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Abstract
Purpose: High flow nasal cannula (HFNC) is a relatively recent respiratory support technique which delivers high
flow, heated and humidified controlled concentration of oxygen via the nasal route. Recently, its use has increased for
a variety of clinical indications. To guide clinical practice, we developed evidence-based recommendations regarding
use of HFNC in various clinical settings.
Methods: We formed a guideline panel composed of clinicians, methodologists and experts in respiratory medicine.
Using GRADE, the panel developed recommendations for four actionable questions.
Results: The guideline panel made a strong recommendation for HFNC in hypoxemic respiratory failure compared to
conventional oxygen therapy (COT) (moderate certainty), a conditional recommendation for HFNC following extuba‑
tion (moderate certainty), no recommendation regarding HFNC in the peri-intubation period (moderate certainty),
and a conditional recommendation for postoperative HFNC in high risk and/or obese patients following cardiac or
thoracic surgery (moderate certainty).
Conclusions: This clinical practice guideline synthesizes current best-evidence into four recommendations for HFNC
use in patients with hypoxemic respiratory failure, following extubation, in the peri-intubation period, and postopera‑
tively for bedside clinicians.
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Introduction
Clinicians use various non-invasive modalities to deliver
oxygen to patients. Each modality is associated with
specific advantages and disadvantages. Two of the most
commonly used oxygen-delivery modalities, traditional
nasal cannula and regular or Venturi masks, typically
accommodate flow rates of around 15 L (L) per minute
(although Venturi can provide total gas flow > 60L/min)
and therefore have limited ability to meet the inspiratory demands of patients, especially patients with dyspnea [1]. The high flow nasal cannula (HFNC) has recently
garnered interest as a system that is capable of delivering
high flow of 30–60L/min of heated and humidified gas at
a controlled concentration of oxygen via the nasal route
[2]. Despite these potential benefits, use of HFNC for
various clinical scenarios is variable and clinicians lack
evidence-based guidance. We developed a clinical practice guideline to help clinicians regarding HFNC use for
four specific clinical indications.

Methods
Scope and panel composition

The PLUG (https://www.plugwgroup.org/), a working
group of the European Society of Intensive Care Medicine (ESICM) nominated a joint panel of experts to
develop guidelines for respiratory support using HFNC.
The panel includes intensive care physicians, respirologists and five clinician-methodologists (BR, SE, KB, DC,
YH) with experience in guideline development using
Grading of Recommendations, Assessment, Development and Evaluation (GRADE) methodology [3]. The
executive group for the guideline included a smaller
subset of experts and methodologists (BR, TM, JM, KB,
SE, LB). ESCIM provided videoconference software and
meeting space for face-to-face panel meetings. We did
not receive financial support to develop this clinical practice guideline.
Following initial discussions, panel members identified
four actionable PICO (patients, intervention, comparator,
outcomes) questions. We prioritized questions of importance to stakeholders and in areas where practice variation was expected to exist based on widespread HFNC
use for selected clinical conditions [4, 5].
Conflict of interest (COI) policy

All panel members were required to disclose all potential financial conflicts of interested prior to guideline
initiation. An ad-hoc COI management committee was

Take‑home message
The guideline panel made a strong recommendation for HFNC in
hypoxemic respiratory failure (moderate certainty), a conditional
recommendation for HFNC following extubation (moderate cer‑
tainty), no recommendation regarding HFNC in the peri-intubation
period (moderate certainty), and a conditional recommendation
for postoperative HFNC in high risk and/or obese patients following
cardiac or thoracic surgery (moderate certainty)

chaired by one member of the guideline executive (JM)
and two other guideline panel members (RDS and ASS).
Panel members judged to have important financial COI
($5,000 or higher) were able to participate in discussion around the evidence but were excluded from voting
(where required) and formulating recommendations.
Literature search

Panel members rated outcomes based on perceived
importance to patients for clinical decision-making on
a scale of 1 (not important) to 9 (critically important).
Working with a medical librarian, methodologists conducted systematic reviews of the literature to seek studies examining the use of the HFNC for four indications:
hypoxic respiratory failure, peri-intubation, post extubation and post-operative usage. We searched MEDLINE,
EMBASE and Web of Science from January 1st 2007
through November 1st 2019 as HFNC was not widely
used in adults prior to 2007. We included randomised
controlled studies (RCTs) conducted in adults that compared HFNC use to either conventional oxygen therapy
(COT), continuous positive airway pressure (CPAP) or
NIPPV and reported one or more outcomes of interest. We limited our search to trials published in English.
We considered prior meta-analyses that met acceptable
quality standards. We also reviewed the reference lists of
eligible trials, reviews, and meta-analyses and inquired
with panel experts to ensure that no trials were missed.
To respond to the actionable PICO questions, we focused
on RCTs. To address the non-actionable narrative questions, we also identified observational studies. Although
we did not conduct a formal systematic review for patient
values and preferences, we retained any relevant information found addressing these from the literature search.
We searched clinical trial registries (clinicaltrials.gov,
controlled-trials.com, anzctr.org.au, and who.int/ictrp)
to identify trials currently in progress. Further details on
our search and methodology can be found in standalone
published meta-analyses performed to support this
guideline [6, 7].

Table 1 Interpretation of strong and conditional recommendations for stakeholders (patients, clinicians and policymakers)
Strong recommendation

Conditional recommendation

For patients

Most individuals in this situation would want the recom‑
mended course of action and only a small proportion would
not

The majority of individuals in this situation would want the sug‑
gested course of action, but many would not

For clinicians

Most individuals should receive the recommended course of
Different choices are likely to be appropriate for different
action. Adherence to this recommendation according to the
patients and therapy should be tailored to the individual
guideline could be used as a quality criterion or performance
patient’s circumstances. Those circumstances may include the
indicator. Formal decision aids are not likely to be needed to
patient or family’s values and preferences
help individuals make decisions consistent with their values
and preferences

For policy makers

The recommendation can be adapted as policy in most situa‑
tions including for the use as performance indicators

Data collection and analysis

Two methodologists (SE, YH) screened titles and
abstracts and subsequently full-text manuscripts independently and in duplicate. Similarly, multiple methodologists (DC, BR, YH, SE) performed data extraction and
risk of bias assessment independently and in duplicate
for each included trial. We assessed risk of bias using the
modified Cochrane Risk of Bias tool [8] which assesses
random sequence generation (selection bias), allocation
concealment (selection bias), blinding of outcome assessors (performance and detection bias), incomplete outcome data, intention-to-treat (attrition bias) and selective
reporting. Trials were assigned a risk of bias corresponding to the highest rating for any of these domains.

Policy making will require substantial debates and involve‑
ment of many stakeholders. Policies are also more likely to
vary between regions. Performance indicators would have
to focus on the fact that adequate deliberation about the
management options has taken place

designated recommendations as strong (using the phrasing “we recommend”) or conditional (using the phrasing
“we suggest”) [12]. Table 1 describes the implications
of the strength of a recommendation. We finalized the
recommendations at an in-person meeting in Brussels
on November 4, 2019. The final wording of each recommendation was reviewed, approved, and voted on by
panel members without COI. Figure 1 summarises our
recommendations.
For non-actionable PICO questions, we drafted narratives using studies identified as part of the literature
search. These drafts were circulated among panel members for review and approval.
Manuscript preparation

Evidence summaries

We used Revman v.5.3 software for pooled analysis using
inverse variance weighting and random effects models.
We generated an evidence profile for each of the PICO
questions [9]. Following GRADE methodology, certainty
in each outcome was rated as high, moderate, low or very
low [10]. Data from RCTs started as high certainty and
data from observational studies started as low certainty
evidence. We subsequently downgraded certainty by one
or two level for concerns related to individual study risk
of bias (RoB), inconsistency, indirectness, imprecision or
publication bias.
Formulation of recommendations

The panel developed recommendations using the
GRADE Evidence-to-Decision framework which considers the certainty in the evidence, the balance between
desirable and undesirable effects (positive effects and
negative effects), patient values and preferences, resource
use, health equity, acceptability and feasibility [11]. We

After generating the recommendations, the panel divided
into writing groups focusing on each of the eight questions. Editing and feedback were coordinated by the
panel executive and accomplished through electronic
communication.
As new practice changing RCTs are published,
guideline members will plan to update the guideline
accordingly.

Actionable PICO Questions:
PICO 1: Acute hypoxemic respiratory failure
Recommendation

We recommend using HFNC compared to COT for
patients with hypoxemic respiratory failure (strong recommendation, moderate certainty evidence).
Evidence summary

Nine trials compared HFNC to COT in this population
[13–21]. Five trials were conducted in the ICU setting
[13, 15, 17, 19, 21] and four trials were conducted in

Fig. 1 Scheme of recommendations

the Emergency Department (ED) [14, 16, 18, 20]. One
trial [18] only included patients with acute pulmonary
edema and two trials [10, 14] examined exclusively
immune compromised patients. All included trials
were unblinded. Four trials [14, 16, 17, 20] were judged
to be at high risk of bias due to issues with features
related to trial quality. The meta-analysis supporting
this recommendation has been published elsewhere
[6]. See the supplementary material to review the evidence profiles (Suppl material 1) and for a discussion
of physiologic mechanisms (Suppl material 2).
Compared to COT, HFNC use decreased the need for
intubation relative risk (RR) 0.85 (95% confidence interval [CI] 0.74–0.99; 7 trials, n = 1647, moderate certainty)
and escalation of respiratory support RR 0.71 (0.51–0.98;
8 trials, n = 1703, moderate certainty). We lowered the
certainty of both outcomes due to imprecision. We did
not find evidence of an effect of HFNC compared to
COT on mortality (moderate certainty), ICU length of
stay (low certainty), hospital length of stay (moderate
certainty), patient reported dyspnea (low certainty) and
comfort (very low certainty). Complications of therapy
were variably reported across the included trials which
did not permit quantitative pooling; however, qualitative
assessment did not suggest an increased risk of complications for HFNC-treated patients.
Although we pre-planned subgroup analyses based
on several factors (hypoxemic versus hypercapnic respiratory failure, pulmonary edema versus other causes,
immune compromised versus immunocompetent, mild
versus severe hypoxia, bilateral infiltrates versus no bilateral infiltrates), there were insufficient data to perform
these analyses.

Rationale

For patients with hypoxemic respiratory failure, the
anticipated desirable effects of HFNC when compared
to COT include a reduction in the rates of intubation
(moderate certainty) and escalation of respiratory support (moderate certainty). HFNC may have a small effect
on comfort and dyspnea; however, the effect of HFNC on
mortality and length of stay was much less certain. The
panel judged the overall desirable effects to be moderate—understanding that any decrease in intubation was
almost certainly important to patients.
The panel judged the anticipated undesirable effects
of HFNC compared to COT and NIPPV to be minimal.
Adverse events directly related to HFNC are uncommon
and have been mostly reported in children and infants
[22–26]. The use of HFNC may delay intubation, however the due to the heterogeneity of study designs and
risk of confounding we were not able to pool data evaluating this outcome. A large retrospective study evaluated
the effect on patient outcome of the timing of intubation
after failure of HFNC [27]. Patients intubated within 48 h
had lower ICU mortality (39 vs. 67%; P = 0.001) than
those intubated later. A similar association was observed
with extubation success, ventilator weaning and ventilator-free days. Noticeably, patients in the early intubation group were intubated a mean of 10 h after initiating
HFNC, while those in the late intubation group were
intubated at a mean of 126 h, more than 5 days, after
starting HFNC. Hence, this study actually compares early
intubation to “very late” rather than late intubation. Posthoc analysis in of the FLORALI trial did not demonstrate
this potential harm of HFNC in delaying intubation as
no association between timing of intubation and risk of

mortality was demonstrated [28]. These studies evaluating the risk of delayed intubation are conflicting however
the panel was reassured that there was no increase in
mortality or duration of ICU/hospital length of stay with
HFNC, as would be expected there was an important
delay in intubation.
Although not reported in the included trials, nasal
bleeding related to HFNC use was a concern and may
limit treatment with HFNC. Importantly, patients randomized to HFNC had reduced rates of intubation and
similar survival and length of stay compared to COT.
Overall, the panel judged the balance of desirable and
undesirable effects to favor use of HFNC over COT in
patients with acute hypoxemic respiratory failure.
The panel did not identify important considerations
with regard to patient’s values and preferences (how
different patients may place different levels of importance on each outcome of interest) as most patients
value avoiding intubation. Cost-effectiveness data suggests a net cost savings with HFNC compared to COT
in the range of 500–1000 British Pounds per patient
(600–1200 US Dollars or Euros [equivalent currency])
[29]. This cost-effectiveness considers both the cost of
the equipment but also the cost savings in intubations
avoided. Consequently, HFNC was judged by the panel
to be associated with at least moderate cost savings. We
did not find any cost data evaluating the comparison
of HFNC with NIPPV. The panel judged HFNC use (as
compared to COT or NIPPV) to be both acceptable and
feasible to implement. However, for of all the reasons
mentioned above, constant monitoring of the patients
and an experienced assessment of their response to
treatment are critical and may require appropriate
human resources. HFNC should therefore be initiated
in an environment that has sufficient staff to closely
monitor the patient’s clinical course and that is well
trained to recognize the early signs of failure.
The panel debated between a conditional or strong
recommendation regarding the use of HFNC for acute
respiratory failure. This recommendation was the only
recommendation that required a formal vote amongst
the panel; however, the majority of panel members
favored making a strong recommendation. Those who
favored a conditional recommendation recognized
the persistent uncertainty regarding the risks associated with delayed intubation and specific populations
that may not benefit from HFNC. At this time, patients
with acute hypoxemic respiratory failure requiring high
HFNC settings (flow and/or FiO2) should be managed
in a monitored setting as they have a high likelihood of
decompensating and requiring invasive ventilation.

Research priorities

Despite the number of RCTs studying HFNC in patients
with hypoxemic respiratory failure, further data are
required to improve precision in point estimates. Future
research should focus on specific patient populations to
determine which patients derive the greatest benefit from
HFNC support (e.g. congestive heart failure, COPD, septic shock, those with moderate to severe hypoxemia (PF
ratio < 200 mmHg). Also, we require more data examining HFNC as compared to NIPPV in many of these
populations. Additional research is needed to inform
implementation considerations including the setting in
which patients are managed (ICU, wards, step-up or stepdown units). There also remain several areas of uncertainty (optimal settings, early detection of patients who
are likely to fail, protocols, methods to escalate and deescalate support, and weaning strategies) to guide HFNC
use in patients with acute hypoxemic respiratory failure.
Cost-effectiveness data are needed to clarify the impact
of widespread HFNC use for hypoxemic patients in different healthcare contexts. Data are needed regarded the
effects of HFNC in low income countries given differing
etiologies for respiratory failure and co-interventions in
this setting. Finally, recent studies have examined coadministration of HFNC and NIPPV so as to combine the
benefits of both interventions. Further research is needed
to explore the role of multimodal support strategies.
PICO 2: Post‑extubation respiratory failure
Recommendation

We suggest HFNC as compared to COT following extubation for patients who are intubated more than 24 h and
have any high-risk feature (conditional recommendation,
moderate certainty evidence).
For patients who clinicians would normally extubate to
NIPPV, we suggest continued use of NIPPV as opposed
to HFNC (conditional recommendation, low certainty
evidence).
Evidence summary

Five trials [30–34] compared @@HFNC vs COT and
three trials [35–37] compared HFNC to NIPPV (CPAP or
bi-level NIPPV). Of the eight trials, seven were judged to
be low risk of bias and one trial had insufficient information to assess risk of bias [36]. Although the definition for
high risk was variably defined amongst included trials,
the largest defined it as at least 1 of: age over 65, congestive heart failure, moderate-severe COPD, APACHE II
score > 12, BMI > 30, airway patency or secretion problems, difficulty weaning, two or more comorbidities or
duration of mechanical ventilation over 7 days [35]. See

the supplementary material to review the evidence profiles (Suppl material 1) and for a discussion of physiologic
mechanisms (Suppl material 2).
Compared to COT, HFNC reduced reintubation (RR
0.46 [0.30–0.70; 4 trials, n = 847, moderate certainty])
with no important inconsistency and reduced postextubation respiratory failure (RR 0.52 [0.30–0.91; 3
trials, n = 787, very low certainty]). The certainty in postextubation respiratory failure was lowered for important
inconsistency, indirectness and imprecision.
Compared to NIPPV, HFNC had no effect on the rates
of reintubation (low certainty) with no inconsistency or
post-extubation respiratory failure (very low certainty).
We lowered certainty based on considerations related to
risk of bias, indirectness, and imprecision. Only one trial
[37] examined comfort which favored HFNC (moderate
certainty).
We did not identify effects of HFNC vs COT or NIV
on mortality (moderate certainty), need for escalation
to NIV (moderate certainty, COT comparison only), or
ICU (moderate certainty) and hospital LOS (moderate
certainty). Also, we did not identify credible subgroup
effects for any outcome when comparing high vs low risk
populations, obese versus non-obese patients or based on
risk of bias.

that patients that are intubated for very short periods
of time (e.g., < 24 h) and have no high-risk features may
not need HFNC. A number of important practical questions remain including how long to use HFNC and how
to de-escalate HFNC use in this population (see research
priorities).
Research priorities

Further research is needed to identify the subgroups (e.g.
medical versus surgical) of patients most likely to benefit
from use of the HFNC among those at risk for extubation
failure. As all of the trials were conducted in high income
countries, it is unclear if the results and recommendation are generalizable to low income settings. Most trials
examined prophylactic application of HFNC after extubation. Consequently, data are needed to assess the role
of HFNC, if any, once post-extubation respiratory failure
has developed [38].
For patients who are treated with HFNC after extubation, we have minimal data to guide treatment duration
and de-escalation. More data regarding the potential
role for combination treatment (HFNC combined with
NIPPV) are needed. Finally, cost-effectiveness data
are needed to inform policy regarding HFNC use after
extubation.

Rationale

We identified desirable effects of HFNC vs. COT in
reducing rates of reintubation (moderate certainty) and
post-extubation respiratory failure (very low certainty)
recognizing that trial authors variably defined the latter
outcome. Conversely, we found that compared to NIPPV,
HFNC had no effect on rates of reintubation (low certainty) and post-extubation respiratory failure (very low
certainty). The desirable effects of HFNC compared to
COT were larger than when HFNC was compared with
NIPPV, where treatment effects with HFNC were more
variable and uncertain.
The undesirable effects of HFNC compared to both
COT and NIPPV were small. For a more detailed discussion on the risks of HFNC, please see PICO 1. On balance, the evidence supported use of HFNC compared to
COT but neither favored nor disfavored use of HFNC
over NIPPV, especially when patients were already being
treated with NIPPV.
We did not identify important considerations related
to patient values and preferences. We did not have sufficient information to assess resource and health equity
considerations and anticipated that cost-effectiveness of
HFNC (vs. COT) would vary based on jurisdiction. We
judged HFNC use (compared to COT and NIPPV) to be
both acceptable and feasible. The panel identified the fact

PICO 3: Peri‑intubation
Recommendation

We make no recommendation regarding use of HFNC in
the peri-intubation period. For patients who are already
receiving HFNC, we suggest continuing HFNC during intubation (conditional recommendation, moderate
certainty).
Evidence summary

Ten trials [39–48] compared HFNC to COT (face mask
and/or bag mask ventilation) or NIPPV in the peri-intubation period. Half of these trials enrolled non-hypoxemic patients undergoing intubation during induction
of general anaesthesia before surgery and the remaining trials examined critically ill hypoxemic patients who
required intubation [39−41, 43, 45]. Of the peri-operative trials, two trials included patients undergoing emergency surgery [42, 47], one trial each included patients
undergoing bariatric surgery [35], any surgery, [48] and
neurosurgery [46]. See the supplementary material to
review the evidence profiles (Suppl material 1) and for
a discussion of physiologic mechanisms (Suppl material
2). The results of the meta-analysis have been published
elsewhere [7].

Six of the ten trials [39, 41–43, 46, 47] compared HFNC
to COT, two [40, 48] compared HFNC to NIPPV only,
and one trial compared HFNC with NIPPV to NIPPV
only [45]. One trial included three arms that compared
HFNC to NIPPV and facemask with bag mask [44]. With
the exception of blinding, all trials except one [48] were
judged to be at low or probably low risk of bias. Only one
trial was judged to be at high risk of bias due to inadequate concealment.
When compared to COT and NIPPV, HFNC had no
effect on the incidence of peri-intubation hypoxemia,
defined as SpO2 < 80% (moderate certainty), 28-day mortality (moderate certainty); serious complications (low
certainty), or ICU LOS (moderate certainty). Authors
characterized serious complications as a composite of
severe hypoxia 
(SpO2 < 80%), significant hypotension,
use of vasopressors and cardiac arrest. Seven trials contributed data to the pooled analyses for hypoxemia and
serious complications, whereas only four trials contributed data to the pooled analysis for ICU LOS and 28-day
mortality. We lowered the certainty for all outcomes due
to imprecision related to wide confidence intervals that
failed to exclude serious benefit or harm. We further
lowered certainty for the serious complications (various
outcomes, different levels of patient importance) due to
indirectness.
HFNC use had no effect on apneic time (low certainty), PaO2 measured after preoxygenation (moderate
certainty), PaO2 measured after intubation (moderate
certainty) or PaCO2 measured after intubation (low certainty) when compared to COT or NIPPV.
Preplanned subgroup analysis based on patient type
(ICU vs. preoperative patients) demonstrated a larger
increase in P
 aO2 levels after preoxygenation in the operative subgroup of patients who received HFNC; however,
this increase is of questionable clinical significance as
both subgroups had very high P
 aO2 levels after undergoing pre-oxygenation. Otherwise, we did not identify
credible subgroup effects for any outcomes of interest by
patient type, the comparator used (NIPPV vs. COT), or
risk of bias (high vs. low). Sensitivity analysis excluding a
single trial [43] that did not include patients with severe
hypoxia did not change the strength or direction of the
summary estimates.
Rationale

The desirable effects of HFNC compared to COT and
NIPPV include a possible increase in P
 aO2 in preoperative patients (moderate certainty) but no effect on ICU
LOS, peri-intubation complications, apneic time or oxygenation. Although, a single trial that compared HFNC
plus NIPPV to NIPPV alone found a reduction in severe
hypoxia (SpO2 < 80%) and an increase in PaO2, the panel

agreed that any anticipated desirable effects of HFNC
were likely small.
Conversely, the anticipated undesirable effects of
HFNC use in the peri-intubation period were judged to
be trivial. Although HFNC reportedly increases the risk
for nasal bleeding this complication was not reported in
the included trials. Overall, the panel judged the balance
between desirable and undesirable effects of HFNC use
in the peri-intubation period to be at least equal, favoring
neither conventional therapy, NIPPV, or HFNC. Some
panel members felt that the potential desirable effects
outweighed the trivial harms associated with HFNC use.
This viewpoint considered the trend towards improved
oxygenation in pooled analysis and data suggesting that
HFNC use may occasionally prevent catastrophic harm
(hypoxic arrest, anoxic brain injury) due to hypoxia and
apnea.
We did not identify important considerations regarding
individual patient’s values or preferences. Although the
use of HFNC would be associated with equipment costs,
we did not have sufficient data to assess the cost-effectiveness of HFNC for this indication. The panel judged
peri-intubation HFNC implementation (as compared to
COT or NIPPV) to be acceptable and feasible.
Research priorities

Trials examining peri-intubation HFNC included a heterogeneous group of patients with various levels of
hypoxia and undergoing intubation for diverse reasons.
The effect of HFNC use in specific patient populations
(severe hypoxia (P/F < 100); obese; different surgeries)
is unknown. None of the trials examined HFNC use in
patients who were considered to be difficult to intubate
or at high risk for desaturation. Additionally, only three
trials [33, 38, 41] compared HFNC use to NIPPV and one
trial combined NIPPV with HFNC for intubation [38].
Data regarding intubator level of training, patient positioning, ease of intubation and patient experience were
rarely or never reported. Data related to the long-term
effects of HFNC use in the peri-intubation period were
absent. This is particularly important as the costs and
negative outcomes associated with severe hypoxemia or
hypoxemic arrest are not seen in the short term [49]. It is
unclear what effect prolonging safe apnea time may have
on patient outcomes [50].
PICO 4: Post‑operative
Recommendation

In high risk and/or obese patients undergoing cardiac
or thoracic surgery, we suggest using HFNC compared
to COT to prevent respiratory failure in the immediate postoperative period (conditional recommendation, moderate certainty evidence). We suggest against

prophylactic HFNC use to prevent respiratory failure in
other postoperative patients (conditional recommendation, very low certainty evidence).
Evidence summary

Ten trials [51–60] compared prophylactic HFNC to COT
and only one trial compared HFNC to NIPPV [61]. Of
these, six trials were conducted in patients following cardiac surgery [53, 55, 57, 58], four trials were conducted
following thoracic surgery [51, 52, 56], and one trial was
performed in patients after major combined thoracic and
abdominal surgery [54]. With the exception of blinding,
all trials, except one [52], were judged to be at low or
probably low risk of bias. One trial was judged to be at
high risk of bias as it did not adhere to an intention-totreat analysis. See the supplementary material to review
the evidence profiles (Suppl material 1) and for a discussion of physiologic mechanisms (Suppl material 2).
Compared to COT, post-operative HFNC use was associated with a significantly lower reintubation rate (RR
0.32 [0.12–0.88; 6 trials, n = 900, moderate certainty])
and decreased need to escalate respiratory support (RR
0.54 [0.31–0.94; 7 trials, n = 1120, very low certainty]).
We lowered certainty of evidence for the rate of reintubation due to imprecision related to a very low event rate.
We also lowered certainty of evidence regarding the need
to escalate respiratory support due to inconsistency, indirectness, and imprecision.
When compared to COT, HFNC had no effect on mortality (low certainty), ICU length of stay (high certainty),
hospital length of stay (moderate certainty) or the incidence of postoperative hypoxia (low certainty).
Pre-planned subgroup analyses based on type
of surgery, risk of postoperative respiratory complications, and obesity did not demonstrate credible subgroup effects. However, a post-hoc subgroup
analysis, comparing high risk (combination of obese
patients and those at high risk of postoperative respiratory complication) vs. non high-risk patients
showed increased benefit of HFNC for high risk
patients. Only two trials [55, 56] examined non highrisk patients. We performed two post-hoc sensitivity
analyses excluding, (1) two trials that excluded obese
patients [54, 56] and (2) a single trial that evaluated patients following thoracoabdominal surgery
[54]. Neither sensitivity analysis changed the overall
results or conclusions.
When compared to NIPPV, HFNC had no effect on
reintubation rate (low certainty), the need for respiratory support (low certainty), or ICU length of stay (low
certainty). Compared to HFNC use, skin breakdown
was more common with NIPPV use (low certainty).

Rationale

The desirable effects of HFNC compared to COT
included a reduction in the rates of reintubation (moderate certainty) and escalation of respiratory support
(very low certainty). Although, the effect sizes for these
outcomes were large (RR 0.32), the absolute effects
were small (absolute risk reduction 2.9%). These effects
were driven by obese patients and patients at high risk
of postoperative respiratory complications. High-risk
was variably defined in the included trials; two used an
ARISCAT score of 26 or greater, while two others considered obesity or history of cardiac or respiratory disease as high risk. Similar benefits were not seen when
HFNC was compared to NIPPV or in low-risk patients.
We noted an increase in skin breakdown with NIPPV
use compared to HFNC use.
The anticipated undesirable effects of HFNC compared to COT and NIPPV were minimal. The trials
included in this dataset did not report nasal bleeding
with HFNC. For a more detailed discussion on the risks
of HFNC (see PICO 1). Overall, the panel judged the
balance of desirable and undesirable effects to favor the
use of prophylactic HFNC over COT for high risk or
obese patients after major cardiac and thoracic surgery,
and neither favored or disfavored HFNC use compared
to NIPPV. Since only one trial examined non-cardiac
or thoracic surgery patients and did not show benefit
associated with HFNC use, the panel judged the evidence insufficient to recommend prophylactic HFNC
use in other post-operative patients.
The panel did not identify any important considerations regarding individual patient’s values or preferences. There were insufficient data to consider the
implications of HFNC use based on resources and
health equity concerns. Nonetheless, NIPPV use typically requires admission to a monitored setting (e.g.,
ICU) which may not be true for HFNC use [61]. The
panel judged HFNC implementation (as compared to
COT or NIPPV) to be both acceptable and feasible.
Research priorities

The included trials examined patients after cardiac, thoracic, and major abdominal surgery. The effect of HFNC
use postoperatively in other surgical populations at risk
of respiratory failure (neurosurgery, otolaryngology
surgery or major vascular surgery) remains unknown.
Given that HFNC is likely most beneficial in high-risk
surgical populations, HFNC use in these other populations should be investigated. HFNC use in patients after
thoracic and abdominal surgery also requires further
evaluation in order to increase precision of findings [54].
Additional trials are needed to assess HFNC alone vs.

HFNC co-administered in combination with NIPPV in
postoperative patients [62].
We did not identify any long term or cost-effectiveness
data examining postoperative HFNC use. All trials investigated prophylactic HFNC use to prevent respiratory
failure consequently, the role for HFNC as a treatment
for acute respiratory failure in postoperative patients
is unknown. Finally, there were insufficient data on the
effectiveness of HFNC in high risk subgroups (elderly,
poor lung reserve). Trials focused on these vulnerable
populations are needed.

Discussion
Our guideline has several strengths. To address our PICO
questions, we conducted a comprehensive systematic
review of the literature, including risk of bias assessment
of individual RCTs, assessment of certainty of evidence
for each outcome, and adhered to GRADE methodology. The guideline process was accompanied by transparent reporting of COIs. The panel included both content
and methods experts. We used the Evidence-to-Decision
framework to ensure incorporation of all relevant considerations into the recommendations. We prioritized outcomes that were perceived to be important to patients
and highlighted areas for future investigation. Our guideline also has limitations. Although we did not include
patient representatives on the panel, we included speculated patient perspectives (in regards to the importance
of outcomes and how patients may value the balance of
specific benefits and harms). Because HFNC is a relatively new technology, imprecision and inconsistency in
pooled estimates limited certainty assessments for several recommendations. As trials examining HFNC use
continue to be conducted, we anticipate that recommendations will need to be updated.
Conclusion
We make four recommendations to guide HFNC use in
practice including a strong recommendation for HFNC
in hypoxemic respiratory failure (moderate certainty),
conditional recommendation for HFNC following extubation (moderate certainty), no recommendation regarding HFNC in the peri-intubation period (moderate
certainty), and a conditional recommendation for postoperative HFNC in high risk and/or obese patients following cardiac or thoracic surgery (moderate certainty).
Electronic supplementary material
The online version of this article (https://doi.org/10.1007/s00134-020-06312-y)
contains supplementary material, which is available to authorized users.
Abbreviations
CI: Confidence interval; COT: Conventional oxygen therapy. Defined as lowflow oxygen (≤ 15 l/min) delivered either by nasal cannula or face mask.; CPAP:

Continuous positive airway pressure; ESICM: European society of intensive
care medicine; GRADE: Grading of recommendations, assessment, develop‑
ment, and evaluation; HFNC: High flow nasal cannula; ICU: Intensive care unit;
NIPPV: Non-invasive positive pressure ventilation; OR: Odds ratio; PaO2FiO2
ratios: Ratio between arterial oxygen pressure and inspired fraction of oxygen;
PEEP: Positive end-expiratory pressure; PICO: Population/intervention/com‑
parison/outcome; RCT: Randomised clinical trial; RR: Relative risk; SpO2: Arterial
oxygen saturation.
Author details
Department of Medicine, McMaster University, Hamilton, ON, Canada.
Department of Health Research Methods, Evidence and Impact, McMaster
University, Hamilton, ON, Canada. 3 General Intensive Care Unit, Shaare Zedek
Medical Center, Jerusalem, Israel. 4 Faculty of Medicine, Hebrew University,
Jerusalem, Israel. 5 Servei de Medicina Intensiva, Hospital Universitari Sant
Pau, Barcelona, Spain. 6 Dipartimento Di Fisopatologia Medico‑Chirurgica
E Dei Trapianti, Università Degli Studi Di Milano, Milan, Italy. 7 Department
of Anesthesia, Critical Care and Emergency, Fondazione IRCCS Ca’ Granda
Ospedale Maggiore Policlinico, University of Milan, Milan, Italy. 8 Department
of Medicine, Division of Respirology, University Health Network, Toronto,
Canada. 9 Interdepartment Division of Critical Care Medicine, University
of Toronto, Toronto, Canada. 10 University Hospital of Montpellier and Saint Eloi
Hospital, Montpellier University, Montpellier, France. 11 Assistance Publique–
Hôpitaux de Paris, DMU ESPRIT, Médecine Intensive Réanimation, Hôpital
Louis Mourier, 92700 Colombes, France. 12 Université de Paris, IAME, U1137,
Inserm, 75018 Paris, France. 13 Division of Respiratory Diseases and Tubercu‑
losis, Department of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol
University, Bangkok, Thailand. 14 Servei de Medicina Intensiva, Hospital
Universitari Vall D’Hebron, Institut de Recerca Vall D’Hebron, Barcelona, Spain.
15
Ciber Enfermedades Respiratorias (CIBERES), Instituto de Salud Carlos III,
Madrid, Spain. 16 Department of Anesthesiology Intensive Care and Emer‑
gency Medicine, Fondazione Policlinico Universitario A.Gemelli IRCCS, Rome,
Italy. 17 Istituto Di Anestesiologia E Rianimazione, Università Cattolica del Sacro
Cuore, Rome, Italy. 18 University Department of Medical, Oral and Biotech‑
nological Sciences, G. D’Annunzio University of Chieti‑Pescara and Clinical,
Department of Anesthesia, Critical Care and Pain Medicine, SS. Annunziata
Hospital, Chieti, Italy. 19 Sorbonne Université, INSERM, UMRS1158, Neuro‑
physiologie Respiratoire Expérimentale Et Clinique, Paris, France. 20 Service de
Pneumologie, Médecine Intensive Et Réanimation, Département R3S, AP-HP
Sorbonne Université, Hospital Pitié-Salpêtrière, Paris, France. 21 Australian
and New Zealand Intensive Care Research Centre, Monash University, Mel‑
bourne, Australia. 22 Department of Intensive Care, Alfred Health, Melbourne,
Australia. 23 Département de Médecine Intensive–Réanimation, CHU D’Angers,
Université D’Angers, Angers, France. 24 Service de Médecine Intensive Et Réani‑
mation. APHP, Hôpital Saint‑Louis, Université de Paris, Paris, France. 25 Intensive
Care Unit, CHU F. Bourguiba Monastir, Université de Monastir, 5000 Monastir,
Tunisia. 26 Research Lab, Cardiopulmonary Research in Intensive Care and Toxi‑
cology, LR12SP15, Monastir, Tunisia. 27 Department of Anesthesia and Inten‑
sive Care, University of Foggia, Foggia, Italy. 28 Pulmonary Division, Hospital das
Clinicas – Heart Institute (InCor), School of Medicine, University of São Paulo,
São Paulo, SP, Brazil. 29 AP-HP; Hôpitaux universitaires Henri Mondor, Service
de Médecine Intensive Réanimation, 94010 Créteil, France. 30 Faculté de Santé
de Créteil, Université Paris Est Créteil, GRC CARMAS, 94010 Créteil, France.
31
Critical Care Research Group, University of Queensland, Brisbane, Australia.
32
Adult Intensive Care Services, The Prince Charles Hospital, Brisbane, Aus‑
tralia. 33 CHU de Poitiers, Réanimation Médicale, INSERM, CIC‑1402, équipe 5
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