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  Original Article  

Oxygen therapy is a mainstay supportive 
treatment in patients with acute hypoxemic respiratory 
failure. Oxygen-delivery systems can be broadly 
categorized as low-flow and high-flow systems(1). 

Conventional low-flow oxygen therapy via a simple 
nasal cannula or an oxygen mask, with or without 
reservoir bag, is commonly used as an important 
component of the initial management of patients with 
hypoxemia. However, these devices can provide a 
maximum flow rate of only 10 to 15 liters per minute 
(L/minute), which might be insufficient to meet the 
demand of patient with acute hypoxemic respiratory 
failure and increase work of breathing. In addition, 
the fraction of inspired oxygen (FiO₂) may become 
variable due to the dilution of oxygen from room air 
entrainment(2).

Oxygen therapy via a high-flow nasal cannula 
(HFNC) is a high-flow oxygen-delivery system that 
can deliver a heated and humidified air-oxygen gas 
mixture with a maximum flow rate of up to 60 L/
minute via a large-bore nasal cannula. The FiO₂ can 
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Conclusion: The use of HFNC in general medical wards is feasible, but a 25% rate of failure within 48 hours can be expected. A higher respiratory 
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be adjusted from 21% to 100%(3). HFNC offers several 
physiological and clinical benefits in critically ill 
patients with acute hypoxemic respiratory failure from 
various etiologies in the intensive care unit (ICU)(4-7). 
HFNC has also been shown to reduce the likelihood 
of respiratory failure after extubation compared to 
conventional oxygen therapy in patients at low risk of 
extubation failure(8). Furthermore, HFNC was found 
not to be inferior to non-invasive ventilation (NIV) 
in patients at high risk of extubation failure(9), and in 
post-cardiac surgery patients(10).

HFNC is now also employed outside the 
ICU(11,12). Several studies have reported that HFNC 
is feasible and effective for improving gas exchange 
and breathing patterns in patients in the emergency 
department (ED)(13-15); however, a benefit of HFNC 
on clinical outcomes was not observed in a large 
randomized clinical trial(16). The general medical 
ward is another setting where oxygen delivery by 
HFNC is increasingly being used, especially in 
low- and middle-income settings. In the present 
study hospital, many patients with acute hypoxemic 
respiratory failure have been treated with HFNC in 
the general medical wards due to shortage of ICU 
beds during their admission. However, data specific 
to the effectiveness of HFNC in a general medical 
ward setting are scarce.

Objective
The aim of the present study was to describe 

the clinical outcomes and safety of patients with 
acute respiratory failure treated with HFNC in the 
general medical wards of Siriraj Hospital, Bangkok, 
Thailand, the largest national tertiary referral center, 
and to identify the factors associated with the failure 
of HFNC.

Materials and Methods
Study design and subjects

The present research involved a prospective 
cohort study conducted between October 2017 
and March 2018 in the general medical wards at 
the Department of Medicine, Faculty of Medicine 
Siriraj Hospital, Mahidol University, Bangkok, 
Thailand. Adult patients, over 18 years old, who were 
admitted to any of eight general medical wards and 
received HFNC for at least 24 hours were enrolled 
in the study. Due to the limitations of ICU beds in 
the authors’ hospital, patients with acute hypoxemic 
respiratory failure and patients after extubation, 
who had stable hemodynamics, normal level of 
consciousness, and no need for renal replacement 

therapy, were considered for admission to the general 
medical wards, with the actual location determined 
by the hospital bed manager. The types, settings, and 
indications of oxygen therapy were considered by 
the attending physician. Each ward had a capacity 
of 20 beds located in one large room, where all the 
patients were visible from the nursing station, with a 
nurse-to-patient ratio of 1:4 during the day shift and 
1:6 during the night shift. Patients were taken care of 
and continuously monitored by a multidisciplinary 
team, including internal medicine physicians, which 
were one attending staff, one 3rd-year resident, and 
two 1st-year residents, and nurses trained in and 
familiar with the HFNC device. The present study 
was conducted in accordance with the Declaration 
of Helsinki and approved by the Siriraj Institutional 
Review Board (certificate of approval #Si 525/2017). 
Written informed consent to participate was obtained 
from each subject or their relatives.

Device description
The HFNC device (Airvo-2™; Fisher & Paykel 

Healthcare, Auckland, New Zealand) consists of 
a flow generator up to 60 L/minute, an air-oxygen 
blender that can adjust the FiO₂ from 21% to 100%, 
and an auto-fill MR 290 heated chamber. The air-
oxygen mixture was delivered at 34℃ to 37℃ via 
a single-limb heated breathing circuit to the subject 
via an Optiflow™ nasal cannula (Fisher & Paykel, 
Auckland, New Zealand). The settings of the HFNC, 
including temperature, flow rate, and FiO₂, are 
clinically adjusted and modified by the attending 
physician based on the status of each subject.

Data collection
The patients’ baseline demographic and clinical 

data, including age, gender, comorbidity, Acute 
Physiology and Chronic Health Evaluation (APACHE) 
II and Sequential Organ Failure Assessment (SOFA) 
scores (using the worst variable within 24 hours 
before the initiation of HFNC), cause of hospital 
admission, and indication for HFNC use, were 
collected and recorded. The other data collected 
included the duration of HFNC use, the daily recorded 
setting of the HFNC device, the patient’s vital signs, 
oxygen saturation by pulse oximetry (SpO₂), and the 
ROX index (defined as the ratio of SpO₂/FiO₂ to the 
respiratory rate)(17) at 9:00 a.m. during the first three 
days of HFNC use. 

Outcomes
The primary outcome was determining the rate 
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of HFNC failure, which was defined as a subsequent 
requirement for endotracheal intubation, NIV, 
reintubation, or death within 48 hours of HFNC use. 
The secondary outcomes were in-hospital mortality 
and 28-day mortality. The authors categorized the 
study subjects into three groups according to the 
indication for HFNC as 1) subjects with acute de novo 
hypoxemic respiratory failure admitted directly to the 
ward, 2) post-extubation prophylaxis for extubation 
failure, and 3) subjects with cardiogenic pulmonary 
edema. The authors performed analyses to evaluate 
the outcomes of the HFNC in each category, and 
analyzed the factors independently associated with 
HFNC failure.

Statistical analysis
Normally distributed variables were expressed 

herein as the mean ± standard deviation and analyzed 
by independent t-test. Non-normally distributed 
variables were expressed as median [interquartile 
range] and analyzed by Mann-Whitney U test. 
Normality of the data distribution was tested by 
Kolmogorov-Smirnov test. Categorical variables were 
presented as frequency and percentage and analyzed 
by chi-square test. Univariate and multivariate 
backward stepwise logistic regression analyses were 
used to identify the factors significantly associated 
with HFNC failure, and those results were shown as 
odds ratio and 95% confidence interval. Data were 
analyzed using PASW Statistics, version 18.0 (SPSS 
Inc., Chicago, IL, USA). A p-value of less than 0.05 
was considered statistically significant.

Results
Seventy-one subjects were enrolled in the present 

study. The mean age of the subjects was 71±15 years 
old, 46.5% of them were male, and the mean APACHE 
II and SOFA scores were 17±6 and 6±3, respectively. 
The other baseline characteristics and physiologic 
variables before HFNC use are presented in Table 1.

Pneumonia was the leading cause of hospital 
admission (53.5%), followed by extra-pulmonary 
infection (14.1%), and congestive heart failure 
(12.7%). The types of oxygen therapy before initiating 
HFNC were a simple oxygen cannula (38.0%), 
invasive mechanical ventilation (38.0%), oxygen 
mask with a reservoir bag (22.5%), and NIV (1.5%) 
(Table 1).

HFNC use
On day 1, the median [interquartile range] flow 

rate, FiO₂, and temperature were 40 [40 to 50] L/

minute, 0.40 [0.40 to 0.40], and 34 [34 to 34] ℃, 
respectively. The mean duration of HFNC use in the 
present study was 61 [25 to 109] hours.

According to the pre-specified HFNC subgroups, 
42.3% of subjects had acute de novo hypoxemic 
respiratory failure with most of these were pneumonia, 
38.0% post-extubation prophylaxis, and 19.7% 
cardiogenic pulmonary edema.

Clinical outcomes
The overall rate of HFNC failure within 48 hours 

was 25.4%. Among the 18 subjects who failed HFNC, 
increased work of breathing and worsening hypoxemia 
were the reasons described for the failure of HFNC 
(94.4%), whereas the development of hypercapnia 
presented in only 5.6% of subjects who failed HFNC. 

Table 1. Baseline demographic and clinical characteristics of 
subjects treated with high-flow nasal cannula

Variables n=71; n (%)

Age (years); mean±SD 71±15

Sex: male 33 (46.5)

Body mass index (kg/m²); mean±SD 24.8±6.4

Comorbidity

Hypertension 48 (67.6)

Cardiovascular disease 31 (43.7)

Diabetes 29 (40.8)

Chronic kidney disease 23 (32.4)

Neurological disease 15 (21.1)

Malignancy 11 (15.5)

Hematologic disease 11 (15.5)

Chronic respiratory disease 10 (14.1)

Receiving immunosuppressive drugs 9 (12.7)

APACHE II score; mean±SD 17±6

SOFA score; mean±SD 6±3

Diagnosis on admission

Pneumonia 38 (53.5)

Extrapulmonary infection 10 (14.1)

Congestive heart failure 9 (12.7)

Malignancy 4 (5.6)

Others 10 (14.1)

Type of oxygen therapy before HFNC use

Low-flow nasal cannula 27 (38.0)

Invasive mechanical ventilation 27 (38.0)

Oxygen mask with reservoir 16 (22.5)

Non-invasive ventilation 1 (1.5)

APACHE II=Acute Physiologic and Chronic Health Evaluation II; HFNC= 
high-flow nasal cannula; SD=standard deviation; SOFA=Sequential Organ 
Failure Assessment; SpO₂=oxygen saturation by pulse oximetry
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The in-hospital and 28-day mortality rates were 14.1% 
and 21.1%, respectively. Subjects who failed HFNC 
had a significantly higher respiratory rate and heart 
rate at day 1 compared to subjects with HFNC success. 
Other variables comparing between the subjects with 
HFNC success and failure are shown in Table 2.

According to the indication for HFNC use, 
the rates of HFNC failure in subjects with acute de 
novo hypoxemic respiratory failure, post-extubation 
prophylaxis, and cardiogenic pulmonary edema were 
40.0%, 18.5%, and 7.1%, respectively (Figure 1). 
The other clinical outcomes and type of respiratory 
support after failure of HFNC are shown in Table 3.

Overall adverse events of HFNC in the present 
study occurred in 7.0% of cases. All those events were 
minor, including an uncomfortably warm temperature 
and excessive noise.

Factors associated with the failure of HFNC
Overall, 18 subjects failed HFNC and needed 

the escalation of respiratory support to NIV or 

endotracheal intubation. No serious adverse events, 
such as catastrophic intubation or sudden cardiac 
arrest, occurred in subjects who failed HFNC. In-
hospital mortality between HFNC success and failure 
was 3.8% versus 44.4%, respectively (p<0.001).

The authors compared the subjects with early 

Table 2. Comparison of the demographic, anthropometric, and clinical variables between subjects with high-flow nasal cannula 
success and failure

Variables HFNC success (n=53); mean±SD HFNC failure (n=18); mean±SD p-value

Age (years) 71±15 71±17 0.949

Body mass index (kg/m²) 24.6±6.7 25.3±5.5 0.713

APACHE II score 17±6 19±7 0.098

SOFA score 6±3 6±2 0.548

Baseline clinical parameters

MAP (mmHg) 88±14 93±11 0.152

RR (breaths/minute) 27±4 29±5 0.113

HR (beats/minute) 105±16 113±15 0.055

SpO₂ (%) 96±2 95±3 0.016

HFNC settings on day 1; median [IQR]

Flow rate (L/minute) 40 [40 to 50] 40 [40 to 50] 0.598

FiO₂ 0.40 [0.40 to 0.45] 0.40 [0.40 to 0.40] 0.159

Temperature (℃) 34 [34 to 34] 34 [34 to 34] 0.737

Clinical parameters on day 1 of HFNC

RR (breaths/minute) 23±4 26±4 0.002

SpO₂ (%) 96±4 95±3 0.183

ROX index 10.45±2.31 9.86±3.20 0.402

MAP (mmHg) 89±13 88±15 0.691

HR (beats/minute) 94±19 107±20 0.016

Duration of HFNC use (hours); median [IQR] 70 [35 to 112] 37 [4 to 42] 0.001

APACHE II=Acute Physiologic and Chronic Health Evaluation II; FiO₂=fraction of inspired oxygen fraction; HFNC=high-flow nasal cannula; HR=heart rate; 
IQR=interquartile range; MAP=mean arterial blood pressure; RR=respiratory rate; SD=standard deviation; SOFA=Sequential Organ Failure Assessment; 
SpO₂=oxygen saturation by pulse oximetry

A p-value of less than 0.05 was considered statistically significant

Figure 1. Rate of failure according to the indications for high-
flow nasal cannula (HFNC) use.
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or 48 hours or less, and late HFNC failure or more 
than 48 hours, and found no significant difference in 
in-hospital mortality between the two groups (40.0% 
versus 66.7%, respectively, p=0.396). The authors 
searched for factors associated with the failure of 
HFNC using logistic regression analysis. Multivariate 
analysis showed only a higher respiratory rate at day 
1 to be significantly associated with HFNC failure 
(Table 4).

Discussion
In the present prospective cohort study, the 

authors evaluated the clinical outcomes and safety 
of HFNC use in 71 subjects admitted to the general 
medical wards at Siriraj Hospital. The primary 
outcome demonstrated that the rate of HFNC failure 
within 48 hours was 25.4%, and the secondary 
outcomes showed in-hospital and 28-day mortality 
rates of 14.1% and 21.1%, respectively. The authors 
also classified subjects who received HFNC into three 

groups, namely acute de novo hypoxemic respiratory 
failure from various etiologies, post-extubation 
prophylaxis for extubation failure, and subjects with 
cardiogenic pulmonary edema, and found the highest 
rate of HFNC failure and in-hospital mortality in the 
subjects with acute de novo hypoxemic respiratory 
failure.

High-flow oxygen therapy has been extensively 
investigated in critically ill patients in the ICU. Several 
physiological and clinical studies have reported 
that HFNC significantly reduced the respiratory 
rate, improved oxygenation, and reduced the work 
of breathing compared to conventional oxygen 
therapy in patients with acute hypoxemic respiratory 
failure(4,6,18,19). The physiological benefits of HFNC 
can be explained by mechanisms that include the 
generation of positive end-expiratory pressure(20-22), 
alteration of nasopharyngeal resistance(23), washing 
out of the airway dead space(24), and the effect of heat 
and humidification to relieve dryness and to preserve 
airway mucosal function(25,26). HFNC has been 
evaluated in several large, randomized control studies 
in subjects with acute respiratory failure who received 
HFNC for various indications. A study by Frat et al(27) 
comparing HFNC, conventional oxygen therapy, and 
NIV in subjects with acute hypoxemic respiratory 
failure found that the overall intubation rate did not 
significantly differ among the three groups, however, 
subjects who had moderate-to-severe hypoxemia had 
a significantly lower rate of endotracheal intubation 
compared to in conventional oxygen therapy and 
NIV. Furthermore, subjects treated with HFNC had a 
significant lower mortality rate at 90 days compared 
to the other two groups. A large, randomized study 
by Stephan et al(10) reported that HFNC did not 
significantly differ from NIV in subjects with acute 

Table 3. Clinical outcomes of high-flow nasal cannula use in general medical wards

Acute de novo hypoxemic respiratory 
failure (n=30); n (%)

Post-extubation prophylaxis 
(n=27); n (%)

Cardiogenic pulmonary edema 
(n=14); n (%)

Rate of HFNC failure within 48 hours 12 (40.0) 5 (18.5) 1 (7.1)

Duration of HFNC use (hours); median [IQR] 42 [15 to 97] 69 [37 to 109] 88 [25 to 148]

Type of respiratory support after HFNC failure

Endotracheal intubation 11 (91.7) 4 (80.0) 1 (100.0)

Non-invasive ventilation 1 (8.3) 1 (20.0) 0 (0.0)

Length of hospital stay (days); median [IQR] 18 [11 to 28] 26 [11 to 35] 17 [13 to 27]

In-hospital mortality 6 (20.0) 3 (11.1) 1 (7.1)

28-day mortality 9 (30.0) 3 (11.1) 3 (21.4)

Adverse event 1 (3.3) 2 (7.4) 2 (14.3)

HFNC=high-flow nasal cannula; IQR=interquartile range

Table 4. Univariate and multivariate logistic regression analyses 
for factors independently associated with the failure of HFNC

Univariate analysis Multivariate analysis

OR 95% CI p-value OR 95% CI p-value

APACHE II 1.05 0.93 to 1.17 0.437

Baseline HR 1.02 0.97 to 1.07 0.397

Baseline SpO₂ 0.92 0.70 to 1.19 0.509

HFNC indication 1.22 0.30 to 4.91 0.783

RR at day 1 1.17 0.98 to 1.40 0.077 1.26 1.07 to 1.50 0.007

HR at day 1 1.01 0.97 to 1.05 0.578

SpO₂ at day 1 0.96 0.82 to 1.13 0.617

APACHE II=Acute Physiologic and Chronic Health Evaluation II; CI=confi-
dence interval; HFNC=high-flow nasal cannula; HR=heart rate; OR=odds 
ratio; RR=respiratory rate; SpO₂=oxygen saturation by pulse oximetry
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respiratory failure after cardiothoracic surgery in 
terms of both treatment failure and ICU mortality. 
HFNC has also been evaluated for its ability to prevent 
respiratory failure after endotracheal extubation. A 
randomized study by Maggiore et al(28) found better 
comfort, less cases of oxygen desaturation, and a 
lower intubation rate in subjects who were treated 
with HFNC compared to the Venturi mask. Two other 
large randomized clinical trials demonstrated that 
HFNC reduced the risk of reintubation within 72 hours 
compared to conventional oxygen therapy in subjects 
at low risk of needing intubation(8), and that HFNC 
was not inferior to NIV for preventing post-extubation 
respiratory failure and reintubation in subjects at high 
risk of needing intubation(9).

HFNC is now being increasingly used in settings 
outside of the ICU, such as in the ED(29). Many studies 
conducted in the ED have found HFNC to be feasible 
for use in patients with acute hypoxemic respiratory 
failure, but the effect of HFNC on patients’ outcomes, 
such as the rate of intubation and hospitalization, is 
still questionable(13-16,30). The general medical ward 
is another setting where HFNC is being increasingly 
used, especially in patients receiving palliative 
care(31-33). However, there is little data to support 
its safety and efficacy in this setting, in particular 
in patients without a “do-not-resuscitate” order. 
Moreover, there is a risk using HFNC in general 
medical wards, with less monitoring than in the 
ICU as it may delay the escalation of respiratory 
support or intubation in patients who fail HFNC. A 
study by Pirret et al(34) evaluated the use of HFNC 
in 67 adult subjects with respiratory failure or at 
risk of respiratory deterioration admitted in the 
general medical ward and found improved oxygen 
saturation and lowered respiratory rate and heart 
rate in patients after HFNC had been applied for 
20 minutes. The overall mortality rate at hospital 
discharge was 10.4%(34). However, the included 
subjects in that study were less sick as determined 
by the SOFA score compared to the present study. 
A recent short-term observational study by Zemach 
et al(35) demonstrated that implementing HFNC for 
30 minutes in 111 subjects with acute hypoxemic 
respiratory failure treated outside the ICU, including 
in intermediate care units, and general medical, 
geriatric, and hemato-oncology wards, significantly 
improved the level of dyspnea, breathing pattern, 
and oxygenation. However, the overall mortality 
rate in that study was 50%, and the mortality rate 
remained high after excluding subjects with a “do-
not-resuscitate” order (30%).

To the best of the authors knowledge, the 
present study is the first study to evaluate the long-
term outcomes of HFNC use in patients with acute 
hypoxemic respiratory failure from various conditions 
admitted to a general medical ward in the context of a 
low- to middle-income country with limited resources. 
Many patients developed acute hypoxemic respiratory 
failure in the authors’ department had to be managed in 
general medical wards due to the limited availability 
of ICU beds during their admission. The mortality 
rate at hospital discharge was lower in the present 
study than in a previous study(35). Furthermore, the 
HFNC failure and mortality rates in the present study 
were similar to those from other studies conducted in 
ICUs with similar patient severity(9,10,27). Interestingly, 
subjects who experienced HFNC success had almost 
zero mortality, while subjects who failed HFNC had 
a high mortality rate, but comparable to patients with 
acute respiratory distress syndrome who failed NIV in 
the LUNG SAFE study(36). The authors found a trend 
toward an increase in mortality in subjects with late 
HFNC failure of more than 48 hours. The present 
study finding was similar to a previous retrospective 
study demonstrating a worse outcome in subjects with 
delayed intubation after the failure of HFNC(37). The 
authors believe that an appropriate training program 
to comprehensively familiarize all attending staff, 
residents, nurses, and respiratory therapists with 
the HFNC device should be mandatory before the 
adoption and implementation of an HFNC system. 
In addition, appropriate monitoring during HFNC 
use is important and the escalation of respiratory 
support should not be delayed in patients with clinical 
deterioration.

The present study logistic regression analyses 
revealed that only a higher respiratory rate at day 1 
was significantly associated with the failure of HFNC. 
However, the number of subjects who failed HFNC in 
the present study was small. Another study with larger 
sample size is needed to confirm the results. Another 
index, the so-called ROX index, which is the ratio of 
SpO₂/FiO₂ to the respiratory rate, has been previously 
evaluated for its ability to identify intubation risk 
among patients with acute hypoxemic respiratory 
failure who were known to be at risk for intubation(38). 
A study by Roca et al(17) reported that a ROX index of 
4.88 or higher at 2, 6, and 12 hours after the initiation 
of HFNC was significantly associated with a lower 
risk of intubation. In the present study, the authors 
did not find that the ROX index was associated with 
HFNC failure, but the authors did not collect all the 
required ROX index-related data at those same time 
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points as in the previous study(17).

Limitation
The present study has some important limitations 

to note. First, the study was a single-center study, and 
it was not a randomized controlled trial. Second, the 
study was conducted in a single university hospital, 
and the physicians, nurses, and respiratory therapists 
were well-trained in and familiar with the use of the 
HFNC device. Third, different management strategies 
will potentially influence the results. In addition, 
the nurse-to-patient ratio was still compatible with 
minimal monitoring, especially because there were 
no single room, and the patients were all together. 
Therefore, the subjects were always ‘visible’ to the 
nurses. This suggests that the present study findings 
might not be generalizable to all healthcare settings 
and patient populations. Further well-designed studies 
are needed to demonstrate the benefits of the use of 
HFNC outside the ICU.

Conclusion
The use of HFNC in subjects with acute 

respiratory failure in general medical wards is feasible. 
A higher respiratory rate at day 1 is associated with a 
higher risk of failure of HFNC. Appropriate patient 
selection and monitoring are needed to the success 
of HFNC.

What is already known on this topic?
Oxygen therapy via a HFNC has been 

demonstrated to provide several physiological and 
clinical benefits in critically ill patients with acute 
hypoxemic respiratory failure in the ICU. Now, it is 
increasingly being used outside the ICU, however, 
the knowledge of safety and effectiveness of HFNC 
in such places are scarce.

What does this study add?
Treatment with HFNC in patients with acute 

hypoxemic respiratory failure and in high-risk patients 
after extubation in general medical wards is feasible. 
Appropriate monitoring during HFNC use is needed 
to prevent the failure of HFNC. Early detection 
and the prompt escalation of respiratory support 
in patients with failure of HFNC may improve the 
clinical outcome.
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