvasive 
ventilation (NIV) in high-risk patients, have been endeavored 
to improve extubation outcome. In the last decade, a novel 
therapy—high-flow nasal cannula (HFNC)—was introduced 
and has brought wide attention among researchers and 
clinicians. In this article, we discuss its physiological effects 
and consequences, and look at recent clinical evidence for 
implementing this therapy in the post-extubation period.

Physiological effects and consequences

Heated and humidified oxygen with constant concentration

Conventional oxygen administration usually delivers a 

low-flow rate at 2 to 15 L/min through nasal cannula or 
masks. Flows exceeding 6 L/min can lead to insufficient 
humidification provided by nasal mucosa, even when a 
cold bubble humidifier is used. Inhaling dry and cold 
oxygen provokes upper airway dryness frequently leading 
to intolerance (5,6), and potentially impairing mucociliary 
functions such as secretions clearance and airway defense. 
Moreover, patients with respiratory failure often generate 
a peak inspiratory flow varying between 30 and 60 L/min,  
which means that only a part of the inspired flow can be 
provided by the low-flow systems whereas the other part has 
to be entrained from ambient air. Consequently, the actual 
fraction of inspired oxygen (FiO2) cannot be guaranteed in 
low-flow systems, including the Venturi masks. A dedicated 
high-flow system, HFNC, was therefore developed to 
deliver oxygen at constant concentration with a high flow 
rate. It consists of a wide bore nasal cannula, a heated 
humidifier, and a heated inspiratory circuit, providing 
heated and humidified oxygen (37 ℃, 44 mg/L) at a 
predetermined constant concentration (21% to 100%) and 
using high flow rates (up to 60 L/min). Results of studies 
supported that it reduces patients’ discomfort and upper 
airway dryness (6-8), whereas a potentially protective effect 
on mucociliary function requires further investigation.

Positive pharyngeal pressure

HFNC can induce a positive pharyngeal pressure during 
expiration due to its constant ingoing flow. A carefully 
designed study by Mündel and colleagues (9) confirmed 
this effect, and demonstrated that its amplitude depends 
primarily upon the flow rate provided by HFNC but 
also upon the expiratory flow exhaled by the patient. It is 
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therefore not entirely similar from applying a continuous 
positive airway pressure, which aims to maintain a steady 
level of positive pressure during the whole cycle of breath. 
In other words, the target of HFNC is flow instead of 
pressure; hence for a given rate of flow provided by HFNC, 
the greater patient’s expiratory flow the higher pharyngeal 
pressure, vice versa. Parke et al. (10) reported that HFNC 
increased the mean pharyngeal pressure by about 1 cmH2O 
per 10 L/min, within a range of 30–100 L/min (extra high-
flow was offered by using two combined HFNC systems). 
At the end of expiration, exhaled flow drops close to zero 
and the actual positive end-expiratory pressure (PEEP) can 
be low, approximately 0.5–3 cmH2O as shown in limited 
data (9,11). Additionally, the increase in mean pharyngeal 
pressure is attenuated when the mouth is open [mouth 
closed vs. mouth open: 2.7±1.0 vs. 1.2±0.8 cmH2O (11)]. 
In patients after removal of tracheotomy tubes, Chanques  
et al. (8) measured the tracheal pressure through the residual 
hole in the trachea, and confirmed that opening mouth 
can induce a significant decrease in mean tracheal airway 
pressure, from around 2 to 0.6 cmH2O.

Despite this uncertainty about how much PEEP can really 
be offered by HFNC, studies (10,12) have demonstrated that 
end-expiratory lung impedance was increased with rising 
flow rate of HFNC, suggesting an increase in end-expiratory 
lung volume. In addition, by inducing a low external PEEP, 
HFNC might be able to improve atelectasis, alleviate airway 
collapse and air trapping, and reduce work of breathing 
caused by intrinsic PEEP. 

Dead-space washout

For a normal adult at rest breathing, approximately one 
third of tidal volume is rebreathed from the anatomical 
dead space that is filled with carbon dioxide (CO2) enriched 
gas at each end exhalation. This fraction of dead space 
ventilation can increase to more than a half of tidal volume 
in patients with rapid shallow breathing (13), leading to a 
low respiratory efficiency. By providing a high flow of fresh 
air during expiration, HFNC may be able to washout the 
CO2 filled nasopharyngeal cavity more rapidly. Möller et al.  
constructed an anatomically representative upper airway model 
from a subject’s computer tomography scan, to test the effect of 
HFNC on dead-space clearance in breath-holding condition. 
After filling the models with gas tracers, they observed a 
linear positive correlation between tracer-gas clearance 
in the model and the flow rate of HFNC, approximately 
1.8 mL/s increase in clearance for every 1.0 L/min  

increase in flow. Although circumstances of dynamic 
breathings are much more complex, this study suggested 
that HFNC may significantly reduce CO2 rebreathing. This 
potential effect perhaps partly explains why respiratory rate 
is significantly reduced (suggesting lower respiratory drive) 
with HFNC in a wide range of observations. It is, however, 
challenging to test this potential effect directly in humans. 
Of note, similar to water vapor removal in panting dogs (14), 
the unidirectional breathing with nose in and mouth out 
has been shown to be the most efficient for CO2 clearance, 
minimizing the CO2 (as water vapor) recycling in the upper 
airway (13). Further clinical studies taking into account 
the route of breathing could be interesting to optimize the 
effects of HFNC.

Clinical trials implementing HFNC in the post-
extubation period

The first randomized controlled trial to test the efficacy of 
HFNC was conducted by Maggiore and his colleagues (7), 
who compared HFNC with Venturi mask in 105 extubated 
patients with hypoxemia. They found that HFNC improved 
oxygenation for the same set FiO2 and reduced discomfort 
both related to the interface and to airway dryness. The 
improvement in oxygenation, however, is difficult to 
interpret since HFNC can deliver a precise preset FiO2 
whereas Venturi mask cannot. Interestingly, significantly less 
reintubations and need for NIV (within 48 hours) was also 
observed in the HFNC group. A larger multicenter trial in 
a similar group of patients is currently ongoing by the same 
group (ClinicalTrials.gov Identifier: NCT02107183). 

Recently, Hernández and his colleagues performed 
a  large,  mult icenter  randomized control led tr ia l 
(NCT01191489) to determine whether HFNC would 
reduce reintubation rate. The investigators enrolled a total 
of 1,130 patients but allocated the patients into two studies 
(4,15) according to their risk for reintubation. Patients at 
low risk for reintubation were randomly receiving HFNC 
or conventional oxygen therapy (nasal cannula or non-
rebreathing facemask) whereas patients at high risk were 
randomly receiving HFNC or NIV. The study comparing 
HFNC with conventional oxygen therapy in low-risk 
patients has been published in full (4).

In this study, 527 patients who passed a spontaneous 
breathing trial and in the absence of selected risk factors for 
reintubation—as partly aforementioned—were enrolled. 
Patients who were hypercapnic during the spontaneous 
breathing trial were also excluded because clinicians 
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preferred to use preventive NIV in this case. In the HFNC 
group, HFNC was administered for the first 24 hours of 
postextubation, and afterwards conventional oxygen therapy 
was allowed. In both groups, FiO2 was adjusted to maintain 
peripheral oxygen saturation greater than 92%. Eventually, 
reintubation rate within 72 hours, as the primary outcome, 
was significantly lower in the HFNC group than that in 
the conventional group (4.9% vs. 12.2%, respectively). 
Probably attributed to limiting HFNC to 24 hours after 
extubation, preventive HFNC did not delay reintubation 
compared with conventional group (i.e., similar time to 
reintubation). This is important for safety concern, since 
delayed reintubation could worsen outcome (16). 

This study represents clinical evidence for implementing 
preventive HFNC during the first post-extubation day 
even among patients at low risk for reintubation. As 
mentioned, this entire project was divided into two studies 
according to risk factors for reintubation, to compare the 
effects of HFNC with other therapies (low-flow or NIV). 
This is justified by evidence showing the benefit of NIV 
in high-risk patients. Comparing HFNV with NIV in this 
population therefore sounds reasonable. Yet, selecting 
patients relied on these outcome-associated risk factors 
is arguable since the risk factors may not be modified by 
the interventions. For example, none of these therapies 
can modify the general characteristics such as age and 
APACHE II score. Consequently, risks indicated by these 
factors may not be directly alleviated by applying the three 
interventions. Some researchers and clinicians may favor to 
select patients based on the type of respiratory failure (e.g., 
hypoxemic, hypercapnic, or cardiogenic pulmonary edema/
fluid overload). However, whether etiology of respiratory 
failure at intubation has a strong link with extubation 
outcome remains unclear. The ongoing randomized 
controlled trial (NCT02107183) performed by Maggiore 
and his colleagues choose to select patients who presented 
hypoxemia within 30 minutes after extubation while 
breathing through a venturi mask, to test the effectiveness 
of HFNC Versus Venturi. Further physiological studies are 
needed to better understand the mechanisms of extubation 
failure and effects of HFNC. Meanwhile, we look forward 
to seeing the detailed results of comparing HFNC with 
NIV in patients at high risk for reintubation (15), as well as 
other clinical trials on this topic. 
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