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Effectiveness of high-flow nasal cannula therapy on clinical 
outcomes in adults with COVID-19: A systematic review

Daiana Gonçalves Arruda1 , George Alvício Kieling2 , Lucélia Luna Melo-Diaz2

DG Arruda, GA Kieling, LL Melo-Diaz. Effectiveness of high-flow nasal cannula therapy on clinical outcomes in adults with COVID-19: 
A systematic review. Can J Respir Ther 2023;59:52–65. doi: 10.29390/cjrt-2022-005.

Introduction/Background: Coronavirus disease 2019 (COVID-19) has high transmissibility and mortality rates. High-flow nasal cannula therapy (HFNC) 
might reduce the need for orotracheal intubation, easing the burden on the health system caused by COVID-19. The objective of the present study was to 
examine the effectiveness of HFNC in adult patients hospitalized with COVID-19. Specifically, the present study explores the effects of HFNC on rates of 
mortality, intubation and intensive care units (ICU) length of stay. The present study also seeks to define predictors of success and failure of HFNC.
Methods: A systematic literature search was conducted in the PubMed, EMBASE and SCOPUS databases, and the study was prepared according to the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. Study quality was assessed using the National Heart, Lung, and Blood 
Institute’s Study Quality Assessment Tools.
Results: The search identified 1,476 unique titles; 95 articles received full-text reviews and 40 studies were included in this review. HFNC was associated 
with a reduction in the rate of orotracheal intubation, notably when compared to conventional oxygen therapy. Studies reported inconsistency in whether 
HFNC reduced ICU length of stay or mortality rates. Among the predictors of HFNC failure/success, a ratio of oxygen saturation index of approximately 
5 or more was associated with HFNC success.
Conclusion: In adult patients hospitalized with COVID-19, HFNC may prove effective in reducing the rate of orotracheal intubation. The ratio of the 
oxygen saturation index was the parameter most examined as a predictor of HFNC success. Low-level research designs, inherent study weaknesses and 
inconsistent findings made it impossible to conclude whether HFNC reduces ICU length of stay or mortality. Future studies should employ higher level 
research designs.
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INTRODUCTION
The Coronavirus Disease 2019 (COVID-19), which is an infection caused 
by the new coronavirus (2019-nCoV or SARS-CoV-2), rapidly evolved to 
pandemic levels because of its high rate of transmissibility and mortality 
[1]. In its most severe form, this viral pneumonia may evolve into acute 
respiratory distress syndrome (ARDS), septic shock, metabolic disorders 
and coagulopathy [2].

Respiratory failure is the leading cause of death in patients with 
severe COVID-19. This occurs because of a combination of two factors: 
viral pneumonia and ARDS. Therefore, an adequate ventilatory support 
strategy is essential for the treatment of COVID-19 [3].

High-flow nasal cannula therapy (HFNC) is a viable approach to the 
treatment of mild to moderate hypoxemic respiratory failure helping to 
reverse respiratory acidosis [4]. HFNC provides a flow of up to 60 L/min 
of heated and humidified oxygen with accurate titration of FiO2 through 
a nasal cannula. The beneficial physiological effects include reducing oxy-
gen dilution, reducing the physiological dead space, generating positive 
end-expiratory pressure, promoting secretion clearance and reducing the 
development of bronchial hyper-responsiveness symptoms, in addition to 
being more comfortable for the patient [5]; it can also reduce dyspnea [6].

Although the development of vaccines has reduced the number of 
deaths because of COVID-19 [7], the pandemic continues to be marked 
by individuals who commonly required intensive and specialized 

treatment, thus increasing the demand on the health system, generating 
a shortage of beds in intensive care units (ICU) [8], and consequently 
elevating health care costs. HFNC may be an effective resource, reducing 
the need for intubation and hospitalization time, thereby lessening the 
burden on the health system, particularly during the pandemic [9].

Since the beginning of the COVID-19 pandemic, many primary stud-
ies have explored clinical, service and safety outcomes associated with 
HFNC in patients with COVID-19 (10–32). Many of these studies are 
observational [10, 11) and possess methodological weaknesses [12–21), 
making it challenging to draw conclusions about HFNC effectiveness, 
safety [22, 23) or appropriateness [24]. Therefore, the purpose of this sys-
tematic review was to synthesize evidence pertaining to the effectiveness of 
HFNC in adults hospitalized for treatment of COVID-19. Specifically, the 
present study seeks to define the effects of HFNC on rates of mortality, 
orotracheal intubation and on ICU length of stay. It also seeks to define 
the predictors of success and/or failure of HFNC in COVID-19 patients.

METHODS
This systematic review was prepared according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses guidelines [25]. The 
Population, Intervention, Comparison and Outcome (PICO) strategy 
was designed containing descriptors associated with the objectives of the 
study, as summarized in Table 1.
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TABLE 1
PICO strategy
P = (Population, patient) Older adult

Adult
COVID-19
Hospitalized patient

I = (Intervention) High-flow nasal cannula (HFNC)
C = (Comparison) -------------------------------
O = Outcomes Intubation rate

Mortality
Predictors of success/failure
Length of stay in the intensive care unit 
(ICU)

TABLE 2
Search strategy used in PubMed
#1* “coronavirus disease 2019”

“severe acute respiratory syndrome coronavirus”
“2019 new coronavirus”
“sars-cov-2”
“human coronavirus 2019”
“COVID-19”

#2* “high-flow nasal cannula therapy”
“hfnc (high-flow nasal cannula)”
“hfnc assisted ventilation”
“hfnc therapy”
“hfnc ventilation”
“high flow nasal cannula respiratory support”
“high flow nasal cannula therapy”
“high flow nasal prong therapy”

Strategy #1 AND #2
Filters Humans; language: Portuguese, English, Spanish; year: 

2019-2022; free and complete articles

*Keywords joined by the Boolean operator “OR”.

Search strategies
A keyword adherence test was used to optimize and filter the selected 
databases. The purpose of the test is to examine the frequency of 
appearance in absolute numbers, of a descriptor that is strongly linked 
to the proposed research topic in the most accessed health sciences 
databases [26]. The following databases were selected: PubMed, 
EMBASE and SCOPUS. An electronic search was conducted between 
May 11 and 13, 2022. The search strategy summarized in Table 2 used 
PubMed as an example. The same rationale was used for EMBASE and 
SCOPUS databases.

Study selection
Study selection was independently conducted by two reviewers (DA & 
GK) according to the following inclusion criteria: 1) experimental (eg, 
randomized clinical trials) and observational studies (eg, prospective, ret-
rospective and case-control studies) that were interventional; 2) full-text 
articles; 3) published between 2019 and 2022; 4) in English, Portuguese 
and Spanish; 5) studies with humans, limited to adults or older adults, 
hospitalized with COVID-19, using HFNC therapy; 6) with no restric-
tion of race, sex or country. Individual studies contained in systematic 
reviews that appeared within the search strategy were examined sepa-
rately as an additional selection (eg, outside of the search strategy). The 
exclusion criteria were 1) case studies and case series, comments, recom-
mendations, letters to the editor and editorials; 2) studies containing 
protocols for randomized clinical trials; 3) descriptive studies; 4) studies 
with animals; and 5) incomplete studies and systematic reviews. The title 
and abstract of potentially eligible studies were read in full, according to 
the previously established criteria. Full-text articles were consulted when 
the information contained in the abstract was insufficient. Any discrep-
ancies were mediated by a third reviewer (LM-D).

Data extraction
The ZOTERO and Access programs were used to manage data screening 
and extraction. All relevant data were extracted and organized in a table 
format. The methodological quality of the studies was assessed using the 
Study Quality Assessment Tools from the National Heart, Lung, and 
Blood Institute (NHLBI) [27]. It consists of 14 items, with each item 
being marked as “Yes”, “No” or “Not reported”. The “Yes” score is 
assigned a score of 1, while the other scores are assigned a score of 0. 
Therefore, the overall score represents the number of affirmative 
answers. For the qualitative assessment of the final scores, studies with 
scores above 12 were considered “good”, studies between 9 and 12 were 
considered “fair”, while those lower than 9 were considered “weak” [28]. 
The quality assessment was independently conducted by two authors 
(GK & LM-D). This systematic review was registered in The International 
Prospective Register of Systematic Reviews (PROSPERO) database 
(CRD420201270360).

RESULTS
Database searches yielded a total of 2,553 articles: 211 articles in 
PubMed, 878 articles in EMBASE and 1,464 articles in SCOPUS, pub-
lished between 2020 and 2022. After excluding the duplicates, 1,476 

articles remained. After the analysis of titles and abstracts, 581 poten-
tially eligible articles remained. Following the analysis based on eligibility 
criteria, a total of 95 articles remained. During full-text review and data 
extraction, 55 were excluded for not meeting the eligibility criteria. A 
total of 40 studies were included in the review. The Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses flowchart illustrates the 
selection process (Figure 1).

From the 40 studies included, 25 were observational retrospective, 13 
were observational prospective and 2 were randomized controlled trials. 
A total of 18 studies were conducted in the ICU setting, 5 in a ward, 10 
did not specify the location (hospital), 6 were conducted both in ICU and 
ward, and 1 in the emergency department. Five studies compared HFNC 
to conventional oxygen therapy, 8 compared the use of HFNC to invasive 
mechanical ventilation (eg, the first 24 h vs an early intubation approach 
or HFNC vs invasive mechanical ventilation), 3 compared HFNC to 
non-invasive ventilation (NIV), 1 compared HFNC to non-rebreather 
mask (NRM), 1 compared HFNC to helmet non-invasive ventilation 
(HNV), 6 compared HFNC to 3 or more forms of oxygen therapy (eg, 
continuous positive airway pressure [CPAP], NIV, HNV, NRM), 1 com-
pared HFNC with and without use of medication (eg, tocilizumab) and 
15 did not establish comparisons to other forms of oxygen therapy. Most 
of the studies [8] were conducted in China, followed by France, Spain and 
the United States (5 studies each), followed by Italy and Poland (2 studies 
each). Turkey, South Africa, Switzerland, Croatia, Saudi Arabia, Canada, 
Brazil, Germany, Mexico, the United Kingdom, India and Morocco had 
1 study each. One was a multi-country study (France, Belgium and 
Switzerland). The number of participants in each study ranged between 
16 [29] and 1,491 [30]. The mean interstudy age among patients who used 
HFNC ranged between 43.8 years [31] and 87 years [32]. Regarding the 
methodological quality, most of the studies (n=35) were classified as hav-
ing fair quality, three studies were classified as having good quality and 
two studies were classified as having weak quality. The study characteris-
tics and outcomes are summarized in Table 3.

The outcome “mortality” was evaluated in the majority (n=30) of 
studies [29–58). Several studies compared mortality rates among those 
who were successfully managed with HFNC (ie, were weaned off HFNC) 
and those who failed. Most of these studies determined that HFNC fail-
ures [29, 37, 40, 41, 46, 51] were associated with higher rates of mortality. 
One study reported opposite findings [44], and another determined that 
the availability of HFNC in the emergency department was not associ-
ated with increased survival [50].

Regarding the type of oxygen therapy used, contrasting results were 
reported. Four studies reported that mortality was lower in patients who 
used HFNC compared to those who used conventional oxygen therapy 
[35, 58] and NRMs [32, 53]. However, studies with better methodologi-
cal quality (n=8) found that mortality rate did not differ between those 
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who used HFNC and those who used conventional oxygen therapy [33, 
49], HNV [48], CPAP [38, 52] or NIV [36, 38, 43]. Four studies found 
that mortality was higher among those who used NIV compared to those 
who used HFNC [30, 31, 55, 57].

Orotracheal intubation rate was analysed in 22 studies [29–31, 
33–38, 43, 45, 46, 48, 50, 53, 54, 56–61], and in 12 of these studies, 
HFNC was associated with a reduction of orotracheal intubations. 
From these, five studies revealed that intubation rate was lower among 
those who were successfully managed with HFNC compared to those 
who failed it [29, 37, 59]. The need for intubation was also lower in 
those who received early HFNC treatment compared to those who 
received later treatment [45] or who had HFNC available in the emer-
gency department [50]. The remaining seven studies revealed a decrease 

in intubation rate among those who used the HFNC compared to 
those who used either conventional oxygen therapy [33, 35, 57), NRM 
[31, 53], NIV [30] or early intubation approach [34]. However, the 
effectiveness of the HFNC in reducing orotracheal intubation may be 
comparable to that of the NIV, as five studies revealed no difference in 
intubation rates between the groups that used the HFNC compared to 
the NIV [36, 38, 43, 58] or CPAP [38]. Only one study compared the 
use of HNV therapy with HFNC and reported lower intubation rates 
among those who received HNV compared to those who received 
HFNC [48].

The outcome “predictors of HFNC success/failure” were examined 
in 12 studies [2, 29, 37, 39, 40, 46, 59, 62–66]. The ratio of oxygen satu-
ration (ROX) index [67], measured at different intervals, was the most 

FIGURE 1
Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart of study selection.
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often described potential predictor of HFNC success. In one study, a 
ROX index ≤ 7.17 within the first hour of therapy was predictive of 
HFNC failure [46], while a second study reported that a ROX index less 
than 5.5 within the first 4 h was predictive of HFNC failure [64]. Hu 
et al [62] and Calligaro et al [63] examined the ROX index, within the 
first 6 h of therapy, and showed that ROX indexes above 5.55 and above 
3.26, respectively, were significantly associated with HFNC success. 
Chandel et al [39] showed that ROX index greater than 3.0, measured at 
several time points (ie, 2, 6 and 12 h) and at 12 h greater than 3.67 were 
significantly predictive of HFNC success. Similarly, Chavarria et al [59] 
found a statistically significant difference in ROX index scores, measured 
at 2 and 16 h post HFNC initiation, in those who succeeded the HFNC 
(6.83 vs 8.20) but not among those who failed it (5.88 vs 5.62). Ferrer et 
al [65] reported that a ROX index cut-off of 5.35, measured at 24 h, was 
the best predictor of HFNC success.

In addition to the ROX index, additional parameters such as age, sex, 
disease severity index, vital signs, ventilation/perfusion (P/F) ratio, 
blood sample parameters, comorbidities and drug treatment were also 
investigated as potential predictors of HFNC success or failure. Young 
age [37, 39, 62] and female gender [37, 62] were independent predictors 
of success. In contrast, advanced age was a predictor of failure [37, 64]. 
Regarding disease severity, a lower sepsis-related organ failure assessment 
(SOFA) score [68] was a predictor of HFNC success [39, 62], while a 
higher SOFA score was associated with HFNC therapy failure [40, 46]. 

Regarding vital signs and PF ratio, it was found that a higher SpO2 at 
admission [37, 66] or in the first 6 h of HFNC [63] and a P/F ratio 
greater than 200 mmHg were significantly associated with HFNC suc-
cess [2] or survival [37]. In contrast, a persistent SpO2 less than 89% and 
a P/F ratio of less than 91, 4 days after therapy initiation, were associated 
with therapy failure [29].

In relation to blood sample parameters, elevated interleukin-6 [64] 
and C-reactive protein [36], in addition to thrombocytopenia [64], 
were independent predictors of HFNC failure. Chandel et al [39] 
showed that higher lactate, higher procalcitonin and a lower neutro-
phil to lymphocyte ratio were associated with HFNC failure. Regarding 
comorbidities, poorly controlled diabetes represented by glycated 
hemoglobin (HbA1c > 8%) [63] and a history of active cancer [39] were 
predictors of HFNC failure. Finally, in relation to medications, steroid 
treatment had conflicting results. Calligaro et al [63] showed that ste-
roid treatment was a predictor of HFNC failure, while Chavarria et al 
[59] found that the absence of treatment with steroids was a predictor 
of HFNC failure.

The effects of HFNC on ICU “length of stay” was examined in 14 
studies [31, 33–35, 39–41, 43–46, 48, 50, 69]. Some studies showed that 
persons who failed HFNC [40, 41, 44] or who received HFNC at later 
points in the course of their disease [45] had significant longer ICU stays 
when compared to those who succeeded HFNC (ie, were weaned off 
HFNC). Other studies found no difference [46, 50]. Mellado-Artigas 
et al [34] found that those treated with the HFNC had shorter ICU 
length of stays compared to those receiving an early intubation approach, 
whereas Chandel et al [39] found no difference in ICU length of stay 
among persons intubated 48 h before or after HFNC initiation. 
Regarding the type of oxygen therapy utilized, no differences in ICU 
length of stay were reported in studies that compared HFNC to NIV 
[31, 43] or HNV [48]. Furthermore, although one study found that 
patients treated with HFNC had a significant reduction in ICU length 
of stay [69], compared to those who were treated with conventional oxy-
gen therapy, two other studies found no difference [33, 35].

DISCUSSION
The purpose of this systematic review was to synthesize the evidence 
pertaining to the effectiveness of HFNC on select clinical outcomes in 
adults hospitalized with COVID-19. The most examined outcomes were 
mortality followed by orotracheal intubation rates. Although select stud-
ies demonstrated positive associations between HFNC failure and mor-
tality rates, this finding was not consistent across all studies. It is 
important to note that COVID-19 disease severity and co-morbidities 
were not accounted for in most of the included studies. Additionally, 

there is a lack of agreement across studies as to whether HFNC, com-
pared to other types of oxygen therapy, is more effective in lowering the 
rates of mortality. For example, several studies showed no difference in 
mortality between those treated with the HFNC versus conventional oxy-
gen therapy [70–72], whereas others showed that non-invasive oxygen 
therapy, including the HFNC, was associated with a lower risk of death 
[73]. Perhaps part of this inconsistency may be explained by the variety of 
time intervals for this particular outcome (eg, 30-day, 60-day, in-hospital 
and all-cause mortality).

The present study showed that the orotracheal intubation rate was 
lower among those for whom HFNC was successful (ie, successful wean-
ing from HFNC) when compared to those who failed it. It also suggests 
that, when compared to other forms of oxygen therapy (ie, particularly 
conventional oxygen therapy), HFNC may be more effective in reducing 
oral intubation rates [70, 71]. However, compared with NIV, no differ-
ences in intubation rates were found [74, 75].

Regarding the predictors of HFNC success and failure, the ROX 
index, assessed at different time intervals, was the most commonly 
assessed measure. It was generally found that maintaining the ROX 
index around 5 was the best predictor of HFNC success. Recent studies, 
including two systematic reviews, have examined cut-off values for the 
ROX index at different time intervals, and determined that higher ROX 
index values were associated with greater chances of HFNC success and 
a lower risk of mortality [65, 76]. Ferrer et al [65] showed that a ROX 
index cut-off of 5.35 measured at 24 h post HFNC initiation was associ-
ated with HFNC success in COVID-19 patients, and Zucman et al [16] 
showed that a ROX index of greater than 5.37 in the first 4 h of HFNC 
was associated with a lower risk of intubation. Zhou et al [77] has shown 
that a range of ROX index values between 4.2 and 5.4, within 12 h of 
HFNC initiation, are predictive of HFNC success. In addition, in 
patients with hypoxemic respiratory failure because of pneumonia/
ARDS, a ROX index greater than 4.88 measured at 2, 6 and 12 h post 
HFNC initiation was associated with a lower risk of HFNC failure [78]. 
These findings corroborate the results of this review, with the ROX index 
being a potentially valuable tool for predicting the failure of HFNC, and 
consequently the need for orotracheal intubation in patients with respi-
ratory failure.

Younger age, female gender, lower SOFA scores and greater oxygen-
ation profile were also described as predictors of the HFNC success; 
however, the evidence is limited by the small number of studies. 
Advanced age was shown to be a predictor of HFNC failure, and this 
finding has been supported by other studies. Lee et al [79] examined the 
clinical characteristics, the risk factors for mortality and the need for 
either mechanical ventilation or HFNC in older patients hospitalized 
with COVID-19. Results showed that patients with advanced age had a 
higher risk of need for mechanical ventilation or HFNC, in addition to 
a higher mortality risk, particularly in those over 80 and with comorbid-
ities. Other studies have also shown an association between advanced 
age, especially over 70, and greater disease severity and mortality from 
COVD-19 [80, 81], speculating on a possible association between 
advanced age and oxygen therapy failure.

In the present study, we identified conflicting evidence regarding 
whether HFNC reduces ICU length of stay. The lack of consensus 
across studies prevented conclusions from being made. Nevertheless, 
there is emerging evidence, although still limited, suggesting that the 
ICU length of stay does not change regardless of the type of oxygen 
therapy utilized, whether it is HFNC, NIV or HNV. This finding was 
also supported by a prior systematic review [82], and future studies are 
strongly recommended.

The strengths of this systematic review include 1) a literature search 
in pre-selected databases through an adherence test, thus maximizing the 
chances of selecting studies relevant to the research topic; 2) the inclu-
sion of four clinical outcomes widening the understanding of the 
HFNC’s effectiveness, including a comparison among other forms of 
oxygen therapy. The present study had some limitations that must be 
acknowledged. Many of the included studies did not assess the severity 
of the hypoxemia or of COVID-19 itself. Therefore, it was not possible to 
determine the effectiveness of the HFNC in the context of COVID-19 
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severity. Depending on the severity of the hypoxemia caused by COVID-
19, it is possible that the patient’s condition will naturally worsen, lead-
ing to the need for orotracheal intubation, regardless of the type of 
oxygen therapy previously used [83].

Regarding inclusion/exclusion criteria and study selection, Chinese 
language studies were not included; therefore, it is possible that some 
studies were not included. The “grey” literature was not searched. Most 
of the studies included in this review were observational and retrospec-
tive. The low number of randomized controlled trials and the lower qual-
ity of many of the included observational studies reduce the strength of 
the evidence. Furthermore, the COVID-19 pandemic is still ongoing, 
and additional studies are likely to be published during the conduction 
of this systematic review.

Future randomized controlled trials are strongly recommended. 
Studies should consider the role of comorbidities and COVID-19 dis-
ease severity when seeking to determine the effectiveness of HFNC.

CONCLUSION
The use of HFNC in patients with respiratory failure because of COVID-
19 may provide an effective approach to reducing the rate of orotracheal 
intubation, notably when compared to the use of conventional oxygen 
therapy, but not to NIV. Further studies that include consideration of 
the severity of COVID-19 disease and patient co-morbidities on HFNC 
ability to reduce intubation are warranted. Among predictors of HFNC 
success and failure, the ROX index was the parameter most examined. 
Current evidence does not support the determination of HFNC’s ability 
to reduce ICU length of stay or mortality.
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