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Abstract
Objectives  To determine predictors of high-flow nasal cannula (HFNC) failure in COVID-19 patients in a hospital in 
northern Peru.

Methodology  A retrospective cohort study was conducted during the months of March and May 2021. Data 
collection was based on a follow-up of 156 hospitalized patients with a diagnosis of COVID-19 who were users 
of HFNC. Epidemiological factors and clinical outcomes of treatment were analyzed from medical records. 
Epidemiological, analytical, and HFNC use-related characteristics were described using measures of absolute and 
relative frequencies, measures of central tendency, and dispersion. A multivariate Poisson regression analysis with 
robust variance and a 95% confidence interval was performed.

Results  We found that age, SpO2/FiO2, work of breathing (WOB scale) at admission, degree of involvement, type of 
infiltrate on CT scan, lymphocytes, c-reactive protein, and D-dimer were significantly associated with failure of HFNC 
(p < 0.05). In addition, the WOB scale, PaO2/FiO2, SaO2/FiO2, and ROX index were variables that presented statistical 
significance (p < 0.0001). In the multivariate analysis model, a risk of failure of HFNC was determined with age > = 60 
years [RRa 1.39 (1.05–1.85)] and PaO2/FiO2 score less than 100 [Rra 1.65 (0.99–2.76)].

Conclusions  Predictors to failure of HFNC are age older than 60 years and minimally significantly lower PaO2/FiO2 
than 100.
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Introduction
In 2019, a new type of coronavirus called “severe acute 
respiratory syndrome-causing coronavirus 2 (SARS-
CoV-2)” was identified [1]. To date, the Americas have 
exceeded 193  million cumulative cases and almost 
3 million deaths [2], and in Peru, the Ministry of Health 
(MINSA) has reported more than 221 thousand deaths 
[3]. SARS-CoV-2 infection ranges from asymptomatic 
to very severe pneumonia, requiring oxygen therapy or 
assisted ventilation, and is associated with high mortality 
[4, 5].

Severe COVID-19 frequently progresses to acute 
hypoxemic respiratory failure, which necessitates high 
fractional inspired oxygen concentration (FiO2) and the 
possibility of creating new noninvasive mechanical ven-
tilation (NIV) strategies. This is where the high-flow 
nasal cannula (HFNC) arises, which uses active humidi-
fication that allows the delivery of flow up to 60  L/min 
in oxygen concentrations ranging from 21 to 100% [6], 
being a non-invasive strategy that improves oxygenation 
and carbon dioxide elimination, and in relation to other 
non-invasive ventilation strategies, provides a greater 
inspiratory demand for patients [7]. High-flow oxy-
gen therapy provides a mixture of gases with flows that 
exceed the ventilatory demand of the patient in order to 
prevent intubation in patients with adult respiratory dis-
tress syndrome (ARDS) [8]. Since invasive mechanical 
ventilation (IMV) is a life support method that must be 
applied in the intensive care unit (ICU) [9], it has been 
reported to increase mortality rates compared to non-
intubated patients [8, 9]. Although the use of noninvasive 
ventilatory support in acute respiratory failure due to 
viral infections continues to have conflicting data on ben-
efits for major outcomes, noninvasive ventilatory support 
strategies were widely and variably used during the pan-
demic [10].

A systematic review study found that, compared to 
standard oxygen therapy, HFNC could reduce intuba-
tion rates, decrease ICU stays, and increase the num-
ber of days free of mechanical ventilation, in addition 
to improving oxygenation rates [11]. HFNC seems to be 
useful for ARDS associated with COVID-19 and safer for 
healthcare professionals, as it is associated with lower in-
hospital mortality compared to mechanical ventilation; 
however, there is still contradictory data on the benefits 
of its use depending on the severity of acute respiratory 
failure [12]. In addition, the severity of ARDS with PaO2/
FiO2 < 150 and a respiratory rate > 35/min can be consid-
ered a predictor of intubation [13].

Other studies have pointed out that the HFNC repre-
sents the most common and successful ventilatory sup-
port method for patients with COVID-19 associated with 
acute respiratory failure [14]. In addition, it was noted 
that patients with a lower PaO2/FiO2 ratio were more 

likely to experience failure in the use of this cannula, 
and that the overall intubation rate was as high as 15% 
among those with severe acute respiratory failure [14]. 
HFNC continues to play a pivotal role in the manage-
ment of COVID-19 in patients with hypoxemic respira-
tory failure. However, those with at least one comorbidity 
or immunosuppression, as well as elevated inflammatory 
markers, higher SOFA scores, and elevated lactate levels, 
have been observed to have a higher likelihood of not 
responding satisfactorily to HFNC therapy [15]. Given 
its effectiveness in preventing intubation and associated 
complications, the use of HFNC may be considered the 
first treatment option for ARDS [8].

Since 2019, when the first cases were reported, there 
have been no studies on this topic in our country. There-
fore, we hope that this research will provide data that 
will allow us to make more effective proposals for the 
management of severe acute respiratory syndromes. In 
addition, we seek to contribute to the availability of infor-
mation that may be useful for future research in this field.

The main objective of the present study was to deter-
mine the predictors of failure of HFNC in patients with 
COVID-19 in a hospital in northern Peru during the 
second wave of the pandemic. In addition, we seek to 
describe the sociodemographic and clinical characteris-
tics of patients with COVID-19 who use HFNC, as well 
as measure the time delay in the use of high-flow devices 
and identify the predictor indices of failure of HFNC in 
patients with COVID-19.

Materials and methods
Study design, population and sample
A longitudinal observational study with a retrospective 
cohort analytical design was conducted at the Hospital 
Almanzor Aguinaga Asenjo (HAAA) in Lambayeque, 
Peru. The study population included 162 patients hos-
pitalized for COVID-19 who used HFNC during the 
months of March to May 2021, in the context of the sec-
ond pandemic wave.

The study sample consisted of 112 patients hospitalized 
for COVID-19. A sample size was estimated based on the 
comparison of respiratory rate means in patients using 
noninvasive ventilation and with oxygen system failure 
results (30 ± 8) and those without noninvasive ventilation 
failure (26 ± 7) at 24 h, taking into account a confidence 
level of 95%, a power of 80%, and a between-group ratio 
of 1:1 [16]. However, a total of 156 patients could be cap-
tured. Non-probability convenience sampling was used.

Eligibility criteria
Adult patients over 18 years of age hospitalized on the 
general ward with a diagnosis of COVID-19 confirmed 
by antigenic, molecular, or serologic testing and who 
received treatment with HFNC were selected. Patients 



Page 3 of 9Calle-Peña et al. BMC Pulmonary Medicine          (2024) 24:414 

whose medical records did not contain the outcome vari-
ables of interest were excluded; those with severe chronic 
lung disease or chronic respiratory failure were also 
excluded. We excluded six patient histories whose medi-
cal records did not contain the outcome variable.

Variables
The dependent variable was treatment failure with 
HFNC, operationally defined as the presence of at least 
1 criterion: hemodynamic instability, shock, vasopressor 
requirements, PaO2/FiO2 less than 100, PaC02 greater 
than 40, increased work of breathing with paradoxical 
breathing, and persistent respiratory rate greater than or 
equal to 30 per minute.

The independent variables were: sex, age, type of 
comorbidity, oximetry on admission without oxygen 
therapy, work of breathing (WOB) scale on admission 
using variables such as respiratory rate, nasal flaring, 
use of sternocleidomastoid and abdominal muscles dur-
ing inspiration and expiration, and ranging from 1 to 7 
[17], SpO2/FiO2 on admission, relative lymphocytes, 
polymerase chain reaction (PCR), lactate dehydrogenase 
(LDH), D-dimer, glucose, type of infiltrate, and pulmo-
nary involvement. Likewise, those related to the use of 
HFNC were respiratory frequency, ROX index, WOB 
scale, arterial oxygen pressure/inspired oxygen fraction 
(PaO2/FiO2), and ratio of peripheral oxyhemoglobin 
saturation/inspired oxygen fraction (SaO2/FiO2) taken 
between 12 and 24 h after the start of HFNC use.

Procedures and techniques
The medical records of the patients included in the study 
were obtained through the institutional research and eth-
ics committee of the HAAA. After approval of the pro-
tocol, permission was obtained from the heads of the 
respective services to access the follow-up database and 
thus identify our population of interest. Subsequently, 
data collection was completed by reviewing the medi-
cal records stored in the Occupational Health and Safety 
Management System.

Data collection was carried out through continuous 
follow-up with the patients by the research team. Medical 
records were examined for risk factors, focusing on the 
outcome of interest. A data collection form was prepared, 
which included epidemiological characteristics (age, sex, 
comorbidities, respiratory rate oximetry, SpO2/FiO2, 
and WOB scale on admission), analytical (lymphocytes, 
C-reactive protein, lactate dehydrogenase, D-dimer, glu-
cose, type of infiltrate, and pulmonary involvement), 
and related to the use of HFNC (respiratory frequency, 
ROX index, WOB scale, PaO2/fiO2, SatO2/FiO2) of the 
patient.

The primary outcome evaluated was HFNC device fail-
ure, and the secondary outcome was mortality, which is 
not detailed in this study.

Data analysis plan
The data were entered and analyzed using Stata version 
17.0. To describe the sociodemographic and clinical 
characteristics of the patients, tables of absolute and rela-
tive percentage frequencies were prepared. To measure 
the delay time in the use of high-flow devices, statistical 
measures of central tendency and dispersion were used. 
A bivariate analysis was performed using chi-square and 
Fisher’s exact tests according to criteria, the Student’s 
t-test, and Mann-Whitney U tests according to normal-
ity, in addition to relative risk and 95% confidence inter-
vals with a p < 0.05. Finally, to evaluate the association 
between clinical-epidemiological factors and failure of 
HFNC, which translates as mechanical ventilation crite-
ria, a multivariate Poisson regression analysis with robust 
variance was performed. The risk ratio (RR) and 95% 
confidence intervals (95%CI) were estimated. Collinearity 
was evaluated in the variables of interest.

Ethical considerations
The present research was approved by the ethics commit-
tee of the Faculty of Human Medicine of the Universidad 
de San Martín de Porres (No. 0103–2024 – CIEI-FMH- 
USMP). Additionally, it was approved by the HAAA 
research committee (CIEI-RPLAMB. Nº056). The infor-
mation obtained was used only for research purposes, so 
strict confidentiality measures were taken to protect the 
identity of our study group. Since the information was 
obtained from the patients’ medical records and there 
was no direct contact with them, the ethics commit-
tee determined that it was not necessary to obtain their 
informed consent.

Results
Characteristics of the HFNC user population
The sample consisted of 156 patient histories of COVID-
19 users of HFNC. Table  1 shows that among the epi-
demiological characteristics, the minimum age was 
23 years and the maximum was 93 years. The patients 
older than 60 years were 77 (49.3%); an association was 
found between age older than 60 years and HFNC failure 
(p < 0.0001). Among the comorbidities, we found 2/156 
patients with cardiovascular disease, 1/156 with COPD/
DPID (chronic obstructive pulmonary disease/diffuse 
interstitial lung disease), 4/156 with cancer, 4/156 with 
cirrhosis, and 5/156 with ESRD (chronic end-stage renal 
disease).

With respect to clinical characteristics, dyspnea was 
present in 85.8% of the patients and in 69.2% of those 
with HFNC failure. At hospital admission, the values for 
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respiratory rate were a minimum of 18 and a maximum 
of 89/min; for the WOB scale, a minimum of one point 
and a maximum of six points; and for SpO2/FiO2, a min-
imum of 42 and a maximum of 260, respectively. A statis-
tical association was found between the WOB scale and 
SpO2/FiO2 on admission with HFNC failure.

The mean hospital stay prior to the use of HFNC was 
2.6 ± 2.3 days, with a minimum of one day and a maxi-
mum of 20 days. Table  2 shows the laboratory tests 
performed at hospital admission. The minimum lym-
phocyte value was found to be 1, and the maximum was 

45%. Patients with PCR ≥ 10  mg/dl were 50.88% (range: 
0.3–154), LDH ≥ 450 was found in 70.37% (range: 266–
1128), D-dimer ≥ 0.5ng/dl in 85.12% (range: 0.25-29), and 
glucose with values from 71 to 179  mg/dl in 85.31% of 
patients (range: 11–735). Of all the variables described, 
significant differences were only found with relative 
lymphocytes (p < 0.031), PCR (p < 0.021), and D-dimer 
(p < 0.0001).

Table 1  Epidemiological characteristics of patients with COVID-19 users of HFNC according to device failure
Variable n

(156)
Failure of the HFNC p-value
Yes No

Age 58.4 ± 12.9 ** 61.5 ± 12.0** 51.8 ± 12.6** < 0.001a

Sex
Male 99(63.5) * 67(67.7) * 32(32.3) * 0.746a

Female 57(36.5) * 40(70.2) * 17(29.8) *
Comorbidity
HTA 46(29.7) * 36(78.3) * 10(21.7) * 0.086a

Obesity 27(17.3) * 18(66.7) * 9(33.3) * 0.813a

Diabetes Mellitus type 2 33(21.2) * 24(72.7) * 9(27.3) * 0.564a

Oximetry admission without oxygen therapy (%)¥ 88.5 (82–90) ** 88 (81–90)** 89 (86–91) ** 0.399a

Respiratory frequency at admission
(respirations/minute) ¥

26 (24–30)** 26 (24–30)** 25 (22–32) ** 0.509a

WOB scale at admission
4–6 points 68 (54.4) * 53 (60.1) * 15 (39.5) * 0.027
SpO2/FiO2 at admission
< 160
≥ 160

101.5 (96–105)
141(92.8) *
11(7.2) *

100 (93–104) **
103(73.1) *
2(18.2) *

105 (101–112)**
38 (26.9)
9(81.8)

0.001a

0.013a

*Absolute and relative frequency, **mean and standard deviation, and/or median and interquartile range, ap-values were calculated using the χ² test, Fisher’s 
exact test, Student’s t-test, and Mann-Whitney U test, as appropriate. ¥ It details missing values in variables such as time of illness, admission saturation, respiratory 
frequency (RF), work of breathing (WOB) scale, ratio of peripheral oxyhemoglobin saturation/inspired oxygen fraction (SaO2/FiO2), and arterial hypertension (HTA)

Table 2  Radiologic and laboratory variables according to HFNC failure
Variable N (156) Failure of the HFNC p-value a

Yes No
Type of infiltrate ¥

Tarnished glass 22(14.10) * 11(50) * 11(50) * 0.193
Cobblestone 2(1.28) * 1(50) * 1(50) *
Consolidation 9(5.77) * 6(66.7) * 3(33.3) *
Mixed 22(14.10) * 6(27.3) * 16(72.7) *
Commitment ¥

Mild 4(5.33) * 1(25) * 3(75) * 0.04
Moderate 22(29.33) * 9(40.9) * 13(59.1) *
Severe 49(65.33) * 33(67.3) * 16(32.7) *
Analytics ¥

Lymphocytes (%) 8 (5-13.9) 6.8 (4.8–10) 14.2 (8.2–19.2) < 0.0001
PCR (mg/dl) 10.2 (2.6–18.5) 12.5 (5.8–23.8) 7.2 (4.1–12.7) 0.003
LDH (mg/dl) 639.1 ± 224.0 666.9 ± 240.2 583.6 ± 189.9 0.442
D-dimer (ug/ml) 1.22 (0.6–2.56) ** 1.35 (0.78–3.09 ** 0.6 (0.45–2.07) ** 0.024
Glucose (mg/dl) 98 (83–125) ** 99 (85–130) ** 94 (80–113) ** 0.100
* Absolute and relative frequency; ** mean and standard deviation, and/or median and interquartile range; p-values were calculated using the χ² test, Fisher’s exact 
test, Student’s t test, and Mann-Whitney U test, as appropriate; polymerase chain reaction (PCR); lactate dehydrogenase (LDH); ¥ Missing values for all laboratory 
and imaging variables are detailed
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Clinical results of treatment with HFNC
Table 3 shows the oxygen parameters 12–24 h after start-
ing HFNC. We found that patients with a respiratory 
frequency higher than 20 breaths/min were 74.83% (val-
ues between 16 and 50); in addition, in HFNC users, we 
found PaO2/FiO2 values < 100 in 59.38% (values between 
42 and 377), SaO2/FiO2 lower than 160 in 89.74% (val-
ues between 32 and 317), and a ROX index lower than 
3.88 in 99.3% (values between 1.06 and 23). A statisti-
cal association was found between HFNC failure and 
WOB scale > = 4 points (p < 0.027), PaO2/FiO2 < 100 
(p < 0.0001), SaO2/FiO2 < 160 (p < 0.0001), and ROX 
index < 3.85 (p < 0.0001).

The ventilatory support time with HFNC was 7.0 ± 5.8 
days, and the initial device flow was 60 (50–70) liters/
minute. We found that 106 patients (68.4%) had HFNC 
failure at 12 to 24 h.

Multivariate model
Three prognostic models were initially created. The first 
model included epidemiological variables: age > 60 [RR 
1.65 (1.31–2.08)], WOB scale on admission [RR 1.06 
(0.99–1.14)] (p = 0.08), and SaO2/FiO2 on admission 
[RR 0.98 (0.98–0.99)]. The second with analytical vari-
ables: PCR > = 10 mg/dl [RR 1.24 (0.94–1.65)] (p = 0.125), 
relative lymphocytes [RR 1.49 (1.04–2.14)]; the rest of 
the variables were not considered due to missing data 
greater than 20%. The third has variables related to treat-
ment with HFNC at 12–24 h: PaO2/FiO2 [RR 1.73 (1.09–
2.75)], ROX index [RR 1.11 (0.89–1.39)] (p = 0.32), SaO2/
FiO2 [RR 0.78 (0.31–1.96)] (p = 0.59), and the WOB scale 

[RR 1.21 (0.89–1.66)] (p = 0.22). Measurement param-
eters such as the SaO2/FiO2 and the WOB scale have 
similarities in their measurement sub-variables.

Based on that, a final model was constructed, taking 
into account that the numerical variables were catego-
rized based on the literature and in a linear sense. In the 
final prognostic model, we found that age > = 60 years 
[Rra 1.39 (1.05–1.85)] and a minimally significant PaO2/
FiO2 score less than 100 [Rra 1.65 (0.99–2.76)] predicted 
treatment failure with a high-flow device and therefore 
the need for invasive mechanical ventilation (Table 4).

Discussion
The role of HFNC in respiratory failure by COVID-19
Oxygen therapy is one of the fundamental pillars in the 
therapy of critically ill patients with respiratory diseases; 
however, conventional systems do not have adequate 
heating, humidification, or a reliable fraction of inspired 
oxygen. [18, 19]. HFNC is a noninvasive ventilation sys-
tem that has become one of the main strategies for nonin-
vasive ventilatory support in acute hypoxemic respiratory 
failure, mainly in the context of the COVID-19 pandemic 
[20]. It has several advantages, such as high FiO2 delivery, 
low positive pressure levels, inspiratory pressure reduc-
tion, humidified ventilatory support, and optimization 
of mucociliary function. It can also decrease dead space, 
leading to decreased respiratory rate and effort [20–22]; 
however, its effects on dyspnea reduction are still debated 
among studies pre-pandemic [23].

Table 3  Clinical outcomes in patients with high-flow cannula use according to HFNC failure criteria
Variable n Failure of the HFNC p-value

Yes No
Respiratory rate with HFNC (respirations / minute) 24 (20–30) ** 28 (22–30) ** 22 (20–24) ** 0.085a

WOB scale with HFNC
4–6 points¥

57.5 ± 15.1 ** 59.6 ± 14.6 ** 51.6 ± 15.0 ** 0.018a

PaO2/FiO2 with HFNC ¥ 88 (65.5–121) ** 72.6 (62–100) ** 121 (103–159) ** < 0.0001a

SaO2/FiO2 with HFNC 103 (93.5-125.5) ** 98 (90–107)** 118 (106–158)** < 0.0001a

ROX index¥ 4.4 (3.23–5.83) ** 3.99 (3-4.6) ** 6 (4.92–7.79) ** < 0.0001a

** Standard deviation; *mean and percentage; p-values were calculated using the χ² test, Fisher’s exact test, Student’s t test, and Mann-Whitney U test, as appropriate; 
work of breathing (WOB) scale; ratio of peripheral oxyhemoglobin saturation/inspired oxygen fraction (SaO2/FiO2); arterial oxygen pressure / inspired oxygen 
fraction (PaO2/FiO2); and high flow nasal cannula (HFNC). ¥ Missing values in variables such as ROX index, WOB scale, and PaO2/fiO2 are detailed

Table 4  Multivariate analysis
Failure of the HFNC Adjusted risk ratio

(rRa)
p-value [95% confidence interval]

Age > = 60 years 1.39 0.023 1.05 1.85
WOB scale at admission 1.28 0.170 1.05 1.81
Lymphocytes < = 10% 1.35 0.09 0.95 1.91
PaO2/FiO2 with HFNC
< 100

1.65 0.056 0.99 2.76

ROX index with HFNC
< 3.85

1.11 0.96 0.89 1.41

Poisson regression model with adjusted risk ratio at p < 0.05, HFNC: high-flow nasal cannula, WOB scale: work of breathing
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Evaluation of the predictive model for HFNC failure
In the present study, we found a HFNC failure rate of 
68.4%. This is related to other studies where it ranges 
between 32 and 53% with maximums of 92% [11]. In 
addition, Pisciotta W et al. in a systematic review found 
failure rates between 11 and 69.3% with the use of HFNC 
[24] and Wang et al. in another systematic review found 
failure rates in those with PaO2/FiO2 < 200 between 
34 and 54% and values of 0–43% in those with PaO2/
FiO2 > 20 [25]. While Cárcamo P et al. in the Peru-
vian population who used HFNC found device failure 
in 29.7%, these results do not coincide with our study, 
probably because in the population evaluated, 68% were 
under 60 years of age, while in our study and the rest of 
the detailed investigations the average age was 55–65 
years, so we assume other factors such as comorbidities 
and frailty could also be present.

In addition, it was shown that of the 156 hospitalized 
patients using HFNC, age greater than 60 years and mini-
mally significantly lower PaO2/FiO2 than 100 predicted 
HFNC failure.

This model is contradicted by other studies, such as 
that of Panadero C. et al. in Spain, where HFNC failure 
was associated with a ROX index lower than 4.94 mea-
sured 2 to 6 h after initiation of therapy [8]. Although the 
ROX index has been considered a predictor of HFNC 
failure in patients with COVID-19, with a high sensitiv-
ity and specificity even for lower values, without being 
affected by comorbidity, age, or blood tests [26], it should 
be measured between 2 and 6 h after the start of the oxy-
gen therapy modality to predict the need for IMV [11]. 
However, values close to 5 at 24  h may also predict the 
failure of HFNC [26]. Our measurement value was 3.88 
and was measured between 12 and 24 h after the initia-
tion of HFNC, in many cases because no protocol for the 
management of these patients was followed.

Other models, such as that of Nevola et al. in their 
prospective study, found that the predictors of NIV/con-
tinuous positive airway pressure failure, defined as rate 
of orotracheal intubation and death, were advanced age 
and the need for continuous ventilation over intermit-
tent ventilation [27]. Innocenti et al. found in their retro-
spective study that predictors of NIV failure (orotracheal 
intubation or mortality) assessed previously and up to 
day 5 of treatment were a HACOR scale score > 5 points, 
ROX index, and PaO2/FiO2 [16]. Although we see vari-
ables in common within the predictive models of these 
studies with a similar population size, it should be con-
sidered that the outcomes were not only the failure of the 
high-flow device, and additionally, the types of devices 
used as NIV were different.

Evaluation of the variables in the predictive model
Our model found that an important factor leading to the 
failure of HFNC is age, which could be explained by the 
fact that in aging, a state of chronic mild inflammation 
occurs involving various tissues and organs and is charac-
terized by a complex balance between proinflammatory 
and anti-inflammatory responses [28]. Akbar AN. et al. 
demonstrated that the presence of excessive inflamma-
tion can inhibit immunity in both animals and humans 
[29]. Liu L. et al. also found in their retrospective study 
that increasing age is a risk factor for failure of noninva-
sive devices such as HFNC [30]. In addition, other studies 
show that older age increases mortality [31–33]. How-
ever, Ruiz A. et al. reported that they found no statisti-
cally significant differences with age [34], as did Zúñiga 
J. et al. [35]. This is probably because the aforementioned 
studies were performed with a smaller population, and 
our study had an average population age of 58.4 years.

Among other important data found in this research, 
the PaO2/FiO2 variable stands out, since with a value less 
than 100, it showed a minimally significant prediction 
with the criterion of HFNC failure, which agrees with the 
research. Nevola et al., in their prospective study, dem-
onstrated that the initiation of NIV in patients with mild-
moderate ARDS (PaO2/FiO2 < 200) improved survival in 
comparison with patients with severe ARDS [27]. Wang 
et al. found that of the 17 patients who used HFNC, 7 
patients presented failure, significantly correlating those 
with PaO2/FiO2 ≤ 200 mm Hg [14], as did the retrospec-
tive cohort study published by Delbove et al. in France, 
where they found a significant association between sever-
ity of ARDS by COVID-19 and PaO2/FiO2 < 150 [13]. 
Similarly, Zúñiga J. demonstrated that at 72 h of HFNC 
use, failure was found with a PaO2/FiO2 in the range of 
severe ARDS [35]. It has been shown that the efficacy of 
HFNC is lower with PaO2/FiO2 < 200 [36], and although 
our study demonstrates this in a minimally significant 
way, it is likely that a larger population is required for the 
study of all the variables involved. In addition, the timing 
of PaO2/FiO2 value collection between 12 and 24 h after 
the initial use of the device could also play a role in its 
assessment.

Other variables possibly associated
In our study, we found no relationship between ROX 
index and HFNC failure in multivariate analysis, which 
could be explained because ROX index was not measured 
at 2, 6, and 12 h as appropriate. I agree with Ait Hamou 
Z. et al., who reported that the ROX index could not reli-
ably predict HFNC failure with an area under the ROC 
curve of 0.65 [37]. In contrast, many studies found that 
this variable does relate to the success or failure of the 
high-flow device, such as Patel et al. in 2021, who demon-
strated that an ROX index value of less than 5 at the onset 
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of HFNC suggested progression to IMV; furthermore, 
any further decrease in the ROX index value after the 
onset of HFNC was predictive of intubation [38]. Simi-
larly, Chandel et al., concurring with Patel’s study, found 
that a ROX index > 3.0 at 2, 6, and 12 h after the onset of 
HFNC has a sensitivity of 85.3% for identifying the sub-
sequent success of HFNC [39]. Romero I. identified the 
12-hour ROX index as the best predictor of failure, with 
an area under the curve of 0.75 (0.64–0.85) and a cutoff 
point of 6.23 as the best predictor of intubation [40].

Although the assessment of SpO2/FiO2 and the WOB 
scale as a measure of respiratory effort prior to HFNC 
use has not been detailed in previous studies, we were 
able to find a statistical association that could not be 
clinically assessed in multivariate analysis. This is also 
demonstrated by Innocenti et al., in whose retrospective 
study it could not be determined that oxygenatory mea-
sures prior to HFNC use, such as PaO2/FiO2, HACOR, 
were associated with failure to use the device [16]. And 
although SaO2/FiO2 < 160, WOB scale > = 4 points mea-
sured at 12 to 24  h after HFNC use found significant 
association, they were not considered for multivariate 
analysis because they were variables that presented sub-
variables in common. However, Iglesias A., in his ret-
rospective cohort, found that SpO2/FiO2 proved to be 
a better method of diagnostic accuracy than the ROX 
index for predicting the use of IMV [41].

Arterial hypertension is recognized as the leading 
cause of preventable mortality worldwide [42]. Arterial 
hypertension affects more than 1  billion people world-
wide, mostly those in middle- and low-income countries 
[31]. The results of our study show that a large percentage 
of patients are hypertensive (46%); however, in the bivari-
ate and multivariate analyses, no association with HFNC 
failure was found. Zhou F. et al. presented similar results, 
where arterial hypertension was the most frequent 
comorbidity (30%), followed by diabetes (19%) [31]. How-
ever, the frequency is less than that reported in other 
studies, such as that of Delgado K. et al., who reported 
that hypertensive patients accounted for more than half 
(60%) [43], although no association was found in the pre-
dictive models with device failure in these patients, high-
lighting more other oxygenation parameters and age.

Clinical implications
Although a systematic review based on clinical trials and 
observational studies shows the benefits of the use of 
HFNC in patients with COVID-19 versus conventional 
therapy in the outcome evaluated as intubation rate or 
device failure [44], our study provides information based 
on the management of these patients during the second 
wave of the pandemic in Peru and helps us to understand 
the need to establish protocols and assess strict follow-up 
of the use of these devices, taking into account the factors 

that predict their failure. This may also help us promote 
their use in the management of other respiratory pathol-
ogies outside the context of the pandemic. Studies with a 
larger sample size, including populations with or without 
multimorbidity, with or without other strategies such as 
prone, which were not evaluated in this study, are needed 
to analyze the effectiveness of HFNC and to measure dif-
ferent outcomes such as length of stay in the ICU, days 
free of mechanical ventilation, or mortality, which are 
detailed in other studies and are important at the level of 
care [25, 45].

Strengths of the study
The study shows the characteristics of the Peruvian pop-
ulation with COVID-19 infection that received oxygen 
therapy through HFNC during the second wave of the 
pandemic and is one of the few studies that analyzes the 
factors associated with the failure of the use of this device 
in this population, where the lethality was between 40 
and 46% during the first two waves [46, 47]. In addition, 
our study includes an analysis of several clinical and labo-
ratory variables and oxygenation parameters during fol-
low-up, thus allowing us to evaluate the implications of 
these variables through multivariate analysis.

Limitations of the study
Regarding the limitations of this study, we should high-
light that it is a retrospective single-center investigation 
that included a limited number of patients and clinical 
histories with incomplete data on some variables of inter-
est, which may generate selection biases, and also that it 
is not possible to generalize the results of the study. In 
addition, the variables were not measured at a specific 
time, so the assessments were made between 12 and 24 h 
after the use of HFNC. Additionally, the sampling was 
non-probabilistic, which may affect the internal validity 
of this study. Additionally, other therapeutic strategies 
such as prone that are protocolized in the management 
of patients with severe disease and HFNC users were not 
considered, which could generate confounding bias [48].

Conclusions
Our study found that in a Peruvian population, predic-
tors of HFNC failure in patients with COVID-19 hospi-
talized during the second wave of the pandemic were age 
greater than 60 years and a minimally significant PaO2/
FiO2 less than 100.

Acknowledgements
None.

Author contributions
Conceptualization, S.T.C.P. and E.D.D.T.; methodology, E.A.M., D.A.L.F. and 
M.J.V.G.; software, E.A.M. and D.A.L.F.; validation, E.A.M. and S.T.C.P.; formal 
analysis, E.A.M. and E.D.D.T.; investigation, S.T.C.P. and E.D.D.T.; resources, E.A.M., 
D.A.L.F. and M.J.V.G.; data curation, S.T.C.P. and E.D.D.T.; writing—original draft 



Page 8 of 9Calle-Peña et al. BMC Pulmonary Medicine          (2024) 24:414 

preparation, S.T.C.P., E.D.D.T., E.A.M., D.A.L.F. and M.J.V.G.; writing—review and 
editing, S.T.C.P., E.D.D.T., E.A.M., D.A.L.F. and M.J.V.G.; visualization, S.T.C.P. and 
E.D.D.T.; supervision, M.J.V.G.; project administration, E.A.M. All authors have 
read and agreed to the published version of the manuscript.

Funding
This research is self-financed.

Data availability
Data sets generated and/or analyzed during the present study are not publicly 
available because they contain information that could compromise the 
privacy of research participants, but they are available from the corresponding 
author upon reasonable request.

Declarations

Ethics approval and consent to participate
The present research was approved by the ethics committee of the Faculty of 
Human Medicine of the Universidad de San Martín de Porres (No. 0103–2024 
- CIEI - FMH - USMP). Since the information was obtained from the patient’s 
medical records and there was no direct contact with them, the ethics 
committee determined that it was not necessary to obtain their informed 
consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 22 May 2024 / Accepted: 21 August 2024

References
1.	 Patel M, Shahjin F, Cohen JD, Hasan M, Machhi J, Chugh H, et al. The 

immunopathobiology of SARS-CoV-2 infection. FEMS Microbiol Rev. 
2021;45(6):fuab035. https://doi.org/10.1093/femsre/fuab035.

2.	 Datadot [Internet]. COVID-19 deaths | WHO COVID-19 dashboard. Available 
online: http://data.who.int/dashboards/covid19/cases (accessed on 6 April 
2024).

3.	 Covid 19 en el Perú. - Ministerio del Salud [Internet]. Available online: https://
covid19.minsa.gob.pe/sala_situacional.asp (accessed on 6 April 2024).

4.	 Castañeda-Sabogal A, Rivera-Ramírez P, Espinoza-Rivera S, León-Figueroa DA, 
Moreno-Ramos E, Barboza JJ. Modelos predictivos de ingreso a la unidad 
de cuidados intensivos en pacientes con covid-19: revisión sistemática. Rev 
Cuerpo Méd Hosp Nac Almanzor Aguinaga Asenjo. 2022;15(Supl 1). https://
doi.org/10.35434/rcmhnaaa.2022.15Supl.

5.	 Cascella M, Rajnik M, Aleem A, Dulebohn SC, Di Napoli R, Features. Evaluation, 
and Treatment of Coronavirus (COVID-19). En: StatPearls. Treasure Island (FL): 
StatPearls Publishing; 2024. Available online: http://www.ncbi.nlm.nih.gov/
books/NBK554776/

6.	 Alhazzani W, Evans L, Alshamsi F, Møller MH, Ostermann M, Prescott HC, et 
al. Surviving Sepsis Campaign guidelines on the management of adults with 
Coronavirus Disease 2019 (COVID-19) in the ICU: first update. Crit Care Med. 
2021;49(3):e219–34. https://doi.org/10.1097/CCM.0000000000004899.

7.	 Mellado-Artigas R, Mujica LE, Ruiz ML, Ferreyro BL, Angriman F, Arruti E, et 
al. Predictors of failure with high-flow nasal oxygen therapy in COVID-19 
patients with acute respiratory failure: a multicenter observational study. J 
Intensive Care. 2021;9(1):23. https://doi.org/10.1186/s40560-021-00538-8.

8.	 Panadero C, Abad-Fernández A, Rio-Ramirez MT, Acosta Gutierrez CM, 
Calderon-Alcala M, Lopez-Riolobos C, et al. High-flow nasal cannula for Acute 
Respiratory Distress Syndrome (ARDS) due to COVID-19. Multidiscip Respir 
Med. 2020;15(1):693. https://doi.org/10.4081/mrm.2020.693.

9.	 Michels JD, Meis J, Sturm N, Bornitz F, von Schumann S, Weis A, et al. 
Prevention of invasive ventilation (PRiVENT)-a prospective, mixed-methods 
interventional, multicentre study with a parallel comparison group: study 
protocol. BMC Health Serv Res. 2023;23(1):305. https://doi.org/10.1186/
s12913-023-09283-0.

10.	 Crimi C, Noto A, Cortegiani A, Impellizzeri P, Elliott M, Ambrosino N, et al. 
Noninvasive respiratory support in acute hypoxemic respiratory failure 
associated with COVID-19 and other viral infections. Minerva Anestesiol. 
2020;86(11):1190–204. https://doi.org/10.23736/S0375-9393.20.14785-0.

11.	 Paraskevas T, Oikonomou E, Lagadinou M, Karamouzos V, Zareifopoulos N, 
Spyropoulou D, et al. The role of high Flow Nasal Oxygen in the management 
of severe COVID-19: a systematic review. Acta Médica Port. 2022;35(6):476–
83. https://doi.org/10.20344/amp.16686.

12.	 Crimi C, Noto A, Madotto F, Ippolito M, Nolasco S, Campisi R, et al. High-flow 
nasal oxygen versus conventional oxygen therapy in patients with COVID-19 
pneumonia and mild hypoxaemia: a randomised controlled trial. Thorax. 
2023;78(4):354–61. https://doi.org/10.1136/thoraxjnl-2022-218806.

13.	 Delbove A, Foubert A, Mateos F, Guy T, Gousseff M. High flow nasal can-
nula oxygenation in COVID-19 related acute respiratory distress syn-
drome: a safe way to avoid endotracheal intubation? Ther Adv Respir Dis. 
2021;15:17534666211019555. https://doi.org/10.1177/17534666211019555.

14.	 Wang K, Zhao W, Li J, Shu W, Duan J. The experience of high-flow nasal can-
nula in hospitalized patients with 2019 novel coronavirus-infected pneumo-
nia in two hospitals of Chongqing, China. Ann Intensive Care. 2020;10(1):37. 
https://doi.org/10.1186/s13613-020-00653-z.

15.	 Garner O, Dongarwar D, Salihu HM, Barrantes Perez JH, Abraham J, McBride 
C, et al. Predictors of failure of high flow nasal cannula failure in acute 
hypoxemic respiratory failure due to COVID-19. Respir Med. 2021;185:106474. 
https://doi.org/10.1016/j.rmed.2021.106474.

16.	 Innocenti F, Lazzari C, Paolucci E, De Paris A, Lagomarsini A, Guerra F, et al. 
Role of prognostic scores in predicting in-hospital mortality and failure 
of non-invasive ventilation in adults with COVID-19. Intern Emerg Med. 
2022;17(8):2367–77. https://doi.org/10.1007/s11739-022-03058-x.

17.	 Apigo M, Schechtman J, Dhliwayo N, Al Tameemi M, Gazmuri RJ. Develop-
ment of a work of breathing scale and monitoring need of intubation in 
COVID-19 pneumonia. Crit Care Lond Engl. 2020;24(1):477. https://doi.
org/10.1186/s13054-020-03176-y.

18.	 Young PJ, Frei D. Oxygen therapy for critically ill and post-operative patients. J 
Anesth. 2021;35(6):928–38. https://doi.org/10.1007/s00540-021-02996-8.

19.	 O’Driscoll BR, Howard LS, Earis J, Mak V, British Thoracic Society Emergency 
Oxygen Guideline Group, BTS Emergency Oxygen Guideline Development 
Group. BTS guideline for oxygen use in adults in healthcare and emer-
gency settings. Thorax. 2017;72(Suppl 1):ii1–90. https://doi.org/10.1136/
thoraxjnl-2016-209729.

20.	 Frat JP, Marchasson L, Arrivé F, Coudroy R. High-flow nasal cannula oxygen 
therapy in acute hypoxemic respiratory failure and COVID-19-related 
respiratory failure. J Intensive Med. 2023;3(1):20–6. https://doi.org/10.1016/j.
jointm.2022.07.005.

21.	 Long B, Liang SY, Lentz S. High flow nasal cannula for adult acute hypoxemic 
respiratory failure in the ED setting. Am J Emerg Med. 2021;49:352–9. https://
doi.org/10.1016/j.ajem.2021.06.074.

22.	 Crimi C, Pierucci P, Renda T, Pisani L, Carlucci A. High-Flow nasal cannula 
and COVID-19: a clinical review. Respir Care. 2022;67(2):227–40. https://doi.
org/10.4187/respcare.09056.

23.	 Cortegiani A, Crimi C, Noto A, Helviz Y, Giarratano A, Gregoretti C, et al. Effect 
of high-flow nasal therapy on dyspnea, comfort, and respiratory rate. Crit 
Care Lond Engl. 2019;23(1):201. https://doi.org/10.1186/s13054-019-2473-y.

24.	 Pisciotta W, Passannante A, Arina P, Alotaibi K, Ambler G, Arulkumaran N. 
High-flow nasal oxygen versus conventional oxygen therapy and noninvasive 
ventilation in COVID-19 respiratory failure: a systematic review and network 
meta-analysis of randomised controlled trials. Br J Anaesth. 2024;132(5):936–
44. https://doi.org/10.1016/j.bja.2023.12.022.

25.	 Wang JC, Peng Y, Dai B, Hou HJ, Zhao HW, Wang W, et al. Com-
parison between high-flow nasal cannula and conventional oxygen 
therapy in COVID-19 patients: a systematic review and meta-anal-
ysis. Ther Adv Respir Dis. 2024;18:17534666231225323. https://doi.
org/10.1177/17534666231225323.

26.	 Prakash J, Bhattacharya PK, Yadav AK, Kumar A, Tudu LC, Prasad K. ROX index 
as a good predictor of high flow nasal cannula failure in COVID-19 patients 
with acute hypoxemic respiratory failure: a systematic review and meta-
analysis. J Crit Care. 2021;66:102–8. https://doi.org/10.1016/j.jcrc.2021.08.012.

27.	 Nevola R, Russo A, Scuotto S, Imbriani S, Aprea C, Abitabile M, et al. Non-
invasive respiratory support in SARS-CoV-2 related acute respiratory distress 
syndrome: when is it most appropriate to start treatment? Respir Res. 
2022;23(1):327. https://doi.org/10.1186/s12931-022-02258-5.

https://doi.org/10.1093/femsre/fuab035
http://data.who.int/dashboards/covid19/cases
https://covid19.minsa.gob.pe/sala_situacional.asp
https://covid19.minsa.gob.pe/sala_situacional.asp
https://doi.org/10.35434/rcmhnaaa.2022.15Supl
https://doi.org/10.35434/rcmhnaaa.2022.15Supl
http://www.ncbi.nlm.nih.gov/books/NBK554776/
http://www.ncbi.nlm.nih.gov/books/NBK554776/
https://doi.org/10.1097/CCM.0000000000004899
https://doi.org/10.1186/s40560-021-00538-8
https://doi.org/10.4081/mrm.2020.693
https://doi.org/10.1186/s12913-023-09283-0
https://doi.org/10.1186/s12913-023-09283-0
https://doi.org/10.23736/S0375-9393.20.14785-0
https://doi.org/10.20344/amp.16686
https://doi.org/10.1136/thoraxjnl-2022-218806
https://doi.org/10.1177/17534666211019555
https://doi.org/10.1186/s13613-020-00653-z
https://doi.org/10.1016/j.rmed.2021.106474
https://doi.org/10.1007/s11739-022-03058-x
https://doi.org/10.1186/s13054-020-03176-y
https://doi.org/10.1186/s13054-020-03176-y
https://doi.org/10.1007/s00540-021-02996-8
https://doi.org/10.1136/thoraxjnl-2016-209729
https://doi.org/10.1136/thoraxjnl-2016-209729
https://doi.org/10.1016/j.jointm.2022.07.005
https://doi.org/10.1016/j.jointm.2022.07.005
https://doi.org/10.1016/j.ajem.2021.06.074
https://doi.org/10.1016/j.ajem.2021.06.074
https://doi.org/10.4187/respcare.09056
https://doi.org/10.4187/respcare.09056
https://doi.org/10.1186/s13054-019-2473-y
https://doi.org/10.1016/j.bja.2023.12.022
https://doi.org/10.1177/17534666231225323
https://doi.org/10.1177/17534666231225323
https://doi.org/10.1016/j.jcrc.2021.08.012
https://doi.org/10.1186/s12931-022-02258-5


Page 9 of 9Calle-Peña et al. BMC Pulmonary Medicine          (2024) 24:414 

28.	 Franceschi C, Garagnani P, Vitale G, Capri M, Salvioli S. Inflammaging and 
«Garb-aging». Trends Endocrinol Metab TEM. 2017;28(3):199–212. https://doi.
org/10.1016/j.tem.2016.09.005.

29.	 Akbar AN, Gilroy DW. Aging immunity may exacerbate COVID-19. Science. 
2020;369(6501):256–7. https://doi.org/10.1126/science.abb0762.

30.	 Liu L, Xie J, Wu W, Chen H, Li S, He H, et al. A simple nomogram for predicting 
failure of non-invasive respiratory strategies in adults with COVID-19: a retro-
spective multicentre study. Lancet Digit Health. 2021;3(3):e166–74. https://
doi.org/10.1016/S2589-7500(20)30316-2.

31.	 Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for 
mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospec-
tive cohort study. Lancet Lond Engl. 2020;395(10229):1054–62. https://doi.
org/10.1016/S0140-6736(20)30566-3.

32.	 Franco C, Facciolongo N, Tonelli R, Dongilli R, Vianello A, Pisani L, et al. Fea-
sibility and clinical impact of out-of-ICU noninvasive respiratory support in 
patients with COVID-19-related pneumonia. Eur Respir J. 2020;56(5):2002130. 
https://doi.org/10.1183/13993003.02130-2020.

33.	 Mikami T, Miyashita H, Yamada T, Harrington M, Steinberg D, Dunn A, et al. 
Risk factors for mortality in patients with COVID-19 in New York City. J Gen 
Intern Med. 2021;36(1):17–26. https://doi.org/10.1007/s11606-020-05983-z.

34.	 Artacho Ruiz R, Artacho Jurado B, Caballero Güeto F, Cano Yuste A, Durbán 
García I, García Delgado F, et al. Predictors of success of high-flow nasal can-
nula in the treatment of acute hypoxemic respiratory failure. Med Intensiva. 
2021;45(2):80–7. https://doi.org/10.1016/j.medin.2019.07.012.

35.	 Montenegro JDZ, Ramos DG, Catillo JJ, Giraldo HL, Arboleda H. Predictores 
De fracaso con cánula nasal de alto flujo de oxígeno en pacientes COVID-19. 
Rev Colomb Neumol. 2022;34(1):11–9. https://doi.org/10.30789/rcneumolo-
gia.v34.n1.2022.558.

36.	 Menga LS, Berardi C, Ruggiero E, Grieco DL, Antonelli M. Noninvasive respira-
tory support for acute respiratory failure due to COVID-19. Curr Opin Crit 
Care. 2022;28(1):25–50. https://doi.org/10.1097/MCC.0000000000000902.

37.	 Ait Hamou Z, Levy N, Charpentier J, Mira JP, Jamme M, Jozwiak M. Use 
of high-flow nasal cannula oxygen and risk factors for high-flow nasal 
cannula oxygen failure in critically-ill patients with COVID-19. Respir Res. 
2022;23(1):329. https://doi.org/10.1186/s12931-022-02231-2.

38.	 Patel M, Chowdhury J, Mills N, Marron R, Gangemi A, Dorey-Stein Z, et al. 
Utility of the ROX Index in Predicting Intubation for patients with COVID-
19-Related hypoxemic respiratory failure receiving High-Flow nasal therapy: 
Retrospective Cohort Study. JMIRx Med. 2021;2(3):e29062. https://doi.
org/10.2196/29062.

39.	 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. https://doi.org/10.4187/
respcare.08631.

40.	 Romero I, Cornú E, Pálizas F, Montesinos Guevara J, Bustamante Orellana B, 
Fiszson J. [ROX index, high-flow oxygen therapy and COVID-19 pneumonia]. 
Med (Mex). 2023;83(3):411–9.

41.	 Alberdi-Iglesias A, Martín-Rodríguez F, Ortega Rabbione G, Rubio-Babiano AI, 
Núñez-Toste MG, Sanz-García A, et al. Role of SpO2/FiO2 ratio and ROX Index 
in Predicting Early Invasive Mechanical Ventilation in COVID-19. A pragmatic, 
Retrospective, multi-center study. Biomedicines. 2021;9(8):1036. https://doi.
org/10.3390/biomedicines9081036.

42.	 Mills KT, Bundy JD, Kelly TN, Reed JE, Kearney PM, Reynolds K, et al. Global 
disparities of hypertension prevalence and control: a systematic analysis of 
Population-Based studies from 90 countries. Circulation. 2016;134(6):441–50. 
https://doi.org/10.1161/CIRCULATIONAHA.115.018912.

43.	 Guillen DKMD, Ubillús DMIC, Mendoza DAIZ, Loor DWXM, Dominguez DAPC, 
Santos DMVM. Factores asociados a la mortalidad de Los pacientes atendidos 
por covid-19 en El Servicio De Urgencias. Cienc Lat Rev Científica Multidiscip. 
2021;5(5):8799–813. https://doi.org/10.37811/cl_rcm.v5i5.955.

44.	 Li Y, Li C, Chang W, Liu L. High-flow nasal cannula reduces intubation rate in 
patients with COVID-19 with acute respiratory failure: a meta-analysis and 
systematic review. BMJ Open. 2023;13(3):e067879. https://doi.org/10.1136/
bmjopen-2022-067879.

45.	 Aguirre-Milachay E, León-Figueroa DA, Chumán-Sánchez M, Romani L, Run-
zer-Colmenares FM. Factors associated with mortality in patients hospitalized 
for COVID-19 admitted to a tertiary hospital in Lambayeque, Peru, during 
the first wave of the pandemic. PLoS ONE. 2023;18(5):e0285133. https://doi.
org/10.1371/journal.pone.0285133.

46.	 Angulo MAA, Villegas MRR, Reyna VAS. Características De pacientes hospi-
talizados con COVID-19 en la red asistencial La Libertad-EsSalud, 2020. Horiz 
Méd Lima. 2021;21(4):e1496–1496. https://doi.org/10.24265/horizmed.2021.
v21n4.04.

47.	 Murrugarra-Suarez S, Lora-Loza M, Cabrejo-Paredes J, Mucha-Hospinal L, 
Fernandez-Cosavalente H. Factores asociados a mortalidad en pacientes 
Covid-19 en Un Hospital Del norte de Perú. Rev Cuerpo Méd Hosp Nac 
Almanzor Aguinaga Asenjo. 2020;13(4):378–85. https://doi.org/10.35434/
rcmhnaaa.2020.134.773.

48.	 Li J, Luo J, Pavlov I, Perez Y, Tan W, Roca O, et al. Awake prone position-
ing for non-intubated patients with COVID-19-related acute hypoxaemic 
respiratory failure: a systematic review and meta-analysis. Lancet Respir Med. 
2022;10(6):573–83. https://doi.org/10.1016/S2213-2600(22)00043-1.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1016/j.tem.2016.09.005
https://doi.org/10.1016/j.tem.2016.09.005
https://doi.org/10.1126/science.abb0762
https://doi.org/10.1016/S2589-7500(20)30316-2
https://doi.org/10.1016/S2589-7500(20)30316-2
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1183/13993003.02130-2020
https://doi.org/10.1007/s11606-020-05983-z
https://doi.org/10.1016/j.medin.2019.07.012
https://doi.org/10.30789/rcneumologia.v34.n1.2022.558
https://doi.org/10.30789/rcneumologia.v34.n1.2022.558
https://doi.org/10.1097/MCC.0000000000000902
https://doi.org/10.1186/s12931-022-02231-2
https://doi.org/10.2196/29062
https://doi.org/10.2196/29062
https://doi.org/10.4187/respcare.08631
https://doi.org/10.4187/respcare.08631
https://doi.org/10.3390/biomedicines9081036
https://doi.org/10.3390/biomedicines9081036
https://doi.org/10.1161/CIRCULATIONAHA.115.018912
https://doi.org/10.37811/cl_rcm.v5i5.955
https://doi.org/10.1136/bmjopen-2022-067879
https://doi.org/10.1136/bmjopen-2022-067879
https://doi.org/10.1371/journal.pone.0285133
https://doi.org/10.1371/journal.pone.0285133
https://doi.org/10.24265/horizmed.2021.v21n4.04
https://doi.org/10.24265/horizmed.2021.v21n4.04
https://doi.org/10.35434/rcmhnaaa.2020.134.773
https://doi.org/10.35434/rcmhnaaa.2020.134.773
https://doi.org/10.1016/S2213-2600(22)00043-1

	﻿Predictors of high-flow nasal cannula failure in COVID-19 patients in a northern Peruvian hospital
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design, population and sample
	﻿Eligibility criteria
	﻿Variables
	﻿Procedures and techniques
	﻿Data analysis plan
	﻿Ethical considerations

	﻿Results
	﻿Characteristics of the HFNC user population
	﻿Clinical results of treatment with HFNC
	﻿Multivariate model

	﻿Discussion
	﻿The role of HFNC in respiratory failure by COVID-19
	﻿Evaluation of the predictive model for HFNC failure
	﻿Evaluation of the variables in the predictive model
	﻿Other variables possibly associated
	﻿Clinical implications
	﻿Strengths of the study
	﻿Limitations of the study

	﻿Conclusions
	﻿References


