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High-Flow Nasal Cannula Failure Odds Is Largely
Independent of Duration of Use in COVID-19

To the Editor:

A central question in coronavirus disease 2019 (COVID-19)-
associated hypoxemia management remains how to optimally
provide and escalate respiratory support. Numerous studies have
investigated the potential impact of “early intubation;” together,
these suggest there is neither benefit nor harm with this approach
(1). However, as observational studies without protocols for
when to initiate invasive mechanical ventilation (IMV), all are
likely subject to indication bias. Clinicians are left, therefore, with
little evidence on which to base decisions about when and in
whom IMV initiation is appropriate.

In this study, we sought to evaluate the outcomes of patients
supported with high-flow nasal cannula (HFNC) for increasing
periods of time.We hypothesized that after a certain amount of time
on HFNC, the odds of HFNC failure (defined as intubation or
death without intubation by Study Day 28) would increase. Such
results may assist clinicians and patients in decisions about the use
and timing of IMV.

Methods
We performed a secondary analysis of data collected for a
randomized controlled meta-trial of awake prone positioning in
COVID-19 acute respiratory failure requiring support with HFNC
(2). In the meta-trial, HFNCwas initiated at the maximal tolerated
flow, and the fraction of inspired oxygen (FIO2

) was titrated to
maintain a peripheral arterial oxygen saturation (SpO2

) between 90%
and 95%. Predefined criteria for intubation were provided at the
meta-trial level.

Our cohort consisted of control group patients, those not
subjected to protocolized prone positioning. From this full group who
received HFNC for any duration of time (>0 d), we created 14
nonmutually exclusive, nested cohorts (patients who received HFNC
for>1 day, patients who received HFNC for>2 days, etc., up
through patients who received HFNC for>14 days). The primary

outcome was HFNC failure, defined as the initiation of IMV or death
(before IMV), within 28 days of trial enrollment. No patients were
lost to follow-up.

We used numbers and percentages to describe patient
characteristics. We then evaluated unadjusted HFNC failure rates
in each cohort for all patients and subgroups defined by age, sex,
body mass index (BMI), and degree of hypoxemia at study
enrollment. Finally, we constructed a series of 15 multivariable
logistic regression models to estimate the adjusted probability of
HFNC failure for each cohort separately. For each model,
covariables were determined a priori based on clinical
significance and included: age, sex, BMI, respiratory rate and
SpO2

:FIO2
ratio at the time of study enrollment, number of

comorbidities, and HFNC device (Optiflow or Airvo 2 [Fisher
and Paykel Healthcare Ltd.] vs. Precision Flow [Vapotherm]).
Continuous covariables were modeled linearly. Furthermore,
each component of the composite outcome (initiation of IMV or
death without IMV), patients treated with different HFNC
devices, and patients without do-not-intubate orders were
examined separately as sensitivity analyses.

Statistical analyses were performed with R version 3.6.3.

Results
Our full cohort consisted of 557 patients with an average age of
60.76 14.0 years, of whom 65.7% were male. The majority
(80.4%) had moderate to severe hypoxemia (SpO2

:FIO2
, 190) on

study enrollment, and 46.1% experienced HFNC failure by Study
Day 28.

Unadjusted rates of HFNC failure varied by time on HFNC in a
U-shapedmanner (Figure 1A). The lowest rate of failure was 28.1%
experienced by those using<6 days of HFNC (vs. 46.1% for the
full cohort and 41.0% for those using HFNC for<14 d). Similar
trends were observed in all sensitivity analyses andmost subgroups
(Table 1). Exceptions included patients<85 years old (with stably
higher failure risk for all HFNC duration cohorts) and with
BMI, 25 (who experienced a largely increasing failure risk with
sequentially longer durations of HNFC), although subgroup
inferences are limited by sample size.

After adjustment, we were not able to detect a similar pattern in
the probability of failure, which, instead, appeared to remain stable
even as time on HFNC progressed (Figure 1B). This stability was also
seen for each component of the composite outcome of HFNC failure
individually, with both HFNC device types and in patients without
do-not-intubate orders.

Discussion
We found that crude rates of HFNC failure assumed a U-shape as
a function of time to date using HFNC; specifically, only 1 in
every 3.5 patients receiving HFNC for<6 days experienced
failure while rates were higher among patients receiving any (1 in
every 2 patients) and<14 days (1 in every 2.5 patients) of HFNC.
However, after adjustment for patient characteristics, the
probability of HFNC failure did not vary with the duration of
previous support with HFNC.

Together these findings suggest that higher failure rates among
cohorts inclusive of short-duration HFNC users likely reflect the
fact that sicker patients received IMV early on. And while HFNC
failure rates eventually increase after 10 days of receiving HFNC,
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this association is likely driven more by disease course and patient
characteristics rather than any intrinsic harm associated with longer
HFNC use itself. Moreover, there is no subgroup in which HFNC use
for any amount of time up to 2 weeks is associated with odds of
failure of.50%.

To our knowledge, this is the first study to evaluate the utility of
continued HFNC stratified by duration of use to date in patients with
COVID-19. Existing real-world evidence has suggested the rate of
HFNC failure varies widely across patient groups (generally,
�30–60% [3]). Understanding patient risk based on prior duration of
HFNC will help clinicians prognosticate.

This study’s strengths include its diverse international
population and the use of a standard strategy recommending when to
initiate IMV, thereby limiting indication bias. Limitations include: the
potential for residual confounding (as patient subgroups did
experience different HFNC duration-associated failure rates); an
inability to account for preenrollment HFNC use duration, although
this was short as median time from hospital admission to enrollment
was 1.0 (interquartile range, 0.4–1.5) day (2); potential barriers to
generalizability as our cohort includes only patients enrolled in
clinical trials; and a nonquantitative assessment of the pattern of
failure rates across cohorts.
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Figure 1. Crude and adjusted proportions of high-flow nasal cannula (HFNC) failure by to-date duration of use. Failure of HFNC is a composite
outcome of either initiation of invasive mechanical ventilation or death without mechanical ventilation by Study Day 28. (A) Shows the crude risk
of failure in the whole population, according to increasingly longer durations of respiratory support with HFNC, with the minimal duration of
exposure and the number of patients in each nested cohort represented on the x-axis. (B) Shows the adjusted probability of HFNC failure by
to-date duration of use. Point estimates of failure are based on regression modeling adjusted for age, sex, body mass index, respiratory rate,
and SpO2

at time of study enrollment, and the number of comorbidities, with 95% confidence intervals denoted by the error bars.
SpO2

=peripheral arterial oxygen saturation.
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The role of HFNC in COVID-19-associated hypoxemia over
the course of disease remains incompletely understood (4).
Clinicians should take comfort, however, that continued use of
HFNC even for patients already receiving it for 14 days does not
appear futile. �
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