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ARTICLE INFO ABSTRACT

Keywords: Hypoxemic respiratory failure is a common manifestation of COVID-19 pneumonia. Early in the COVID-19
High flow nasal cannula pandemic, patients with hypoxemic respiratory failure were, at times, being intubated earlier than normal; in
COVID-19

part because the options of heated humidified high flow nasal cannula (HFNC) and non-invasive ventilation
(NIV) were considered potentially inadequate and to increase risk of virus aerosolization. To understand the
benefits and factors that predict success and failure of HFNC in this population, we evaluated data from the first
30 sequential patients admitted with COVID-19 pneumonia to our center who were managed with HFNC. We
conducted Cox Proportional Hazards regression models to evaluate the factors associated with high flow nasal
cannula failure (outcome variable), using time to intubation (censoring variable), while adjusting for comor-
bidities and immunosuppression. In the majority of our patients (76.7%), the use of HFNC failed and the patients
were ultimately placed on mechanical ventilation. Those at increased risk of failure had a higher sequential
organ failure assessment score, and at least one comorbidity or history of immunosuppression. Our data suggest
that high flow nasal cannula may have a role in some patients with COVID-19 presenting with hypoxemic res-

Novel coronavirus
Critical care medicine
Respiratory failure

piratory failure, but careful patient selection is the likely key to its success.

1. Introduction

The coronavirus disease 2019 (COVID-19) has caused the death of
millions of people worldwide [1]. SARS-CoV-2 mainly affects the res-
piratory system by attaching itself to the angiotensin converting enzyme
2 receptor (ACE2r) on pneumocytes and replicating within that cell
population [2,3]. This may lead to acute severe hypoxemia without
respiratory distress or to acute respiratory distress syndrome (ARDS)
[4-6]. Early recommendations suggested intubation at the first sign of
hypoxemia and avoiding non-invasive ventilation (NIV) or high flow
nasal cannula (HFNC) due to the risk of viral aerosolization [6,7]. This
placed pressure on healthcare systems due to the rapidly contagious
nature of the virus and the scarcity of ventilators [8-10]. The contro-
versy surrounding timing of intubation remains; and the deleterious
effects of invasive mechanical ventilation (IMV) coupled with the het-
erogeneity of the pulmonary manifestations of COVID-19 have

prompted a rethink of HFNC [11,12].

In a pre-COVID study, HFNC has proven to be non-inferior to NIV or
nasal cannula, and may reduce ICU and 90 day mortality [13]. There
have been reports of the utilization of HFNC as a maneuver to avoid
intubation in COVID-19 and the need for IMV, but the predictors of
failure and success remain unknown [14,15]. We examined a cohort of
COVID-19 patients with hypoxemic respiratory failure in order to
identify predictors of failure and success in those who were placed in
HFNC.

2. Material and methods

We performed a single-center, observational study evaluating adult
patients admitted to large medical center in Houston, Texas. We
reviewed electronic medical records (EMR) of consecutive patients with
COVID-19 pneumonia between March 1 and April 28, 2020 and
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included those who utilized HFNC as rescue therapy to avoid intubation.

HFNC was considered successful if the patients did not require
intubation and were eventually completely weaned from this modality;
whereas patients who were subsequently intubated were considered as
failures. Time to intubation was calculated as the first date the HFNC
order was placed until the date when the patient was intubated.

Relevant data was extracted from patients identified by EMR using
the key words, “heated high flow nasal cannula”, “high flow nasal
cannula”, “humidified high flow nasal cannula”, “nasal cannula”,
“Vapotherm™”, Medical records of patients identified to have needed
HFNC therapy were examined utilizing other key words, “intubation”,
“anesthesia”, “procedure note”, “mechanical ventilation”, “ventilation”,
“ventilator”, “ETT”, “endotracheal tube”. The purpose of this second
search was to identify if the patient had been on mechanical ventilation
during any point of their hospitalization. The information collected from
the patients’ records included hospitalization characteristics and socio-
demographics such as race/ethnicity, age, BMI and gender; co-
morbidities, symptoms, immunosuppressive conditions (cancer, organ
transplant, chronic steroid user and/or HIV/AIDS), lab results,
oxygenation, ventilation and sequential organ failure (SOFA) scores
[16]. The study was performed in accordance with Baylor College of
Medicine’s (BCM) and Baylor-St. Luke’s Medical Center (BSLMC) insti-
tutional review board (IRB) requirements.

A bivariate analysis comparing socio-demographic, hospitalization
characteristics and HFNC failure using Fisher’s exact test was conduct-
ed. We also calculated the incidence of HFNC failure among each of the
aforementioned characteristics. For comparing lab characteristics and
the outcome of HFNC failure, we utilized Independent Samples T-test.
Furthermore, after testing the proportionality assumption using Kaplan-
Meier survival analyses, we conducted Cox Proportional Hazards
regression models to evaluate the factors associated with HFNC failure
(outcome variable), using time to intubation (censoring variable), while
adjusting for comorbidities and immunosuppression. Type-I error rate
was set at 5%. All data analyses were conducted using R (version
3.5.1), RStudio (Version 1-1-423) and NCSS (Version 12.0.4).

3. Results

During the observation period, there were a total of 30 hospitalized
patients who ultimately required HFNC, with 23 (76.7%) eventually
failing HFNC, requiring MV. The highest proportion of HFNC utilization
(failure and success) was in the 61-80 years age group. Among patients
who failed HFNC, 60.9% (n = 14) were male, 60.9% obese (n = 14),
52.2% (n = 12) African American. A minority of those observed (34.8%,
n = 8) received corticosteroids.

Patients who failed HFNC had a mean average lactate 1.29 mg/dL
(SD = 1.42 mg/dL, p = 0.57), lactate dehydrogenase (LDH) 431.87 U/L
(SD = 302.46 U/L, p = 0.27), C-reactive protein (CRP) 12.46 mg/L (SD
=10.14, p = 0.30), ferritin was 3,478.69 ng/mL (SD = 8,202.26 ng/mL,
p = 0.17) and SOFA score of 6.

Successful HFNC patients were 57.1% female (n = 4, p = 0.39),
42.9% (n = 3, p = 0.41) overweight, were mostly African American
(57.1%, n = 4, p = 0.59) and 28.6% (n = 2, p = 0.87) received corti-
costeroids. The also had a mean average lactate 0.97 mg/dL (SD = 0.72
mg/dL, p = 0.57), LDH 294.29 U/L (SD = 228.88 U/L, p = 0.27), CRP
8.10 mg/L (SD = 8.10, p = 0.30), ferritin was 1082 ng/mL (SD =
1317.55 ng/mL, p = 0.17) and SOFA score - 2.

A Cox proportional hazards regression to evaluate the association
between socio-demographic characteristics and comorbidities (expo-
sures) and MV (outcome) demonstrated that having any comorbidity or
immunosuppression was associated with HFNC failure with a hazard
ratio of 1.89 (CI = 1.59-2.36, p = 0.006) and hazard ratio of 1.22 (CI
1.14-1.77, p = 0.02) respectively (Table 1).
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Table 1
Association between socio-demographic characteristics, comorbidities, immu-
nosuppression and HFNC failure.

HR 95%CI p-value
Age 0.97 0.96-0.99 <0.001
Sex
Female reference
Male 0.48 0.30-0.77 0.002
BMI category
Normal reference
Underweight 0.94 0.04-8.16 0.96
Overweight 1.92 0.64-6.05 0.99
Obese 1.31 0.37-3.24 0.99
Race/ethnicity
NH-White reference
NH-Black 0.21 0.11-0.39 <0.001
Hispanic 0.71 0.39-1.31 0.61
Any comorbidity
No reference
Yes 1.89 1.59-2.36 0.006
Any immunosuppression
No reference
Yes 1.22 1.14-1.77 0.02

p-values obtained from Cox proportional hazards regression model.

4. Discussion

In this cohort of 30 patients with COVID-19, those who failed HFNC
were likely to be male, obese, with at least one comorbidity or immu-
nosuppression, have higher inflammatory markers, SOFA scores and
lactate levels. As previous literature has shown, our cohort was also
mostly males and those belonging to racial/ethnic minorities [17].

Mellado-Artigas’ et al., demonstrated that HFNC might decrease
ventilator days, ICU length of days and all-cause-hospital mortality but
their cohort had lower SOFA scores, BMIs and utilized higher flows [18].
A systematic review done found that HFNC may reduce the need for IMV
but there was no difference in mortality or length of stay and the studies
included did not pertain exclusively to COVID-19 [19].

Our data suggest that COVID-19 patients with higher SOFA scores,
lactic acid levels, and at least one comorbidity or immunosuppression do
not benefit from HFNC. To our knowledge this is the only study that aims
to identify risk factors for success or failure of HFNC for patients with
COVID-19 and is a glimpse of the impact of the therapy without
concomitant steroids or interleukin-6 inhibitors (IL-6i). Limitations
include small sample size based on convenience (since the study was
conducted in the beginning of the pandemic), retrospective design, non-
randomized enrollment. This cohort of patients was studied before IL-6i,
remdesivir and steroids became standard of care with only a minority of
patients receiving steroids. Our HFNC devices were limited to 40L flow,
perhaps higher flow may have more impact.

5. Conclusion

HFNC remains an important part in the treatment for COVID-19 but
patient selection seems to be key. We found that those with at least one
comorbidity or immunosuppression, higher SOFA scores and lactate
levels are more likely to fail HFNC.
Study performed in
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