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Take-home message: this is the most extensive study published to date describing high-flow nasal cannula use in the post-COVID-19 pandemic era. It provides an updated snapshot 
of how high-flow nasal cannula is used in current practice, as context for future work. It identifies several areas in need of further in-depth study.

INTRODUCTION

Over the last two decades, high-flow nasal cannula (HFNC) has emerged as an important treatment for respiratory 
failure.(1-4) Physiologic studies show that HFNC provides a consistent, high fraction of inspired oxygen and some modest 
positive pressure, reduces ventilatory dead space, and favorably influences lung mechanics.(5-9) Randomized clinical trials 
comparing HFNC to other modalities have shown mixed results, but have suggested improvement in clinical outcomes 
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Objective: To characterize real-world high-flow nasal 
cannula use and outcomes.

Methods: A retrospective observational study using an 
electronic health record registry of all adult patients in a 
five-hospital system between 2017 - 2025. We identified 
all high-flow nasal cannula episodes, defined as periods of 
high-flow nasal cannula use containing breaks no longer 
than 6 hours. We describe key measurements, including 
high-flow nasal cannula episode duration, intubation rates, 
and death or hospice discharge rates; secondary outcomes 
included intensive care unit admission, lengths of stay, and 
discharge location. We used adjusted hierarchical logistic 
regression to evaluate variation across hospitals.

Results: 28,269 high-flow nasal cannula episodes from 
17,519 individual patients over 19,313 hospitalizations 
were identified. Average high-flow nasal cannula use 
increased from 176 episodes/month in 2017 to 269 

episodes/month by 2024 (p < 0.001). Median episode 
duration was 13.9 [interquartile range 4.3 - 36] hours, 
24.5% of episodes were followed by intubation, and 29.3% 
by death or hospice discharge; 83.6% of high-flow nasal 
cannula use was escalation respiratory therapy, with the 
remainder used within 24 hours of extubation. Illness 
severity, admitting service, hospital, and unit type were 
associated with the odds of intubation and the duration 
of high-flow nasal cannula episodes; 16% of the variation 
in mortality and 20% of the variation in intubation were 
attributable to hospital-level variation.

Conclusion: High-flow nasal cannula is used in multiple 
hospital settings and contexts. The use of high-flow 
nasal cannula has increased between 2017 and 2025. 
Outcomes of high-flow nasal cannula use are influenced 
by both patient characteristics and the contexts in which it  
is used. 
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in patients with acute hypoxemic respiratory failure 
(AHRF) and after extubation.(10-15) Practice guidelines now 
encourage the use of HFNC, and it has been incorporated 
in the updated global definition of acute respiratory distress 
syndrome.(16-18) Compared to other advanced respiratory 
support devices, HFNC is perceived as easier to initiate 
and requires less sedation.(19-21)

Despite growing enthusiasm for HFNC, generalizable 
data on real-world use and outcomes in the last decade of 
clinical practice are limited.(22-24) This is important because, 
while clinical trials provide a basis for understanding 
HFNC use in select patient populations, trial participants 
often differ meaningfully from non-participants in 
terms of demographics and illness severity.(25) Hence, 
complementary strategies are needed to measure which 
patients are being treated with HFNC and their outcomes, 
among the general adult inpatient population. 

In this study, we utilized an electronic health record 
(EHR) registry of 17,519 adult patients treated with 
HFNC in a multi-hospital system over the last 8 years to 
fill this knowledge gap. Our objective was to characterize 
real-world HFNC use and outcomes.(26-28) These data 
can help place existing trials in context and support the 
development of future trials.  

METHODS 

Study design

The Johns Hopkins Institutional Review Board 
approved this protocol with an informed consent waiver 
(IRB00391128). We included all patients aged 18 years or 
older who started HFNC for any reason between July 1st, 
2017, and March 1st, 2025, at two academic centers and 
three community hospitals comprising a hospital system 
in the United States. 

An HFNC episode was any period during which a 
patient was documented as receiving HFNC. When a 
patient had an interruption in HFNC use lasting ≤6 
hours, we considered the periods of HFNC use preceding 
and following the interruption as continuous, and treated 
them as a single HFNC episode; otherwise, we considered 
them as two distinct HFNC episodes. The 6-hour gap 
allowed for patients alternating between different forms of 
non-invasive respiratory support, and is concordant with 
recent trial work allowing 6 hours of non-invasive positive 
pressure ventilation (NIPPV) prior to randomization.(11)

We categorized HFNC episodes as “post-extubation” 
if HFNC was initiated within 24 hours after extubation, 
with the remainder characterized as “escalation” therapy. 

For the primary clinical outcome, we assessed a 
composite of in-hospital mortality or hospice discharge. 
As covariates, we extracted relevant patient, illness, and 
hospitalization characteristics (details in Section 1S - 
Supplementary Material). ROX Index for Intubation, a risk 
index for progressing to intubation for patients on HFNC, 
was calculated based on the closest available respiratory 
rate and fraction of inspired oxygen (FiO2) after HFNC 
initiation, with ≥ 5 categorized as “low risk” and < 5 as 
“high risk”.(29,30) Respiratory failure was labeled as having 
a component of hypercapnia if associated with an arterial 
blood gas of pH of < 7.35 and a partial pressure of arterial 
carbon dioxide (PaCO2) > 45 drawn in the 24 hours prior 
to or 2 hours after HFNC initiation.(11,14) Hospitalization 
characteristics included admitting hospital, unit type where 
HFNC was initiated, and clinical service. Hospital units 
with multiple bed types (i.e., intermediate care and ward 
beds) were categorized by the highest level of care provided. 

We removed HFNC episodes with implausible or 
missing values for key covariates and restricted our cohort 
to the first five HFNC episodes within a hospitalization 
(Figure 1S - Supplementary Material). 

This report conforms to the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) guidelines.(31) Analyses were performed with 
R version 4.4.2 (R Foundation for Statistical Computing, 
Vienna, Austria). Analytic code is available on GitHub 
(https://github.com/dbouhas1/CCS_HFNCManuscript). 

Statistical analysis 

Our primary analyses focused on the whole cohort 
and a stratified analysis considered HFNC as escalation 
therapy versus post-extubation. For all exploratory 
models, standard errors were calculated accounting for 
clustering at the patient-level and we adjusted for pre-
specified confounders: patient age, sex, race, ethnicity, 
Elixhauser comorbidity weighted mortality index, number 
of Elixhauser comorbidities, Sequential Organ Failure 
Assessment (SOFA) score the day of admission and day 
of HFNC initiation, ROX Index for Intubation (ROX) at 
HFNC initiation, coronavirus disease 2019 (COVID-19) 
status, admitting hospital type, clinical service, initiating 
unit type, and admission month. 

Descriptive statistics of demographics, physiologic, 
and institutional variables are presented. To evaluate for 
changes in HFNC use before and after the COVID-19 
pandemic, we compared the average monthly number 
of HFNC episodes, number of post-extubation HFNC 
episodes, proportion of HFNC episodes ending in death 
or intubation, and average HFNC episode duration in July 
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- December 2017 versus July - December 2024, adjusting 
for monthly average patient age, Elixhauser comorbidity 
weighted mortality index, SOFA at HFNC initiation, and 
ROX at HFNC initiation. 

A Sankey diagram was created to visualize the relative 
proportions of episodes across outcomes. We calculated 
and plotted the relative proportions of HFNC outcomes 
at 12-hour intervals over the first 96 hours after HFNC 
initiation. Using multivariable linear regression, we assessed 
factors associated with the duration of HFNC episodes 
in the overall cohort. Coefficients were interpreted as the 
average increase in duration in hours. 

When analyzing intubation after HFNC, we considered 
episodes in which code status at HFNC initiation 
permitted intubation. We examined factors associated 
with the odds of intubation using multivariable logistic 
regression and those associated with the duration of HFNC 
episodes prior to intubation using multivariable linear 
regression. We further examined the a priori unknowable 
subset of episodes ending in intubation within 48 hours 
of HFNC episode end time; here, we excluded HFNC 
episodes initiated within 1 hour of mechanical ventilation 
start time and in which mechanical ventilation start time 
was followed by death within 1 hour.

To assess the impact of hospital effects relative to 
patient and illness characteristics, we fit multivariable 
mixed-effects logistic regression models for mortality and 
intubation, with a random-effects term for hospital. We 
calculated the predicted intubation and death rate across 
hospitals for a patient with average characteristics using 
parametric bootstrapping to obtain 95% confidence 
intervals (95%CIs).

RESULTS

We identified 28,269 HFNC episodes from 17,519 
individual patients over 19,313 hospitalizations. Median 
patient age was 67.5 [56.1 - 77.3] years (Table 1); 9,520 
(54%) were male; 10,624 (61%) identified as white, 4,766 

Continue...

Table 1 - Characteristics of patients and high-flow nasal cannula episodes

Patient characteristics (n = 17,519)

Age 67.5 [56.1 - 77.3]

Male 9,520 (54)

Race

Asian 817 (5)

Black or African American 4,766 (27)

...continuation

Continue...

White 10,624 (61)

Other 1,206 (7)

Unknown 106 (1)

Ethnicity

Hispanic 768 (4)

Non-Hispanic 15,417 (88)

Unknown 1,334 (8)

Preferred language

English 16,447 (94)

Spanish 485 (3)

Other < 100 speakers 581 (3)

ECI number of comorbidities 8 [5 - 11]

ECI (Weighted Mortality Index) 23 [6 - 41]

Comorbidities

Chronic lung disease 6,885 (39)

Congestive heart failure 7,665 (44)

Diabetes (complicated) 5,891 (34)

Renal failure (moderate or greater) 7565 (44)

HFNC episode characteristics (n = 28,269)

Hospital

A 13,035 (46)

B 4,371 (15)

C 4,685 (17)

D 1,899 (7)

E 4,279 (15)

Episode number

1 19,205 (68)

2 5,313 (19)

3 2,160 (8)

4 1,040 (4)

5 551 (2)

Day of SOFA 4 (3, 7)

ROX Index for Intubation at initiation 

High risk 5,268 (25)

Low risk 16,168 (75 )

PaO2 at episode start 80 [64 - 108]

COVID positive 3,684 (13)

Preceding code status

CPR - full code 20,481 (72)
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(27%) as black, and 768 (4%) as Hispanic. The patients 
had a median of 8 [5 - 11] Elixhauser comorbidities. Of 
17,519 patients, n = 5,094 (29%) had more than one 
episode of HFNC.

High-flow nasal cannula initiation

19,277 (68%) episodes were started on a unit with 
intensive care unit (ICU) capacity, 3,645 (13%) in an 
emergency department (ED), 641 (2%) in an intermediate 
care unit (IMC), and 501 (2%) in a procedural or labor & 
delivery (L&D) suite; 4,205 (15%) began outside of critical 
care spaces on the wards. Most HFNC episodes occurred 
in patients cared for by a medical service, with surgical 
services accounting for 5,076 (18%) episodes. 

Most HFNC use was escalation therapy, with only 
4,633 (16%) episodes occurring within 24 hours of 
extubation. Post-extubation HFNC use was less common 
in medical patients than in surgical patients (17% versus 
27%; p < 0.001). Of escalation episodes, the prior mode 
of support was a low-flow nasal cannula (10,537; 45%), a 
face mask (6,025; 25%), or NIPPV (4,732; 20%). 

Overall, median time from admission to first HFNC use 
was 3.34 [0.88 - 8.51] days. Patient code status documented 
prior to HFNC initiation explicitly precluded intubation in 
3,591 (13%) episodes. ROX at HFNC initiation suggested a 
high risk of HFNC failure in 5,268 (25%) episodes and a low 
risk in 16,168 (75%) episodes. Of the 11,670 (41%) episodes 
associated with an arterial blood gas, the median partial pressure 
of arterial oxygen (PaO2) was 80 [64 - 108], median PaCO2 
was 40 [34 - 46], and 1,345 (13%) suggested hypercapnic 
respiratory failure (nearly all with concomitant hypoxemia). 
Median PaO2/FiO2 (P/F) ratio was 148 [100 - 226]  
among those with a qualifying arterial blood gas; among the 
remainder, median peripheral oxygen saturation (SpO2)/FiO2 
ratio was 157 [118 - 192]. 

Examining trends over time, monthly HFNC episodes 
increased from 175.7 episodes/month, including 25.5 
episodes/month after extubation, in early 2017 to 268.7 
episodes/month overall and 62.0 episodes/month after 
extubation by late 2024 (p < 0.001, respectively) (Figure 1). 

High-flow nasal cannula duration

Overall, HFNC was used for a median duration of 13.9 
[4.33 - 36.0] hours. The distribution was right-skewed, 
with 75% of episodes lasting 36.0 hours or less, and the 
top 10% lasting 75.3 hours or more. Median duration 
of HFNC in escalation episodes was significantly shorter 
than in post-extubation episodes (13.0 [4.08 - 36.1] versus  
17.5 [6.07 - 35.0] hours (p < 0.001)).  

The duration of the HFNC episode was significantly 
associated with several patient, illness, and hospitalization 
characteristics. Factors which were associated with at least 
6 additional hours of HFNC were: COVID-19 positive 
status (12.1 hours longer; 95%CI 10.0 - 14.1 hours), 
being located on the wards (9.6 hours; 95%CI 7.2 - 12.0 
hours) or IMC (8.3 hours, 95%CI: 3.8 - 12.8 hours) at 
time of initiation. Full regression results are in table 1S 
(Supplementary Material). The mean duration of HFNC 
episodes did not change between 2017 and 2024.

...continuation

No CPR - do NOT intubate 3,240 (11)

No CPR - intubate 678 (2)

No CPR - palliative and supportive care 351 (1)

None listed 3,505 (12)

Most recent prior respiratory support

Face mask 6,536 (23)

Mechanical ventilation 2,783 (10)

Low-flow nasal cannula 11,598 (41)

NIPPV 5,172 (18)

No documented support 723 (3)

Room air 1,454 (5)

Less than 24 hours after extubation 4,395 (20)

Location Initiated 

Emergency Department 3,645 (13)

Intensive care unit 19,277 (68)

Intermediate care unit 641 (2)

Procedural/labor & delivery suite 501 (2)

Ward 4,205 (15)

Responsible service 

Medical 19,435 (69)

Surgical 5,076 (18)

Other 3,758 (13)

ECI - Elixhauser Comorbidity Index; HFNC - high flow nasal cannula; SOFA - Sequential 
Organ Failure Assessment; PaO2 - arterial partial pressure of oxygen; CPR - cardiopulmonary 
resuscitation; NIPPV - non-invasive positive pressure ventilation.  High-flow nasal cannula 
episodes are defined as continuous periods during which a patient is documented as 
receiving high-flow nasal cannula with no intervening alternate form of respiratory support 
lasting more than 2 hours. Results expressed as median (interquartile range), categorical 
variables as n (%).
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High-flow nasal cannula outcomes, including intubation

Overall, out of all 28,269 HFNC episodes, 6,916 
(24%) were followed by intubation during the same 
hospitalization. 8,275 (29%) of all episodes occurred 
during a hospitalization ending in death or hospice 

discharge (Figure 2, Table 2S [Supplementary Material]). 
Of the 23,636 escalation episodes, 5,237 (22%) were 
followed by intubation during the same hospitalization, 
and 7,318 (31%) were during hospitalizations ending in 
death or hospice discharge (Table 2). 

Figure 2 - Sankey diagram illustrating the proportion of high flow nasal cannula episodes that were preceded by extubation in the prior  
24 hours (left column), the proportion that were followed by intubation within 48 hours (central column), and the proportion that were followed 
by recovery or death (right column).

Sankey diagram of HFNC episode trajectories

HFNC - high flow nasal cannula.
Figure 1 - Trends in overall monthly high flow nasal cannula episode count and monthly number of post-extubation high flow nasal cannula episodes. 

Monthly HFNC episode count overal and post-extubation
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Patients initiated on HFNC by a surgical service compared 
with a medical service were significantly more likely to be 
intubated within 48 hours (OR 1.32; 95%CI 1.18 - 1.47) 
but less likely to die (OR 0.50; 95%CI 0.44 - 0.58), even 
adjusted for patient demographics, severity of illness, code 
status, and admitting hospital type. The mean proportion 
of episodes that ended in intubation increased slightly 
over time between 2017 and 2024, from 15.0% to 20.8%  
(p = 0.008), but there were no meaningful changes in the 
proportions ending in death or hospice discharge.

Of escalation episodes that were followed by intubation, 
the median duration of HFNC prior to intubation was 10.9 
[3.80 - 29.9] hours, and the median subsequent duration 

of intubation was 5.15 [2.42 - 11.0] days. Of intubations 
70% occurred within 24 hours of HFNC, 85% within  
48 hours, and 91% within 72 hours. Escalation episodes that 
were followed by intubation were significantly more likely 
to end in death or hospice discharge compared to those not 
followed by intubation (46% versus 28%; p < 0.001). 

Approached differently, 96 hours after HFNC was 
initiated as escalation therapy for the first time, only 1,086 
(7%) were still on HFNC, 2,345 (15%) were intubated, 
2,622 (16%) had been discharged alive, 1,698 (11%) were 
dead or discharged to hospice, and 8,369 (52%) were still 
in the hospital neither intubated nor on HFNC (Figure 3). 

Table 2 - High-flow nasal cannula outcomes stratified by key populations

Escalation therapy
(n = 23,636)

Post extubation
(n = 4,633)

Followed within 48 hours by MV
(n = 3,315)

Followed by intubation* 5,237 (22) 1,679 (36) 3,315 (100)

Dead or hospice discharge 7,318 (31) 957 (21) 1,509 (46)

Treated in an ICU 19,772 (84) 4,630 (100) 3,262 (98)

Hospital LOS (days) 12.3 (7.01 - 23.2) 21.7 (12.8 - 37.4) 20.1 [10.5 - 35.2]

ICU LOS (days) 6.57 (3.33 - 12.8) 10.8 (5.88 - 18.9) 11.4 [5.98 - 20.3]

Discharge location if discharged alive

Acute inpatient rehab 1,060 (4) 541 (12) 232 (7)

Assisted living 4,099 (17) 1,024 (22) 532 (16)

Home 9,865 (42) 1,912 (41) 740 (22)

Transfer to another hospital 926 (4) 95 (2) 218 (7)

Other 343 (1) 93 (2) 86 (3)

MV - mechanical ventilation; ICU - intensive care unit; LOS - length of stay. *Followed by intubation during the same hospitalization at any point after the high flow nasal cannula episode ended. 
Continuous variables summarized as median [interquartile range], categorical variables as n (%); “Assisted Living” includes skilled nursing facilities and long-term acute care hospitals; “Other” 
includes discharge to shelter, psychiatric hospital.

HFNC - high flow nasal cannula.
Figure 3 - Stacked bar plot illustrating the relative proportions of high flow nasal cannula episodes that ended in death, ended in discharge, 
ended in invasive mechanical ventilation, ended in ongoing inpatient care off of high flow nasal cannula, or remained ongoing, measured at  
12-hour intervals between the time of high flow nasal cannula initiation and 96 hours after initiation. 

Proportion of overall episodes in each over time

Death
Discharged
Intubated
On HFNC
Post HFNC but still inpatient

state
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Factors associated with a greater odds of intubation 
within 48 hours, among those whose code status did not 
preclude intubation, included high risk ROX at HFNC 
initiation (OR 2.50; 95%CI 2.30 - 2.71), SOFA ≥ 5  
(OR 2.05; 95%CI 1.88 - 2.25), COVID-19 positive status 
(OR 1.74; 95%CI 1.56 - 1.95), Elixhauser comorbidity 

weighted mortality index > 40 (OR 1.61; 95%CI 1.47 - 
1.75), and admission to a non-medical service (1.18; 
95%CI 1.07 - 1.31) (Figure 4). Patients in a community 
hospital (compared to an academic center) or in the ED 
(compared to the ICU) were significantly less likely to  
be intubated. 

Variation in high-flow nasal cannula across hospitals

In multivariable mixed-effects logistic regression, we 
found that 83.6% of the variation in mortality and 80.5% 
of the variation in intubation rates were attributable to 
measured patient and illness characteristics (Tables 3S and 
4S - Supplementary Material).  To translate these results 
into a clinical exemplar, for the same 65 year old White, 
Non-Hispanic Female with 8 Elixhauser comorbidities, 
“Full Code” code status, admitted to a medical service 
for COVID-19 negative respiratory failure and escalated 
to HFNC, with a SOFA of 5 and a high-risk ROX on 
the day of escalation, predicted intubation rate would 
range from 30.3% (95%CI 27.8 - 41.3%) to 38.9%  
(95%CI 28.3 - 41.2%) and mortality would range from 36.4% 
(95%CI 33.9 - 43.0%) to 40.7% (95%CI 33.9 - 42.9%),  
depending on admitting hospital.

DISCUSSION

In this study, we characterized the current landscape of 
HFNC use in a multi-hospital U.S. system. We found that 
most HFNC use was escalation therapy in medical patients 
with hypoxemic respiratory failure. High-flow nasal cannula 
initiation occurred throughout the hospital, including 
outside formal critical care areas, and a quarter of patients 
were at high risk of failure at initiation. Duration of HFNC 
episodes varied, with a median duration of slightly more 
than a half-day, but with a tenth of patients spending over 
3 days on HFNC. Approximately a quarter of all HFNC 
episodes end in intubation, and a third in death, but 
mortality rates were close to 50% in patients intubated after 
HFNC. Patient factors contributed far more to variability 
in HFNC outcomes than hospital factors, but variability 
not attributable to measurable patient factors was present. 

HFNC - high flow nasal cannula; SOFA - Sequential Organ Failure Assessment; ECI - Elixhauser Comorbidity Index; ED - Emergency Department; ICU - intensive care unit.
Figure 4 - Forest-style plot illustrating the statistically significant results from a multivariable logistic regression model fit to assess the 
association between covariates of interest and odds of intubation in patients on high flow nasal cannula.  

Significant predictors of intubation on HFNC
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Relationship to previous work

High-flow nasal cannula is, in principle, a general 
supportive therapy for hypoxemia, with utility across a 
wide range of settings; this is the first study to confirm, on 
a system-wide scale, the heterogeneity of patients, contexts, 
and locations in which clinicians reach for HFNC.(32) These 
findings raise important considerations for researchers 
and clinicians. As research on this topic proliferates (as of  
mid-June 2025, Clinicaltrials.gov registered 183 completed 
and 49 recruiting randomized control trials (RCTs) involving 
HFNC in adults), it will be important to consider the real 
world contexts in which research efforts will have the most 
impact and to reflect on the best approaches to studying 
a widely available tool with few barriers to initiation  
by clinicians.(33) 

From a clinical perspective, the short median duration 
of HFNC therapy prior to intubation suggests a need for 
robust and reliable early risk assessment tools to serially 
assess response to HFNC at the bedside.(34) The ROX, 
one of the few validated tools to predict HFNC failure, 
performs best 12 hours after HFNC initiation,(29,30) at 
which point about half of patients in this study have 
either already been intubated or liberated from HFNC. 
Further, these tools may need to be implementable on 
the wards, where HFNC is frequently initiated despite 
practice guidelines suggesting it should be restricted to 
closely monitored settings.(16) Further work evaluating 
the conditions of HFNC initiation on the wards and 
non-critical care providers’ decision-making surrounding 
HFNC is warranted.  

An important ongoing clinical practice question that 
has proven challenging to answer is the optimal timing 
of intubation in patients with acute lung injury requiring 
respiratory support.(27,35-39) We found that the duration of 
HFNC prior to intubation varied by admitting service 
type, hospital type, and unit type, even after adjusting for 
patient characteristics, suggesting that unmeasured clinical 
practice patterns may confound the relationship between 
HFNC duration and outcomes. Notably, studies that 
raise concerns about the harms of longer HFNC duration 
prior to intubation have defined “long duration” as 24 to 
72 hours or more.(26,28,40-43) We found that three-quarters 
of intubations following HFNC occur by 24 hours, and 
90% by 72 hours, suggesting the importance of evaluating 
potential harms earlier. Promisingly, there may be sufficient 
variability in clinical practice that target trial emulation 
may be feasible to establish a causal link between duration 
and outcome or may justify the equipoise for further 
randomized clinical trials.(39,44,45)

Additionally, our study found lower intubation rates 
in patients treated in community hospitals compared with 
those in academic centers within our system, and these 
differences were not attributable to measured patient or 
illness characteristics. Plausible mechanisms for this finding 
include differences in ICU availability, staffing, comfort with 
HFNC use, and practices regarding thresholds to intubate 
patients. A full exploration of the mechanisms underlying 
this difference is an important area for future investigation.

We note that while recent large HFNC RCTs have excluded 
patients with code statuses limiting resuscitation,(10,11) this 
population makes up 13% of patients on HFNC in our 
hospital system. Moreover, it is known that important 
decisions about goals of care are often avoided until a 
moment of crisis,(46,47) and that it is often difficult for 
patients to accurately forecast their preferences until they 
become critically ill.(48,49) These considerations raise the 
question of whether HFNC could be a pivotal moment for 
motivated goals-of-care discussions before more invasive and  
difficult-to-reverse therapies are initiated.(50)  

This study differs from other recent cohort studies. 
First, it is the most extensive study describing HFNC 
use in the post-COVID-19 pandemic era. The pandemic 
had meaningful impacts on many aspects of critical care 
practice,(51,52) but how it influenced clinical approaches 
to the management of hypoxemia is unknown. Although 
the use of certain therapies, such as prone positioning, 
increased during the pandemic and then returned to pre-
pandemic levels,(53) our results suggest sustained increased 
use of HFNC in the post-pandemic era. The extent to 
which this absolute increase in HFNC use is attributable 
to increasing numbers of respiratory failure cases treated 
over time versus to a difference in the proportional use 
of HFNC compared with other treatment modalities due 
to changes in clinician preferences or recent guidelines 
requires further study; specifically, the reasons for the 
relatively greater increase in post-extubation therapy 
versus escalation therapy is an area in need of investigation. 
Second, we approached our study of HFNC agnostic of a 
comparison group, such as NIPPV or a specific hospital 
setting. In clinical practice, there is great variety in 
decision-making about when, where, and why HFNC is 
initiated, and understanding general rates of outcomes such 
as intubation and mortality, regardless of how an episode 
of HFNC began, is informative. 

Limitations

Our study has limitations. First, this was a retrospective 
study of cases in which HFNC was used, but it is difficult 
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to say whether HFNC was always required. It has been 
demonstrated by Yarnell et al. that substantial variability 
exists in clinicians’ beliefs about when intubation is 
necessary;(54) similarly, the decision to initiate HFNC 
likely differs across clinicians. While trials of respiratory 
support have relied upon stringent definitions of intubation 
eligibility in order to mitigate inappropriate variability due 
to practice differences,(37,38,55,56) when using retrospective 
EHR data, it is challenging to isolate the causal effects of 
HFNC initiation or duration compared to other modes 
of support (e.g., earlier intubation or NIPPV). We have 
therefore avoided causal language. 

Second, it remains difficult to extract the clinical 
indication for an intervention such as HFNC from EHR 
data. As a result, our analyses are not adjusted for the 
specific cause of respiratory failure. Additionally, our data 
do not allow for distinctions in the clinical reasoning for 
post-extubation HFNC use (prophylactic use to prevent 
reintubation versus rescue for extubation failure) nor for the 
identification of cases in which HFNC was used solely for 
symptom relief. Third, there is no standard definition of a 
single “episode” of HFNC, and there is likely heterogeneity 
in how this is defined by trialists as compared to clinicians. 
Fourth, our study period included time before, after, and 
during the COVID-19 pandemic, and while we adjusted 
for patients’ COVID-19 status, we could not adjust for 
other unmeasured differences in practice patterns resulting 
from the pandemic. Other factors that may be of interest 
but are not assessed within this study include HFNC flow 
rate, HFNC delivered temperature, and the use of sedating 
medications. Finally, this study included only one hospital 
system, and there may be significant practice variation 
worldwide. 

CONCLUSION

In this study, we found that high-flow nasal cannula 
use occurs in a wide range of settings and contexts 
throughout the hospital. In absolute numbers, the use of 
high-flow nasal cannula has increased between 2017 and 
2025. While most patients who started on high-flow nasal 
cannula recovered, those who progressed to intubation had 
a graver prognosis. We also found evidence of variability 
in practice due to unmeasured factors across our hospital 
system. There are several areas in need of further in depth, 
likely mixed methods, study including the development 
of tools which can be used shortly after high-flow nasal 
cannula initiation for reevaluation of clinical status and 
risk of intubation, the system and practice level factors 

which impact high-flow nasal cannula duration prior to 
intubation, the use of high-flow nasal cannula outside of 
critical care spaces, and the use of high-flow nasal cannula 
as a trigger for timely conversations with patients about 
preferences regarding life sustaining therapies.

FUNDING

Research reported in this publication was supported 
by the National Heart, Lung, and Blood Institute of 
the National Institutes of Health under Award Number 
5F32HL176151. The content is solely the responsibility of 
the authors and does not necessarily represent the official 
views of the National Institutes of Health. 

AUTHORS’ CONTRIBUTIONS

D. C. Bouhassira: co-designed the study, acquired 
data, performed data analysis, and co-wrote the first 
draft of the manuscript; C.H. Hochberg: contributed to 
acquisition of data and data analysis; S. K. Sahetya: was 
involved in interpretation of the data; A. Parker: was 
involved in interpretation of the data; K. B. Aziz and  
L. Yan: contributed to acquisition of data; T. J. Iwashyna: 
co-designed the study, supervised the data analysis, and 
co-wrote the first draft of the manuscript. All listed authors 
were involved in critically revising the version of the 
manuscript submitted for publication and have approved 
the final manuscript.

AVAILABILITY OF DATA AND MATERIALS

The data cannot be made publicly available. They are 
available for reanalysis upon execution of a duly completed data 
use agreement, as they contain protected health information.

Publisher’s note

Conflicts of interest: None.

Submitted on September 26, 2025
Accepted on December 10, 2025

Corresponding author:
Diana C. Bouhassira
Johns Hopkins University
1830 E Monument St 5Th Floor 
Baltimore 21287 - United States
E-mail: dbouhas1@jhmi.edu

Responsible editor: Ary Serpa Neto 

mailto:dbouhas1@jhmi.edu
https://orcid.org/0000-0003-1520-9387


10 Bouhassira DC, Hochberg CH, Sahetya SK, Parker A, Aziz KB, Yan L, et al.

Crit Care Sci.2026;38:e20260366

REFERENCES

1.	 Papazian L, Corley A, Hess D, Fraser JF, Frat JP, Guitton C, et al. Use of 
high-flow nasal cannula oxygenation in ICU adults: a narrative review. 
Intensive Care Med. 2016;42(9):1336-49.

2.	 Renda T, Corrado A, Iskandar G, Pelaia G, Abdalla K, Navalesi P. High-flow 
nasal oxygen therapy in intensive care and anaesthesia. Br J Anaesth. 
2018;120(1):18-27.

3.	 Grieco DL, Maggiore SM, Roca O, Spinelli E, Patel BK, Thille AW, et al. 
Non-invasive ventilatory support and high-flow nasal oxygen as first-line 
treatment of acute hypoxemic respiratory failure and ARDS. Intensive Care 
Med. 2021;47(8):851-66.

4.	 Munshi L, Mancebo J, Brochard LJ. Noninvasive respiratory 
support for adults with acute respiratory failure. N Engl J Med.  
2022;387(18):1688-98.

5.	 Nishimura M. High-flow nasal cannula oxygen therapy in adults: 
physiological benefits, indication, clinical benefits, and adverse effects. 
Respir Care. 2016;61(4):529-41.

6.	 Goligher EC, Slutsky AS. Not just oxygen? Mechanisms of benefit from 
high-flow nasal cannula in hypoxemic respiratory failure. Am J Respir Crit 
Care Med. 2017;195(9):1128-31.

7.	 Mauri T, Turrini C, Eronia N, Grasselli G, Volta CA, Bellani G, et al. Physiologic 
effects of high-flow nasal cannula in acute hypoxemic respiratory failure. 
Am J Respir Crit Care Med. 2017;195(9):1207-15.

8.	 Delorme M, Bouchard PA, Simon M, Simard S, Lellouche F. Physiologic 
effects of high-flow nasal cannula in healthy subjects. Respir Care. 
2020;65(9):1346-54.

9.	 Vieira F, Bezerra FS, Coudroy R, Schreiber A, Telias I, Dubo S, et al. 
High flow nasal cannula compared to continuous positive airway 
pressure: a bench and physiological study. J Appl Physiol. 2022 May 5.  
doi: 10.1152/japplphysiol.00416.2021. 

10.	 Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, et al.; 
FLORALI Study Group; REVA Network. High-flow oxygen through 
nasal cannula in acute hypoxemic respiratory failure. N Engl J Med.  
2015;372(23):2185-96.

11.	 RENOVATE Investigators and the BRICNet Authors. High-flow nasal 
oxygen vs noninvasive ventilation in patients with acute respiratory failure:  
the RENOVATE randomized clinical trial. JAMA. 2025;333(10):875-90.

12.	 Rochwerg B, Granton D, Wang DX, Helviz Y, Einav S, Frat JP, et al. High 
flow nasal cannula compared with conventional oxygen therapy for acute 
hypoxemic respiratory failure: a systematic review and meta-analysis. 
Intensive Care Med. 2019;45(5):563-72.

13.	 Chaudhuri D, Granton D, Wang DX, Burns KE, Helviz Y, Einav S, et al.  
High-flow nasal cannula in the immediate postoperative period:  
a systematic review and meta-analysis. Chest. 2020;158(5):1934-46.

14.	 Huang Y, Lei W, Zhang W, Huang JA. High-flow nasal cannula in 
hypercapnic respiratory failure: a systematic review and meta-analysis. 
Can Respir J. 2020;2020:7406457.

15.	 Ovtcharenko N, Ho E, Alhazzani W, Cortegiani A, Ergan B, Scala R, et al.  
High-flow nasal cannula versus non-invasive ventilation for acute 
hypercapnic respiratory failure in adults: a systematic review and  
meta-analysis of randomized trials. Crit Care. 2022;26(1):348.

16.	 Rochwerg B, Einav S, Chaudhuri D, Mancebo J, Mauri T, Helviz Y, et al. The 
role for high flow nasal cannula as a respiratory support strategy in adults: 
a clinical practice guideline. Intensive Care Med. 2020;46(12):2226-37.

17.	 Oczkowski S, Ergan B, Bos L, Chatwin M, Ferrer M, Gregoretti C, et al. ERS 
clinical practice guidelines: high-flow nasal cannula in acute respiratory 
failure. Eur Respir J. 2022;59(4):2101574.

18.	 Matthay MA, Arabi Y, Arroliga AC, Bernard G, Bersten AD,  
Brochard LJ, et al. A new global definition of acute respiratory distress 
syndrome. Am J Respir Crit Care Med. 2024;209(1):37-47.

19.	 Cuquemelle E, Pham T, Papon JF, Louis B, Danin PE, Brochard L. Heated and 
humidified high-flow oxygen therapy reduces discomfort during hypoxemic 
respiratory failure. Respir Care. 2012;57(10):1571-7.

20.	 Roca O, Hernández G, Díaz-Lobato S, Carratalá JM, Gutiérrez RM, 
Masclans JR; Spanish Multidisciplinary Group of High Flow Supportive 
Therapy in Adults (HiSpaFlow). Current evidence for the effectiveness of 
heated and humidified high flow nasal cannula supportive therapy in adult 
patients with respiratory failure. Crit Care. 2016;20(1):109.

21.	 Tan D, Wang B, Cao P, Wang Y, Sun J, Geng P, et al. High flow nasal cannula 
oxygen therapy versus non-invasive ventilation for acute exacerbations of 
chronic obstructive pulmonary disease with acute-moderate hypercapnic 
respiratory failure: a randomized controlled non-inferiority trial. Crit Care. 
2024;28(1):250.

22.	 Messika J, Ben Ahmed K, Gaudry S, Miguel-Montanes R, Rafat C, Sztrymf 
B, et al. Use of high-flow nasal cannula oxygen therapy in subjects with 
ARDS: a 1-year observational study. Respir Care. 2015;60(2):162-9.

23.	 Nagata K, Morimoto T, Fujimoto D, Otoshi T, Nakagawa A, Otsuka K, 
et al. Efficacy of high-flow nasal cannula therapy in acute hypoxemic 
respiratory failure: decreased use of mechanical ventilation. Respir Care. 
2015;60(10):1390-6.

24.	 Coudroy R, Jamet A, Petua P, Robert R, Frat JP, Thille AW.  
High-flow nasal cannula oxygen therapy versus noninvasive ventilation 
in immunocompromised patients with acute respiratory failure:  
an observational cohort study. Ann Intensive Care. 2016;6(1):45.

25.	 Rogers JR, Liu C, Hripcsak G, Cheung YK, Weng C. Comparison of clinical 
characteristics between clinical trial participants and nonparticipants using 
electronic health record data. JAMA Netw Open. 2021;4(4):e214732.

26.	 Kang BJ, Koh Y, Lim CM, Huh JW, Baek S, Han M, et al. Failure of  
high-flow nasal cannula therapy may delay intubation and increase 
mortality. Intensive Care Med. 2015;41(4):623-32.

27.	 Kangelaris KN, Ware LB, Wang CY, Janz DR, Zhuo H, Matthay MA, et al.  
Timing of intubation and clinical outcomes in adults with acute  
respiratory distress syndrome. Crit Care Med. 2016;44(1):120-9.

28.	 López-Ramírez VY, Sanabria-Rodríguez OO, Bottia-Córdoba S,  
Muñoz-Velandia OM. Delayed mechanical ventilation with prolonged  
high-flow nasal cannula exposure time as a risk factor for mortality in acute 
respiratory distress syndrome due to SARS-CoV-2. Intern Emerg Med. 
2023;18(2):429-37.

29.	 Roca O, Caralt B, Messika J, Samper M, Sztrymf B, Hernández G, et al.  
An index combining respiratory rate and oxygenation to predict 
outcome of nasal high-flow therapy. Am J Respir Crit Care Med.  
2019;199(11):1368-76.

30.	 Junhai Z, Jing Y, Beibei C, Li L. The value of ROX index in predicting 
the outcome of high flow nasal cannula: a systematic review and  
meta-analysis. Respir Res. 2022;23(1):33.

31.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,  
Vandenbroucke JP; STROBE Initiative. The Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) statement: 
guidelines for reporting observational studies. Ann Intern Med.  
2007;147(8):573-7.

32.	 Seitz KP, Casey JD, Semler MW. Patient, treatment, outcome-large simple 
trials of common therapies. JAMA. 2025;334(5):395-7. 

33.	 Hirst A, Philippou Y, Blazeby J, Campbell B, Campbell M, Feinberg J, et al.  
No surgical innovation without evaluation: evolution and further 
development of the IDEAL framework and recommendations. Ann Surg. 
2019;269(2):211-20.

34.	 Pearce AK, Nemati S, Goligher EC, Hough CL, Holder AL, Wardi G, et al.  
Can we predict the future of respiratory failure prediction? Crit Care. 
2025;29(1):253.

35.	 Telias I, Brochard LJ, Gattarello S, Wunsch H, Junhasavasdikul D,  
Bosma KJ, et al. The physiological underpinnings of life-saving respiratory 
support. Intensive Care Med. 2022;48(10):1274-86.

36.	 Miller DC, Pu J, Kukafka D, Bime C. Failure of high flow nasal cannula 
and subsequent intubation is associated with increased mortality as 
compared to failure of non-invasive ventilation and mechanical ventilation 
alone: a real-world retrospective analysis. J Intensive Care Med.  
2022;37(1):41-5.



Patterns and outcomes of real-world high-flow nasal cannula use 11

Crit Care Sci. 2026;38:e20260366

37.	 Lee KG, Roca O, Casey JD, Semler MW, Roman-Sarita G, Yarnell CJ, et al.  
When to intubate in acute hypoxaemic respiratory failure? Options and 
opportunities for evidence-informed decision making in the intensive care 
unit. Lancet Respir Med. 2024;12(8):642-54.

38.	 Yarnell CJ, Johnson A, Dam T, Jonkman A, Liu K, Wunsch H, et al.  
Do thresholds for invasive ventilation in hypoxemic respiratory failure 
exist? A cohort study. Am J Respir Crit Care Med. 2023;207(3):271-82.

39.	 Yarnell CJ, Patel BK. When should we intubate in hypoxemic respiratory 
failure? NEJM Evid. 2023;2(3):EVIDtt2200305. 

40.	 Chandel A, Patolia S, Brown AW, Collins AC, Sahjwani D, Khangoora V, et al.  
High-flow nasal cannula therapy in COVID-19: using the ROX index to 
predict success. Respir Care. 2021;66(6):909-19.

41.	 Bime C, Carr GE, Pu J, Kou S, Wang Y, Simons M. Delayed intubation 
associated with in-hospital mortality in patients with COVID-19 respiratory 
failure who fail heated and humified high flow nasal canula. BMC 
Anesthesiol. 2023;23(1):234.

42.	 Saillard C, Lambert J, Tramier M, Chow-Chine L, Bisbal M, Servan L, et al. 
High-flow nasal cannula failure in critically ill cancer patients with acute 
respiratory failure: moving from avoiding intubation to avoiding delayed 
intubation. PLoS One. 2022;17(6):e0270138.

43.	 Hernandez-Romieu AC, Adelman MW, Hockstein MA, Robichaux CJ, 
Edwards JA, Fazio JC, et al.; and the Emory COVID-19 Quality and Clinical 
Research Collaborative. Timing of intubation and mortality among critically 
ill coronavirus disease 2019 patients: a single-center cohort study. Crit 
Care Med. 2020;48(11):e1045-53.

44.	 Yarnell CJ, Angriman F, Ferreyro BL, Liu K, De Grooth HJ, Burry L, et al. 
Oxygenation thresholds for invasive ventilation in hypoxemic respiratory 
failure: a target trial emulation in two cohorts. Crit Care. 2023;27(1):67.

45.	 Wanis KN, Madenci AL, Hao S, Moukheiber M, Moukheiber L,  
Moukheiber D, et al. Emulating target trials comparing early and delayed 
intubation strategies. Chest. 2023;164(4):885-91.

46.	 Uyeda AM, Lee RY, Pollack LR, Paul SR, Downey L, Brumback LC, et al.  
Predictors of documented goals-of-care discussion for hospitalized patients 
with chronic illness. J Pain Symptom Manage. 2023;65(3):233-41.

47.	 Knauft E, Nielsen EL, Engelberg RA, Patrick DL, Curtis JR. Barriers and 
facilitators to end-of-life care communication for patients with COPD. 
Chest. 2005;127(6):2188-96.

48.	 Sudore RL, Fried TR. Redefining the “planning” in advance care 
planning: preparing for end-of-life decision making. Ann Intern Med. 
2010;153(4):256-61.

49.	 Fried TR, O’Leary J, Van Ness P, Fraenkel L. Inconsistency over time in 
the preferences of older persons with advanced illness for life-sustaining 
treatment. J Am Geriatr Soc. 2007;55(7):1007-14.

50.	 Kruser JM, Cox CE, Schwarze ML. Clinical momentum in the intensive 
care unit. A latent contributor to unwanted care. Ann Am Thorac Soc. 
2017;14(3):426-31.

51.	 Arabi YM, Azoulay E, Al-Dorzi HM, Phua J, Salluh J, Binnie A, et al. How 
the COVID-19 pandemic will change the future of critical care. Intensive 
Care Med. 2021;47(3):282-91.

52.	 Hermann B, Benghanem S, Jouan Y, Lafarge A, Beurton A; ICU French 
FOXES (Federation Of eXtremely Enthusiastic Scientists) Study Group. 
The positive impact of COVID-19 on critical care: from unprecedented 
challenges to transformative changes, from the perspective of young 
intensivists. Ann Intensive Care. 2023;13(1):28.

53.	 Hochberg CH, Psoter KJ, Eakin MN, Hager DN. Declining use of prone 
positioning after high initial uptake in COVID-19 adult respiratory distress 
syndrome. Crit Care Med. 2023;51(11):1547-51.

54.	 Yarnell CJ, Paranthaman A, Reardon P, Angriman F, Bassi T, Bellani G, et al.;  
Canadian Critical Care Trials Group. An international factorial  
vignette-based survey of intubation decisions in acute hypoxemic 
respiratory failure. Crit Care Med. 2025;53(1):e117-31.

55.	 Brochard L, Mancebo J, Wysocki M, Lofaso F, Conti G, Rauss A, et al. 
Noninvasive ventilation for acute exacerbations of chronic obstructive 
pulmonary disease. N Engl J Med. 1995;333(13):817-22.

56.	 Yarnell CJ, Barrett K, Heath A, Herridge M, Fowler RA, Sung L, et al. 
What is the potential value of a randomized trial of different thresholds to 
initiate invasive ventilation? A health economic analysis. Crit Care Explor. 
2024;6(6):e1098.


