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Abstract
The delayed prediction of high-flow nasal cannula (HFNC) failure is associated with
poor prognosis in patients with acute respiratory failure (ARF) treated with HFNCs. This
study aimed to identify the early predictors for requiring mechanical ventilation (MV) in
ARF patients treated with HFNCs. This was a single-center retrospective observational
study based on ARF patients older than 18 years, treated with HFNC, and had chest
computed tomography (CT) scans performed in the emergency department (ED) of a
tertiary hospital between July 2018 and June 2020. The demographic and laboratory
data were collected, and the cross-sectional area (CSA) of the diaphragmatic crus was
measured on the chest CT scan. Two hundred and twenty-nine patients with ARF (92
females and 137males) were treated with HFNCs during the study period and included in
this study. Twenty-five female patients (27.17%) and 32male patients (23.36%) required
subsequent intubation andMV andwere categorized as HFNC failures. Their respiratory
rate-oxygenation (ROX) indexes were acquired at two hours, and the average CSA of
the diaphragmatic crura was integrated to analyze the predictive power, which showed
good predictive accuracy in both gender groups (area under the receiver operating
characteristic curves (AUROC) for females, 0.778, and males, 0.782). The optimal ROC
curve cutoff point for the average CSA of the diaphragmatic crus was estimated to be
1.48 cm2 in female patients and 1.64 cm2 in male patients. Altogether, these results
indicated that the CSA measurement of the diaphragmatic crus on CT in ARF patients
might help predict the risk of HFNC failure.
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1. Introduction

Dyspnea is defined as the subjective experience of various
intensities of breathing discomfort with qualitatively distinc-
tive sensations [1]. It has been observed in various diseases
and is often associated with heart and respiratory diseases.
Dyspnea is also one of the most common andmajor complaints
of patients who visit the emergency department (ED) [2].
Acute respiratory failure (ARF) is the occurrence of hy-

poxia, with or without hypercapnia, due to the acute impair-
ment of gas exchange between the lungs and blood. Rapid
oxygenation is essential for maintaining adequate oxygenation
in tissues during ARF. The conventional methods of oxygen
delivery include nasal prongs and face masks. However,
oxygen delivered via these conventional methods might often
be insufficient for ARF patients [3].
The heated humidified high-flow nasal cannula therapy

(HFNC) is a safe and useful treatment recently developed for
ARF patients [4]. HFNC can continuously provide a high
flow rate of fresh gas breathing mixture to generate expiratory
resistance. Due to high flows that meet patients’ needs,
oxygen dilution is decreased, giving an accurate fraction,
reducing the respiratory dead space, and creating a positive
airway pressure. The fraction of inspired oxygen (FiO2) can
be adjusted by changing the oxygen fraction in the driving gas
[5–9].

However, one of the most difficult decisions in ARF patient
care is deciding when to switch from spontaneous respiratory
oxygen therapy to invasive mechanical ventilation (MV) [10].
A recent study reported that rapid intubation within 48 hours
of HFNC treatment failure was associated with reduced overall
intensive care unit (ICU) mortality [11]. Therefore, it is
particularly important to quickly predict the need for MV
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application in patients with ARF.
The respiratory rate-oxygenation (ROX) index can predict

HFNC failure based on the ratio of SpO2/FiO2 to respiratory
rate (RR). RR is used as the denominator because it has an
inverse association with HFNC success [4]. Thus, a faster RR
is correlated to a higher probability of HFNC treatment failure.
However, it should also be noted that excessive breathing effort
could deplete the strength and endurance of the respiratory
muscles and causes fatigue and respiratory failure [12].
Previously, researchers have tried to identify ways to mea-

sure the function of the respiratory muscles. In this regard,
measuring the sniff nasal inspiratory pressure (SNIP) and max-
imum inspiratory pressure (MIP) were proposed and are com-
monly used because they can effectively recognize a decrease
in respiratory muscle function [13]. However, these tools are
not suitable for the ED. Comparatively, computed tomography
(CT) is suitable for the ED as it allows cross-sectional area
(CSA) measurements and can be used to objectively perform
quantitative evaluations. The diaphragm is the main muscle
of inspiration and performs the essential functions required to
maintain adequate ventilation, especially in elevated respira-
tory loads [14]. Therefore, in this study, the diaphragm was
set as the target for measuring the CSA of the diaphragmatic
crura for predicting HFNC failure.

2. Materials and Methods

2.1 Study Design
This was a single-center retrospective observational study of
patients with ARF admitted to the ED of a tertiary university
hospital between July 2018 and June 2020.

2.2 Study Settings and Population
All ARF patients who had undergone a CT scan and were
treated with HFNC in the ED were included in this study.
ARF was defined by any one of the following: PaO2 <60
mmHg or SpO2 <91% when breathing room air, PaCO2 >50
mmHg and pH <7.35, PaO2/FiO2 <300, or PaO2 decrease or
PaCO2 increase of more than 10 mmHg from baseline [15].
The exclusion criteria were age younger than 18 years, altered
mental status, indication for immediate MV, those with do not
resuscitate (DNR) orders, electively intubated for diagnostic
or therapeutic procedures, could not hold their breath while
performing a CT scan due to being tachypneic or had altered
mental status, and those with an RR >20/min or decreased
consciousness indicated by Glasgow Coma Scale scores of
<15 upon ED admission. All included patients were followed
until death or hospital discharge.
The patients’ demographic variables, laboratory data and

severity scores were collected by chart review of the elec-
tronic medical records. The Acute Physiology and Chronic
Health Evaluation (APACHE) II score was calculated within
the first 24 hours of admission [16]. The ROX index value was
recorded two hours after the initiation of HFNC therapy [4].
We also recorded the use of vasopressors andMV in the ED, the
length of HFNC therapy, ICU and hospital stay, and survival
rate. HFNC failure was defined as the need for invasive MV
or expiration within 48 hours.

In our hospital, ARF patients received oxygen therapy via
an HFNC device (OptiflowTM, Fisher & Paykel Healthcare,
Auckland, New Zealand) initiated with a minimum flow of 30
L/min and a FiO2 of 1. The FiO2 was then set to maintain
a pulse oximetry value greater than 92%, and the flow rate
was set according to the physician’s judgment. Non-invasive
ventilation (NIV) was not available due to the lack of NIV
in the institution. The parameters used to assess the level of
respiratory support were FiO2 and the total flow delivered,
adjusted to the individual patient’s needs. The parameters
for assessing respiratory failure were RR, SpO2/FiO2 ratio,
and arterial carbon dioxide (PaCO2) values. The criteria for
intubation and MV were a decreased level of consciousness
(Glasgow Coma Scale score <12), cardiac arrest, new onset
of arrhythmia with hemodynamic instability, severe hemody-
namic instability (norepinephrine>0.1 µg/kg per minute), and
persistent or worsening respiratory conditions defined by at
least two of the following criteria: failure to achieve correct
oxygenation (PaO2 <60 mmHg despite an HFNC flow of≥30
L/min, and a FiO2 of 1), respiratory acidosis (PaCO2 >50
mmHg with pH <7.25), an RR >30 beats per minute, or the
inability to clear secretions [4, 17, 18].

2.3 Measurements
A 320-channel, 64-channel, or 16-channel multi-detector CT
scan was performed using various scanners (Aquilion ONE,
Toshiba, Otawara, Japan; SOMATOM Definition and Sen-
sation 16, Siemens Medical Systems, Forchheim, Germany;
Optima CT 660, GEMedical Systems, Milwaukee, WI, USA).
Contrast chest CT scans were performed using the following
scan parameters: 0.6–1.2 collimation, 120 kVp, 100–250 mA
under automatic exposure control, and 0.5–0.75 seconds rota-
tion time. CT scans were reconstructed at section widths of
2.5 mm. The patients were routinely instructed to breathe to
their functional residual capacity and hold their breath while
the chest CT scan was obtained.
We used the diaphragmatic crura to directlymeasure the crus

in the retrocaval area at the level of the origin of the celiac trunk
on the axial scan [19]. A region of interest was drawn around
the outermost border of each crus, where the muscle was well-
delineated by using Deja-view PACS (Dongeun Information
Technology, Bucheon, Korea) (Fig. 1).
All images were assessed by two different readers to ac-

count for interobserver variability. One of the readers was an
emergency physician, the other was a radiologist, and both had
more than seven years of experience. They were blinded to the
patients’ clinical data and the results for a period of twomonths
to determine intraobserver variability. The CSA measurement
took less than 30 seconds. Lastly, the data from three readers
were averaged for statistical analysis.

2.4 Data Analysis
The quantitative variables are expressed as mean ± SD or
median and interquartile range if normality criteria were not
met according to the Kolmogorov-Smirnov test. Categorical
variables are expressed as frequencies and percentages. Con-
tinuous variables were compared using the Student t-test or the
Mann-Whitney U test. Differences in the categorical variables
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FIGURE 1. CT scan for measuring the cross-sectional area of the diaphragmatic crus. DC: diaphragmatic crus. The
cross-sectional area of the DC (white triangle) was measured at the level of the origin of the celiac trunk (white arrow).

were assessed by theχ2 or Fisher’s exact test. A p-value< 0.05
was considered statistically significant. Males and females
were analyzed separately because of gender-related differences
in muscle mass.

The interobserver and intraobserver variability for measur-
ing the diaphragmatic crura area was evaluated using intraclass
correlation coefficients (ICC) with a two-way mixed absolute
model.

To assess the correlation between outcomes and variables,
odds ratios (OR) were estimated by univariate logistic regres-
sion analysis using the stepwise forward selection methods
with a p-value< 0.05. Multivariate logistic regression analysis
was performed to assess the stepwise correlation between out-
comes and variables. A p-value< 0.05 with a 95% confidence
interval was considered statistically significant. Receiver op-
erating characteristic (ROC) curves were generated, and the
area under the curves was calculated (AUROC) to assess the
accuracy of different variables for correctly classifying patients
whowould succeed or fail on HFNC. The optimal threshold for
continuous variables was chosen to maximize sensitivity and
specificity.

3. Results

Three hundred ninety-six ARF patients (156 females and 240
males) were treated with HFNCs in the ED after receiving
conventional oxygen therapy. Among them, 51 with altered
mental status and 115 with an RR of >20/min were excluded.
Thus, 229 ARF patients (92 females and 137 males) were
eligible for this study. The baseline characteristics of the
investigated population are presented in Table 1. Twenty-
five females (27.71%) and 32 males (23.36%) patients were
categorized as HFNC failures. The results showed that sex
or age did not significantly affect HFNC success or failure.
Systolic blood pressure (SBP), diastolic blood pressure (DBP),
mean arterial pressure (MAP), PaO2, PaCO2, PaO2/FiO2 ratio
(P/F ratio), vasopressor use in the ED, and ROX index values
at two hours were significantly different between the success
and failure groups.

The CSAs of the diaphragmatic crura are presented in Ta-
ble 2. The cases were divided into a success and a failure
group to compare the treatment results according to the CSA
of the diaphragmatic crus. Significant differences in the CSA
measurement of the right and average crus were found be-
tween patients in the HFNC success and failure groups in
both genders (p < 0.05). Additionally, the success group had
a generally larger CSA than the failure group. The CSAs
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TABLE 1. Baseline characteristics of the study population at emergency department.
Total (229) p-value*

Success (172) Failure (57)
Sex

Female (92) 67 (72.83%) 25 (27.17%) 0.618
Male (137) 105 (76.64%) 32 (23.36%)

Age 75 (66∼82) 77 (67∼81) 0.664
Systolic BP (mmHg) 140 (110∼160) 120 (110∼140) 0.030
Diastolic BP (mmHg) 80 (60∼90) 70 (60∼80) 0.013
MAP (mmHg) 98.15 ± 21.57 89.47 ± 17.92 0.003
Heart rate (/min) 101.76 ± 23.83 99.49 ± 24.06 0.535
Respiratory rate (/min) 18 (18∼20) 19 (18∼20) 0.936
Body temperature (◦C) 36.9 (36.4∼37.5) 36.8 (36.3∼37.4) 0.335
pH 7.4 (7.34∼7.45) 7.4 (7.34∼7.46) 0.534
PaO2 (mmHg) 66 (64.67∼66.67) 65.33 (64∼66.67) 0.025
PaCO2 (mmHg) 48 (37∼57) 37 (30∼54) 0.004
White blood cell (109/L) 11.29 (8.03∼16.23) 10.99 (7.16∼14.95) 0.314
Hematocrit (%) 36.19 ± 6.57 35.17 ± 7.77 0.335
Sodium (mg/dL) 139 (136∼141) 138 (135∼141) 0.714
Potassium (mg/dL) 4.2 (3.9∼4.8) 4.1 (3.8∼4.8) 0.445
Creatinine (mg/dL) 0.93 (0.72∼1.50) 0.87 (0.61∼1.45) 0.223
Apache II 15.22 ± 4.93 14.95 ± 4.45 0.716
PaO2/FiO2 166.67 (129.33∼209.44) 132.00 (107.78∼166.67) <0.001
ROX index an 2 hour 13.09 (10.18∼16.25) 9.90 (8.33∼13.89) 0.001
BP: blood pressure; MAP: mean arterial pressure; ROX: respiratory rate-oxygenation.
Continuous variables are presented as mean ± SD, if not met normality criteria, presented as median (interquartile range).
Categorical variables are presents as number (proportion, %).
*Statistical comparisons of the data were performed using the Student t test or Wilcoxon Rank-Sum test for continuous variables,
Chi-square tests or Cochran-Mantel-Haenszel test for categorical variables.

TABLE 2. CT Measurement of cross sectional area of diaphragm crus.
HFNC p-value*

Success Failure
CSA of Crus (cm2)

Female
Rt. Crus 2.16 (1.83∼2.66) 1.88 (1.64∼2.16) 0.029
Lt. Crus 1.07 (0.81∼1.24) 0.89 (0.68∼1.20) 0.122
Average of Crus 1.60 (1.35∼1.92) 1.40 (1.21∼1.62) 0.029

Male
Rt. Crus 2.60 (2.14∼3.21) 2.15 (1.65∼2.71) 0.002
Lt. Crus 1.16 (0.93∼1.46) 0.97 (0.73∼1.33) 0.012
Average of Crus 1.90 (1.59∼2.30) 1.53 (1.34∼1.96) 0.001

*Statistical comparisons of the data were performed using the Student t test or Wilcoxon.
HFNC: High-flow nasal cannula; CSA, Cross sectional area.
Continuous variables are presented as median (interquartile range).
Rank-Sum test.
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TABLE 3. Analysis of variables associated with HFNC failure using logistic regression—female.
Univariate Logistic Regression

ß Odd ratio (95% CI) p-value*
Age −0.013 0.987 (0.951∼1.025) 0.502
Systolic BP (mmHg) −0.005 0.995 (0.980∼1.009) 0.471
Diastolic BP (mmHg) −0.019 0.981 (0.952∼1.011) 0.214
Heart rate (/min) 0.010 1.010 (0.992∼1.029) 0.266
Respiratory rate (/min) −0.295 0.744 (0.513∼1.079) 0.119
Body temperature (◦C) −0.072 0.930 (0.520∼1.674) 0.810
pH 1.275 3.577 (021∼10.592) 0.627
PaO2 (mmHg) −0.350 0.705 (0.521∼0.955) 0.024
PaCO2 (mmHg) −0.032 0.969 (0.937∼1.001) 0.059
White blood cell (109/L) 0.000 1.000 (0.999∼1.000) 0.964
Hematocrit (%) 0.033 1.033 (0.962∼1.110) 0.371
Sodium (mg/dL) −0.021 0.979 (0.899∼1.067) 0.628
Potassium (mg/dL) −0.283 0.753 (0.394∼1.442) 0.393
Creatinine (mg/dL) −0.622 0.537 (0.242∼1.194) 0.127
Apache II −0.028 0.972 (0.872∼1.084) 0.610
ROX at 2 hour −0.220 0.802 (0.691∼0.931) 0.004
Average of Crus (cm2) −1.351 0.259 (0.073∼0.922) 0.037

Multivariate logistic regression—Stepwise variable selection
ß Odd ratio (95% CI) p-value*

ROX at 2 hour −0.359 0.699 (0.575∼0.850) <0.001
Average of Crus (cm2) −2.187 0.112 (0.025∼0.501) 0.004
Respiratory rate (/min) −0.789 0.454 (0.259∼0.798) 0.006
Sodium (mg/dL) −0.121 0.886 (0.795∼0.987) 0.028
Hematocrit (%) 0.101 1.106 (0.998∼1.226) 0.055
HFNC: High-flow nasal cannula; CI: Confidence interval; BP: blood pressure; ROX: respiratory rate-oxygenation.
*Statistical comparisons of the data were performed using bimodal logistic regression analysis.

of the left crus in females were not significantly different.
These data were measured twice by the two observers, and the
ICC of the interobserver and intraobserver of each data was
determined. The results showed that the interobserver ICC of
the first measurement was 0.894 on the right, 0.917 on the left
and 0.912 on average, and the interobserver ICC of the second
measurement was 0.903 on the right, 0.924 on the left and
0.912 on average. The intraobserver ICC of the first observer
was 0.905 on the right, 0.949 on the left and 0.916 on average,
and the intraobserver ICC of the second observer was 0.921 on
the right, 0.928 on the left and 0.923 on average.

Next, we performed logistic regression analysis to assess the
relationship between patient variables and treatment outcomes
(Tables 3 and 4). In addition, we also investigated whether
the statistically significant factors in simple logistic regression
would be significant in stepwise multivariate logistic regres-
sion. Our results showed that in the female group, the factors
significantly related to treatment outcomes were ROX index
values at two hours (OR, 0.699), average CSA of the crus
(OR, 0.112), respiratory rate (OR, 0.454) and serum sodium
levels (OR, 0.886). In the male group, the ROX index at two

hours (OR, 0.784), the average CSA of the crus (OR, 0.208),
white blood cell count (OR, 0.999) and vasopressor use in the
ED (OR, 3.563) were factors significantly related to treatment
outcomes. Therefore, the factors significantly associated with
treatment outcomes in both genders were ROX index values
and the average CSA of the crus.

In both gender groups, the ROX index value at two hours
demonstrated good predictive accuracy (AUROC for females
= 0.718, males = 0.707). However, when the ROX index at
two hours and the average CSA of the crus were integrated
to analyze predictive power, a better predictive accuracy was
observed for both gender groups (AUROC for females = 0.778,
males = 0.782). Using the ROC curve, the best cutoff point
for the average CSA of the crus was estimated to be 1.48
cm2 in female patients and 1.64 cm2 in male patients (Fig. 2).
Additionally, in both gender groups, the predictive power of
integrating the ROX index value at two hours and the average
CSA of the crus was higher than the predictive power of
individual factors.
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TABLE 4. Analysis of variable associated with HFNC failure using logistic regression—male.
Univariate logistic regression

ß Odd ratio (95% CI) p-value*
Age 0.017 1.017 (0.983∼1.053) 0.331
Systolic BP (mmHg) −0.016 0.984 (0.971∼0.997) 0.016
Diastolic BP (mmHg) −0.034 0.966 (0.941∼0.992) 0.011
Heart rate (/min) −0.017 0.984 (0.964∼1.001) 0.061
Respiratory rate (/min) 0.196 1.216 (0.848∼1.745) 0.288
Body temperature (◦C) −0.375 0.688 (0.420∼1.124) 0.135
pH 0.890 2.436 (0.020∼12.729) 0.715
PaO2 (mmHg) −0.208 0.812 (0.648∼1.019) 0.072
PaCO2 (mmHg)b −0.023 0.977 (0.950∼1.005) 0.104
White blood cell (109/L) 0.000 0.999 (0.999∼1.000) 0.080
Hematocrit (%) −0.052 0.949 (0.896∼1.005) 0.075
Sodium (mg/dL) 0.016 1.016 (0.942∼1.097) 0.677
Potassium (mg/dL) −0.102 0.901 (0.515∼1.584) 0.722
Creatinine (mg/dL) 0.012 1.012 (0.799∼1.283) 0.919
Apache II −0.005 0.995 (0.921∼1.075) 0.906
ROX at 2 hour −0.216 0.806 (0.712∼0.912) <0.001
Average of Crus (cm2) −1.542 0.214 (0.080∼0.572) 0.002

Multivariate logistic regression—Stepwise variable selection
ß Odd ratio (95% CI) p-value*

ROX at 2 hour −0.244 0.784 (0.684∼0.897) <0.001
Average of Crus (cm2) −1.568 0.208 (0.074∼0.584) 0.003
White blood cell (109/L) 0.000 0.999 (0.999∼1.000) 0.022
Diastolic BP (mmHg) −0.028 0.973 (0.942∼1.004) 0.086
HFNC: High-flow nasal cannula; CI: Confidence interval; BP: blood pressure; ROX: respiratory rate-oxygenation.
*Statistical comparisons of the data were performed using bimodal logistic regression analysis.

4. Discussion

This study aimed to investigate the significance of CSA
measurement of the diaphragmatic crus as a predictive
factor in HFNC failure. Multivariate logistic regression
analysis showed that the CSA of the diaphragmatic crus
was significantly correlated with HFNC failure in both
gender groups. On the other hand, the OR of respiratory
rate per minute was found to be <1 in the female group.
We hypothesize that this result might be due to excluding
patients with respiratory rates exceeding 20 per minute from
the study group. Analysis of the ROC curve showed that when
combined with the ROX index 2 hours after the ED visit, the
predictive power of HFNC failure was stronger than when the
CSA of the diaphragmatic crus was analyzed alone.

In recent studies, HFNC was found to reduce the intubation
rate, lower ICU mortality and reduce the rate of invasive MV
in patients with severe respiratory failure [20, 21]. Therefore,
HFNC has resulted in better comfort and oxygenation than
conventional oxygen delivery methods in patients with acute
respiratory failure [21–24]. Despite the advantages of HFNC,
its inappropriate use might be hazardous to some patients.

HFNC failure is defined as the need for endotracheal intu-
bation despite HFNC application [11]. The failure of HFNC
may delay intubation and increase mortality, similar to NIV
[25]. A poor prognosis of HFNC failure might be caused
by long-term intubation delays in patients with uncontrolled
diseases, leading to respiratory muscle fatigue and bad clinical
outcomes [11]. Except for our study, none of the existing
studies predicted the failure of HFNC by measuring the CSA
of   respiratory muscles. Rapid prediction can be achieved by
measuring the CSA of the crus to reduce fatal HFNC failures.

Similar to previous studies, our results showed that the ROX
index could be useful for predicting HFNC failure. The ROX
index had the best predictive accuracy after 12 hours, and its
AUROC was 0.74 [4]. When combined with the CSA of the
crus in this study, it had similar predictive accuracy after two
hours. Previous indicators, such as the ROX index, are time-
consuming to determine, but in our study, we showed that it
could be quickly evaluated for predicting HFNC failure using
CT scan.

CT is a radiologic modality commonly performed in EDs
for the differential diagnosis of respiratory diseases. Here, we
found that it could easily measure the CSA of respiratory mus-
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FIGURE 2. Receiver operating characteristic curves for predicting the cross-sectional area of the crus and ROX index
value for high-flow nasal cannula treatment failure. Female patients (2-a); Male patients (2-b). CSA: cross-sectional area; Se:
sensitivity; Sp: specificity; AUC: area under the curve.

cles. As a result, the CSA measurement value of the diaphrag-
matic crus had a sufficiently reliable ICC value. In patients
with respiratory disease, CSA of the erector spinae muscle at
the 12th thoracic vertebral region and the pectoralis muscle
at the superior aspect of the aortic arch are usually selected
as targets because the assessment of these muscles does not
require additional radiation exposure [26–29]. Although they
have othermain roles, the erector spinae and pectoralismuscles
also act as respiratory muscles. Therefore, the diaphragmatic
crus was selected as the measurement subject of this study
because the main function of the diaphragm is respiration,
and CSA measurement does not require additional radiation
exposure when assessed on chest CT scans.

CT is a useful test in EDs, but it has some limitations.
It can be difficult to perform on critically ill patients, and
the radiation delivered can be hazardous. Comparatively,
ultrasonography is a good alternative in EDs. However, ul-
trasonography has a limited field of view and cannot easily
capture the maximal CSA of muscles [30]. CT could be the
preferred modality for measuring the CSA of the crus in EDs,
but its limitations make it difficult to implement in all ARF
patients. Thus, future studies are required to determine which
ARF patients undergoing HFNC should receive CT scans.

This present study had several limitations. First, as this was
a retrospectively designed study, some variables were either
specified or implied. In particular, there was no data on the
comorbidity, cause of ARF and timing of HFNC failure within
48 hours after HFNC therapy, which might have affected
the obtained results. Second, this was a single-center study,
and the criteria and threshold for applying HFNC might vary
from institution to institution. Also, the results cannot be
generalized to all ARF patients due to the small sample size in
this study. Third, while the CSA of the diaphragmatic crus was
analyzed, no analyses on the attenuation of the diaphragmatic
crus were performed, indicating the need for further studies
to determine whether measuring one area of a respiratory
muscle in the course of a dynamic disease could be used as
a predictive factor. Fourth, no direct quantitative comparisons
were made between pulmonary function tests and the CSA of
the diaphragmatic crus. Despite these limitations, our findings
might help predict the risk of HFNC failure in ARF patients
who have already undergone CT scans.
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5. Conclusions

When combined with the ROX index, CSA measurement of
the diaphragmatic crus of ARF patients on CT scan might help
predict the risk of HFNC failure within 2 hours. It could predict
HFNC failure in a shorter time than previously identified
predictive factors. Additionally, patients with a small CSA
of the diaphragmatic crus might need close monitoring for
the accurate and rapid application of MV. Due to the inherent
limitations of this study, additional well-planned studies are
needed to validate these conclusions.

AVAILABILITY OF DATA AND MATERIALS

Not applicable.

AUTHOR CONTRIBUTIONS

HJK and JJ—contributed equally to this work as the 1st author.
HJK, JJ and DL—contributed to the concept and design of
the study. HJM, HJL, DJ, TYS and JAH—contributed to the
collection, analysis and interpretation of data. HJK, JJ and
DL—contributed to the drafting of the manuscript. All authors
have read and approved the manuscript.

ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

The study protocol was approved by the Soonchunhyang Uni-
versity Institutional Review Board (IRB No. 2020-10-005).
The IRB approved a request to waive the documentation of
informed consent.

ACKNOWLEDGMENT

Not applicable.

FUNDING

This work was supported by the Soonchunhyang University
Research Fund, grant number 10220025.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES
[1] Society AT. Dyspnea: mechanisms, assessment, and management: a

consensus statement. American Journal of Respiratory and Critical Care
Medicine. 1999; 159: 321–340.

[2] Lenglet H, Sztrymf B, Leroy C, Brun P, Dreyfuss D, Ricard J-D.
Humidified high flow nasal oxygen during respiratory failure in the
emergency department: feasibility and efficacy. Respiratory Care. 2012;
57: 1873–1878.

[3] Roca O, Riera J, Torres F, Masclans JR. High-flow oxygen therapy in
acute respiratory failure. Respiratory Care. 2010; 55: 408–413.

[4] Roca O, Messika J, Caralt B, García-de-Acilu M, Sztrymf B, Ricard J-D,
et al. Predicting success of high-flow nasal cannula in pneumonia patients

with hypoxemic respiratory failure: the utility of the ROX index. Journal
of Critical Care. 2016; 35: 200–205.

[5] Chanques G, Riboulet F, Molinari N, Carr J, Jung B, Prades A, et
al. Comparison of three high flow oxygen therapy delivery devices: a
clinical physiological cross-over study. Minerva Anestesiologica. 2013;
79: 1344–1355.

[6] Chatila W, Nugent T, Vance G, Gaughan J, Criner GJ. The effects of high-
flow vs low-flow oxygen on exercise in advanced obstructive airways
disease. Chest. 2004; 126: 1108–1115.

[7] Corley A, Caruana LR, Barnett AG, Tronstad O, Fraser JF. Oxygen
delivery through high-flow nasal cannulae increase end-expiratory lung
volume and reduce respiratory rate in post-cardiac surgical patients.
British Journal of Anaesthesia. 2011; 107: 998–1004.

[8] Parke RL, Eccleston ML, McGuinness SP. The effects of flow on airway
pressure during nasal high-flow oxygen therapy. Respiratory Care. 2011;
56: 1151–1155.

[9] Williams A, Ritchie J, Gerard C. Evaluation of a high-flow nasal oxygen
delivery system: gas analysis and pharyngeal pressures. Intensive Care
Medicine. 2006; 32: S219.

[10] Tobin MJ, Laghi F, Jubran A. Ventilatory failure, ventilator support, and
ventilator weaning. Comprehensive Physiology. 2012; 2: 2871–2921.

[11] KangBJ, KohY, LimC-M,Huh JW, Baek S, HanM, et al. Failure of high-
flow nasal cannula therapy may delay intubation and increase mortality.
Intensive Care Medicine. 2015; 41: 623–632.

[12] Aldrich T. Respiratory muscle fatigue. Clinics in Chest Medicine. 1988;
9: 225–236.

[13] European RS, Society AT. ATS/ERS statement on respiratory muscle
testing. American Journal of Respiratory and Critical Care Medicine.
2002; 166: 518.

[14] Goligher EC, Brochard LJ, Reid WD, Fan E, Saarela O, Slutsky AS, et
al. Diaphragmatic myotrauma: a mediator of prolonged ventilation and
poor patient outcomes in acute respiratory failure. Lancet Respiratory
Medicine. 2019; 7: 90–98.

[15] Elie A, Peter P, Marcio S, Anders P, Jordi R, Philippe RB, et al. Acute
hypoxemic respiratory failure in immunocompromised patients: the
Efraim multinational prospective cohort study. Intensive Care Medicine.
2017; 43: 1808–1819.

[16] Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a
severity of disease classification system. Critical Care Medicine. 1985;
13: 818–829.

[17] Frat J-P, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, et al.
High-flow oxygen through nasal cannula in acute hypoxemic respiratory
failure. New England Journal of Medicine. 2015; 372: 2185–2196.

[18] Messika J, Ahmed KB, 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. Respiratory Care. 2015; 60: 162–
169.

[19] Han J-Y, Lee K-N, Kang E-J, Baek JW. Quantitative computed
tomography assessment of respiratory muscles in male patients diagnosed
with emphysema. Journal of the Korean Society of Radiology. 2018; 78:
371–379.

[20] Antonelli M, Bonten M, Chastre J, Citerio G, Conti G, Curtis JR, et al.
Year in review in Intensive Care Medicine 2011: III. ARDS and ECMO,
weaning, mechanical ventilation, non-invasive ventilation, pediatrics and
miscellanea. Intensive Care Medicine. 2012; 38: 542–556.

[21] Sztrymf B, Messika J, Bertrand F, Hurel D, Leon R, Dreyfuss D, et al.
Beneficial effects of humidified high flow nasal oxygen in critical care
patients: a prospective pilot study. Intensive Care Medicine. 2011; 37:
1780.

[22] Cuquemelle E, Pham T, Papon J-F, Louis B, Danin P-E, Brochard L.
Heated and humidified high-flow oxygen therapy reduces discomfort
during hypoxemic respiratory failure. Respiratory Care. 2012; 57: 1571–
1577.

[23] Frat J-P, Brugiere B, Ragot S, Chatellier D, Veinstein A, Goudet V, et
al. Sequential application of oxygen therapy via high-flow nasal cannula
and non-invasive ventilation in acute respiratory failure: an observational
pilot study. Respiratory Care. 2015; 60: 170–178.

[24] Maggiore SM, Idone FA, Vaschetto R, Festa R, Cataldo A, Antonicelli
F, et al. Nasal high-flow versus Venturi mask oxygen therapy after
extubation. Effects on oxygenation, comfort, and clinical outcome.



177

American Journal of Respiratory and Critical Care Medicine. 2014; 190:
282–288.

[25] Moretti M, Cilione C, Tampieri A, Fracchia C, Marchioni A, Nava S.
Incidence and causes of non-invasive mechanical ventilation failure after
initial success. Thorax. 2000; 55: 819–825.

[26] Diaz AA, Martinez CH, Harmouche R, Young TP, McDonald M-L, Ross
JC, et al. Pectoralis muscle area and mortality in smokers without airflow
obstruction. Respiratory Research. 2018; 19: 62.

[27] McDonald M-LN, Diaz AA, Ross JC, San Jose Estepar R, Zhou L, Regan
EA, et al. Quantitative computed tomography measures of pectoralis
muscle area and disease severity in chronic obstructive pulmonary
disease. A cross-sectional study. Annals of the American Thoracic
Society. 2014; 11: 326–334.

[28] Moon SW, Choi JS, Lee SH, Jung KS, Jung JY, Kang YA, et al.
Thoracic skeletal muscle quantification: low muscle mass is related with
worse prognosis in idiopathic pulmonary fibrosis patients. Respiratory
Research. 2019; 20: 35.

[29] Suzuki Y, Yoshimura K, Enomoto Y, Yasui H, Hozumi H, Karayama M,
et al. Distinct profile and prognostic impact of body composition changes
in idiopathic pulmonary fibrosis and idiopathic pleuroparenchymal
fibroelastosis. Scientific Reports. 2018; 8: 1–8.

[30] Seymour JM, Ward K, Sidhu PS, Puthucheary Z, Steier J, Jolley CJ, et al.
Ultrasound measurement of rectus femoris cross-sectional area and the
relationship with quadriceps strength in COPD. Thorax. 2009; 64: 418–
423.

How to cite this article: Hyun Joon Kim, Jisoo Jeong, Hyung
Jun Moon, Hyun Jung Lee, Dongkil Jeong, Tae Yong Shin, et
al. Prediction of high-flow nasal cannula failure in patients with
acute respiratory failure by measuring the cross-sectional area of
the diaphragmatic crus and ROX index. Signa Vitae. 2023; 19(5):
169-177. doi: 10.22514/sv.2023.084.


	Introduction
	Materials and Methods
	Study Design
	Study Settings and Population
	Measurements
	Data Analysis

	Results
	Discussion
	Conclusions

