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ABSTRACT

High-flow nasal cannula (HFNC) oxygen is a therapy that has demonstrated survival benefits in acute
respiratory failure (ARF). However, the role of HFNC in ARF due to interstitial pneumonia (IP) is
unknown. The aim of this study was to compare the effects of HFNC therapy and non-invasive positive
pressure ventilation (NPPV) in ARF due to IP. This retrospective observational study included 32 patients
with ARF due to IP who were treated with HFNC (n=13) or NPPV (n=19). The clinical characteristics,
intubation rate and 30-day mortality were analyzed and compared between the HFNC group and the
NPPV group. Predictors of 30-day mortality were evaluated using a logistic regression model. HFNC
group showed higher mean arterial blood pressure (median 92 mmHg; HFNC group vs 74 mmHg; NPPV
group) and lower APACHEII score (median 22; HFNC group vs 27; NPPV group) than NPPV group.
There was no significant difference in the intubation rate at day 30 between the HFNC group and the
NPPV group (8% vs 37%: p=0.069); the mortality rate at 30 days was 23% and 63%, respectively. HFNC
therapy was a significant determinant of 30-day mortality in univariate analysis, and was confirmed to be
an independent significant determinant of 30-day mortality in multivariate analysis (odds ratio, 0.148; 95%
confidence interval, 0.025-0.880; p=0.036). Our findings suggest that HENC therapy can be a possible
option for respiratory management in ARF due to IP. The results observed here warrant further investigation
of HFNC therapy in randomized control trials.
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IP: Interstitial pneumonia

IPF: Idiopathic pulmonary fibrosis

MAP: Mean arterial blood pressure

NPPV: Non-invasive positive pressure ventilation
NSIP: Non-specific interstitial pneumonia

This is an Open Access article distributed under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International
License. To view the details of this license, please visit (http://creativecommons.org/licenses/by-nc-nd/4.0/).

INTRODUCTION

Interstitial pneumonia (IP) is a progressive inflammatory interstitial lung disease characterized
by relative unresponsiveness to therapy and a poor prognosis. Some patients experience acute
respiratory failure (ARF) during the courses of the disease. ARF has also been reported to occur
in patients with idiopathic IP,' including idiopathic pulmonary fibrosis (IPF),>* and non-specific
interstitial pneumonia (NSIP),*> collagen vascular disease-associated IP,*¢ and chronic hypersen-
sitivity pneumonitis.” For these patients, non-invasive positive pressure ventilation (NPPV) can
be considered as a therapeutic option. Several retrospective studies have investigated the impact
of NPPV on the mortality in patients with ARF due to IP, however its clinical benefit has not
seemed to be promising.*® Therefore, how to manage ARF in patients with IP is a clinically
important yet common, unresolved problem.

High flow nasal cannula (HFNC) therapy is a novel approach to oxygen and noninvasive
respiratory support that can deliver heated and humidified oxygen via nasal cannula at high
flow rates. These high flow rates generate low levels of positive pressure in the upper airways,
and the fraction of inspired oxygen (F,0,) can be adjusted by changing the fraction of oxygen
in the driving gas.'*?

HFNC is increasingly used for noninvasive respiratory support in intensive care units (ICUs).
This is because several studies have found that HFNC therapy improves oxygenation, survival,
tolerance and comfort in patients with ARF.'%!3* Most of those studies have been performed
in patients with pneumonia; however, ARF in patients with IP has etiologies that are different
from those of pneumonia, has no effective treatment, and heralds a poor prognosis, especially
in patients with acute exacerbation of IPF and clinically amyopathic dermatomyositis related IP.
The effectiveness of HFNC therapy in these patients is unknown. The aim of this study was to
compare the effectiveness of HFNC therapy with that of NPPV in patients with ARF due to IP
in the ICU setting.

MATERIALS AND METHODS

Study subjects

This was a retrospective observational study of patients admitted for episodes of ARF due to
IP to emergency & medical ICU at Nagoya University Hospital, Aichi, Japan. From April 2011
to June 2017, 46 consecutive patients were diagnosed with ARF due to IP and 14 patients were
excluded because they were treated with mechanical ventilation (N=13) or conventional oxygen
therapy (N=1). The remaining 32 patients were categorized in two groups: 13 patients treated
with HFNC (HFNC group) and 19 patients with treated with NPPV (NPPV group; Fig. 1).

Eligible patients had a clinical diagnosis of chronic fibrosing IP, including IPF and fibrosing
NSIP, collagen vascular disease-associated IP, chronic hypersensitivity pneumonitis or drug-
induced lung injury. IPF and NSIP were defined by consensus criteria.” Collagen vascular
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Patients admitted to medical ICU from April 2011 to June 2017
N=3113

y

Acute respiratory failure due to interstitial pneumonia
N=46

N=14 Excluded
N=13 Mechanical ventilation
N=1 Conventional oxygen therapy

4

Patients eligible for inclusion
N=32

) ]
HFNC group NPPV group
N=13 N=19

Fig. 1 Patient flow.
ICU: intensive care unit, HFNC: high-flow nasal cannula, NPPV: non-invasive positive pressure ventilation.

disease-associated IP was diagnosed according to established criteria.*!®* Chronic hypersensitivity
pneumonitis or drug-induced lung injury were defined as previously described.?!??

ARF due to IP was defined using the following criteria with a slight modification for
adaptation for various underlying diseases: (1) exacerbation of dyspnea within 1 month;
(2) newly-developed diffuse pulmonary opacities on chest computed tomography and/or chest
radiography; (3) hypoxia; a PaO,/ FO, ratio < 300; (4) absence of heart failure or infectious
lung diseases.”®?* These assessments were determined for each subject with the aid of clinical,
radiological, hemodynamic, and pathology results obtained from the medical records.

This study was approved by the Nagoya University Hospital Institutional Review Board (No.
2017-0315). The requirement for informed consent from the patients of this study was waived due
to the retrospective nature, and any personal information from the data were removed beforehand.

Data collection

The following data were collected at initial admission to the medical ICU (day0). The variables
used to assess comparability between the two groups were age, sex, body temperature, mean
arterial blood pressure (MAP), respiratory rate, acute physiology and chronic health evaluation
(APACHE) II score, white blood cell count, serologic tests (C-reactive protein [CRP], lactate
dehydrogenase [LDH], and Krebs von den Lungen-6 [KL-6] levels), and arterial blood gases.
The causes of IP, underlying disease, treatments, ventilator settings, length of stay in the ICU,
intubation rate and 30-day mortality were retrospectively reviewed.

Interventions

In the HFNC group, HFNC therapy was started when patients fulfilled the criteria for ARF.
Oxygen was passed through a heated humidifier (MR850, Fisher and Paykel Healthcare) and
applied continuously through large-bore binasal prongs, with a gas flow rate of 40-50 liters per
minute and an FO, of 1.0 at initiation (Optiflow, Fisher and Paykel Healthcare).

In the NPPV group, noninvasive ventilation was delivered to the patient through a face mask
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(Respironics Inc, Murrysville, PA, USA) connected to a ventilator (BiPAP Vision/V60; Respironics
Inc, Murrysville, PA, USA). The initial setting for NPPV was continuous positive airway pressure
mode. Pressure support was given if high respiratory frequency or respiratory acidosis was found.

In both groups, the F,0, was set at the lowest value to keep the PaO, at more than 60 mmHg.
HENC therapy or NPPV was applied for at least 2 calendar days; thereafter it could be stopped
and the patient switched to standard oxygen therapy. Sedation and pain management in the medi-
cal ICU were assessed using the Richmond Agitation-Sedation Scale (RASS) and the numeric
rating scale (NRS), respectively. The target sedation level was a RASS score of —1 and the target
pain level was a NRS score of <2.

Statistical analysis

Categorical data were summarized as frequencies in percentage and continuous data as median
with interquartile range. The chi-squared test or Fisher’s exact test was used for categorical data,
and the Mann—Whitney U test was used for continuous data. A multivariate logistic regression
analysis was performed to compare the 30-day mortality between the treatment groups, with
adjustment for disease severity, in particular, PaO,/F,0, ratio (<100). Univariate logistic regres-
sions were also performed for other factors to assess their possible effects on 30-day mortality,
including age (>70 years), sex (male), cause of interstitial pneumonia (acute exacerbation of IPF),
APACHE 1I score (>20), LDH level (>2280), KL-6 level (>1000), and respiratory management
(HFENC therapy).

Candidate factors were determined a priori referring to those published in previous
reports.”?22627 Odds ratios and their 95% confidence intervals were calculated. Survival curves
were compared using the log-rank test, and Kaplan-Meier survival curves were plotted. All
statistical analyses were performed using a statistical software package (SPSS for Windows
version 23.0; SPSS, Inc.; Chicago). A p-value < 0.05 was considered to be statistically significant.

RESULTS

Patient characteristics

The baseline characteristics are shown in Table 1. The median age was 73 years (interquartile
range, 67-76) in the HFNC group and 73 years (interquartile range, 58—77) in the NPPV group.
The HFNC group showed higher MAP (median 92 mmHg; HFNC group vs 74 mmHg; NPPV
group) and lower APACHEII score (median 22; HFNC group vs 27; NPPV group) than the
NPPV group. There were no significant differences in age, sex, PaO,/FO,, respiratory rate,
WBC count, CRP, LDH, and KL-6 levels. The distribution of APACHEII score, PaO,/F,0, and
cases died within 30 days in both the HFNC group and the NPPV group are shown in Figure 2.

As for therapeutic intervention, 12 patients in the HFNC group and 18 patients in the NPPV
group received high-dose intravenous corticosteroids (methylprednisolone 1000 mg/day) for 3
days. Corticosteroid therapy was followed by a tapered dosage.
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Patients, number 13 19
Age, year, median (range) 73 (67-76) 73 (58-77) 0.66
Male sex, number (%) 10 (77) 16 (80) 0.58
Cause of interstitial pneumonia

Idiopathic interstitial pneumonia, number 8 12

Acute exacerbation of IPF 7 11
Idiopathic NSIP 1 1

Connective tissue disease, number 4 4

Others, number 1 3
Underlying disease

Diabetes mellitus, number (%) 5 8 0.84

Chronic kidney disease, number (%) 1 0 0.41

Chronic heart disease, number (%) 1 5 0.20

Liver disease, number (%) 0 0 NA

Malignancy, number (%) 8 8 0.28
Physiological data

Tempreture, °C 37.5 (36.6-38.1) 36.8 (36.6-37.4) 0.058

Mean BP, mmHg 92 (89-98) 74 (65-94) 0.013

Respiratory rate per min 25 (20-27) 24 (21-33) 0.31
Laboratory Findings

WBC per mm? 13100 (9400-15500) 11200 (6200-16700) 0.52

CRP, mg/dL. 12.2 (6.3-16.7) 12.0 (8.0-16.1) 0.80

LDH, IU/L 391 (265-498) 414(358-541) 0.51

KL-6, U/mL 682 (542-1485) 1083 (575-1398) 0.84
Arterial blood gas

PaO,, mmHg 62 (56-75) 74 (68-88) NA

PaCO,, mmHg 34 (31-36) 38 (34-40) 0.12

PaO,/F,O, ratio 133 (105-158) 144 (114-191) 0.43
APACHE 1I score, median (range) 22 (18-26) 27 (25-30) 0.006
Treatment

Steroid pulse, number (%) 12 18

Steroid, number (%) 13 18

Immunosupressant, number (%) 6 6

IVCY, number (%) 1 0

Data are presented as No. (%), or median (interquartile range) unless otherwise noted.
AE: acute exacerbation, APACHE: acute physiology and chronic health evaluation,
BP: blood pressure, CRP: C-reactive protein, IPF: idiopathic pulmonary fibrosis,
IVCY: intravenous cyclophosphamide, KL-6: Krebs von der Lungen-6, LDH: lactate dehydrogenase,
NSIP: non-specific interstitial pneumonia, HFNC: high-flow nasal cannula,
NPPV: non-invasive positive pressure ventilation.
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Fig. 2 Distribution of APACHEII and PiO,/F/O, ratio in the HFNC group and the NPPV group
White bar indicates cases alive at day30 and black bar indicates cases died within 30 days.
HENC: high-flow nasal cannula, NPPV: non-invasive positive pressure ventilation.

Ventilator setting and sedation

The initial ventilator settings were as follows: in the HFNC group, a median gas flow rate
of 50 liters per minute (interquartile range, 40-50), yielding a median F,O, of 0.45 (interquartile
range, 0.40-0.63); and in the NPPV group, a median positive end-expiratory pressure (PEEP) of
6 cm H,O (interquartile range, 4-8) with a median FO, of 0.50 (interquartile range, 0.40-0.70)
and median pressure support of 2 cm H,O (interquartile range, 0—4.0). (Table 2).

After the initiation of respiratory care, dexmedetomidine was administered for sedation in 10
patients (77%) in the HFNC group and 19 patients (100%) in the NPPV group.

Outcome

The major outcomes in this study were shown in Table 3. The 30-day mortality was 23%
in the HFNC group and 63% in the NPPV group. There was no significant difference in the
numbers of patients with do-not-intubate orders between the group (p=0.53). There was no
significant difference in the intubation rate at day 30 (8% in the HFNC group and 37% in
the NPPV group, p=0.069). If patients with a do-not-intubate order were excluded, there was
a significant difference in the intubation rate (9% vs 47%, p=0.049). There was no significant
difference in the length of stay in the ICU (7 days in the HFNC group and 8 days in the
NPPV group, p=0.81).

Univariate and Multivariate Analysis of Predictors of 30-days Mortality
In univariate analysis, HFNC therapy was a significant predictor for 30-day mortality (Table 4).
The results of the multivariate analysis are shown in Table 4. HFENC therapy was independently
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Table 2 Ventilator setting and sedation

HENC NPPV p-value

Setting, HFNC
Flow, L/min
FiO,

Setting, NPPV
PEEP, cmH,O
PS, cmH,0
FO,

Sedation
Dexmedetomidine, number (%)
Midazoram, number (%)
Fentanyl, number (%)
Morphine, number (%)

50 (40-50) -
0.45 (0.40-0.63) -

- 6.0 (4.0-8.0)
2.0 (0-4.0)
- 0.50 (0.40-0.70)

10 (77) 19 (100) 0.17
1 (8) 15 0.66
1 @®) 4 21 0.31

0 2 (11) 0.35

Data are presented as No. (%), or median (interquartile range) unless otherwise noted.
HENC: high-flow nasal cannula, NPPV: non-invasive positive pressure ventilation,

PEEP: positive end-expiratory pressure, PS: pressure support.

Table 3 Outcome

HENC NPPV p-value

N 13 19
Mortality

30-days, number of death (%) 3 (23) 12 (63) 0.026
Intubation

Intubation, number (%) 1 (8) 7 (37) 0.069

Do-not intubation, number (%) 2 (15) 4 (21) 0.53

Intubation rate excluding DNI cases, % 9 47 0.049
ICU length of stay, days 7 (5-12) 8 (6-16) 0.36

Data are presented as No. (%), or median (interquartile range) unless otherwise noted.
DNI: do-not intubation, HFNC: high-flow nasal cannula,

NPPV: non-invasive positive pressure ventilation.

Table 4 Univariate and multivariate analysis of 30-days mortality

Variables OR 95% CI p-value
Univariate analysis of predictors of mortality
Respiratory care, HFNC 0.175 0.036-0.860 0.032
Age, 275 2.095 0.506-8.674 0.31
Sex, male 0.267 0.043-1.653 0.16
Cause of interstitial lung disease, AE of IPF 0.364 0.087-1.526 0.17
PaO,/F,0, ratio, <100 8.000 0.812-78.825 0.075
APACHE 1I score, =20 0.857 0.148-5.064 0.86
LDH, IU/L, =280 4.308 0.424-43.733 0.22
KL-6, U/mL, = 1000 0.984 0.245-3.958 0.98
Multivariate analysis of predictors of mortality
Respiratory care, HFNC 0.148 0.025-0.880 0.036
PaO,/F,0, ratio, <100 10.072 0.806-125.896 0.073

See Table 1 legend for expansion of abbreviations.
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associated with 30-day mortality (odds ratio, 0.148; 95% confidence interval, 0.025-0.880; p=
0.036). Figure 3 shows the Kaplan-Meier curves at 30 days in the HFNC and NPPV groups. We
applied different cutoff points for APACHEII score (20, 22, 24 and 26), and APACHEII score
had no significant impact on mortality in both univariate and multivariate analysis (Table 5).
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Fig. 3 Kaplan-Meier distribution for the probability of survival
The p-value was calculated using the log-rank test. The solid line represents patients in the HFNC group, and
the dotted line represents patients in the NPPV group. Survival was significantly better in the HFNC group than
the NPPV group (p=0.029).
HENC: high-flow nasal cannula, NPPV: non-invasive positive pressure ventilation.

Table 5 Univariate and multivariate analysis of 30-days mortality by using different cutoff points
for APACHEII score

Variables OR 95% CI p-value

Univariate analysis of predictors of mortality

APACHE 1I score, =20 0.857 0.148-5.064 0.86

APACHE II score, =22 1.667 0.323-8.590 0.54

APACHE II score, =24 1.925 0.431-8.606 0.39

APACHE 1I score, =26 1.778 0.423-7.467 0.43
Multivariate analysis of predictors of mortality - 1

APACHE 1I score, =20 0.399 0.047-3.401 0.40

Respiratory care, HFNC 0.137 0.023-0.801 0.027
Multivariate analysis of predictors of mortality - 2

APACHE 1I score, =22 0.696 0.093-5.196 0.72

Respiratory care, HFNC 0.152 0.025-0.921 0.040
Multivariate analysis of predictors of mortality - 3

APACHE 1I score, =24 0.792 0.121-5.194 0.81

Respiratory care, HFNC 0.157 0.025-0.993 0.049
Multivariate analysis of predictors of mortality - 4

APACHE 1I score, =26 0.716 0.114-4.485 0.72

Respiratory care, HFNC 0.148 0.023-0.962 0.045

See Table 1 legend for expansion of abbreviations.
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DISCUSSION

This is the observational report to investigate the efficacy of HFNC therapy for ARF due to
IP. Although the retrospective study with small number of patients has several limitations, the
primary selection of HFNC therapy was associated with a better outcome in patients with ARF
due to IP in the equally severe respiratory condition of PaO,/FO, ratio. In addition, there was
a tendency for a decreased intubation rate in the HFNC group more than in the NPPV group.

Several advantages of HFNC therapy could account for the decreased risk of short-term
mortality in patients with ARF due to IP. First, HFNC therapy is more comfortable than NPPV,
and has the advantages of allowing the patients to eat, drink and talk.!> Other beneficial aspects
of HENC therapy, including heated humidification, flushing of the anatomical dead space, and
reduction of airway resistance, add further to the patient’s comfort.”®?* These advantages account
for the good tolerance of HENC therapy, and therefore improved short-term mortality.® In the
previous literature, poor tolerance for ventilatory support was the reason for intubation in patients
with ARF and these patients subsequently exhibited high mortality.?!*

Second, the relatively low PEEP in the HFNC group is suitable for patients with ARF due to
IP. HENC therapy can deliver a relatively low PEEP that corelates with the gas flow rate.'" In
our study, the median gas flow rate in the HFNC group was 50 L/min, which provides a mean
airway pressure of 1.7-3.3 cmH,O. In comparison, the NPPV group received a median PEEP of
6 cmH,0. A previous study showed that high PEEP settings failed to improve oxygenation and
were associated with worse prognosis in patients with ARF due to IP.** This might be because
high PEEP promotes lung overdistension and ventilator interaction lung injury in patients with
IP. In addition, a significant association has been reported between a PEEP of >5 cmH,0 and
increased short-term mortality.** These data support that the relatively low PEEP in HFNC therapy
might improve short-term mortality.

Third, the tendency for a lower intubation rate in the HFNC group might have contributed
to the reduced short-term mortality. Patients with ARF due to IP who initially receive NPPV
treatment and subsequently require invasive mechanical ventilation have been reported to have
a rather poor prognosis.*® Other studies have reported that patients with ARF due to IP who
required mechanical ventilation showed a high in-hospital mortality (81-87%).*** Therefore, a
lower intubation rate is associated with a lower mortality in these patients.

Fourth, in terms of breathing efficacy and respiratory workload, HFNC therapy might have
more favorable effect than NPPV. HFNC therapy was reported to be associated with a lower
respiratory rate than NPPV in patients with ARF.* In addition, several studies reported that higher
respiratory rate was associated with increased mortality in patients with ARF due to IP37% A
possible explanation for this finding is that the rapid respiratory rate observed in IP is thought
to occur secondary to increased inspiratory elastic loading on the respiratory muscles.*® This
beneficial aspect of HFNC therapy might decrease breathing efficacy and respiratory workload,
thereby improved mortality. Overall, our study findings suggested that HFNC therapy might be
a better strategy for respiratory support in patients with ARF due to IP.

In our study, the difference in intubation rate between the HFNC and NPPV groups was not
statistically significant but there was a borderline trend towards a lower intubation rate in the
HENC group. Moreover, if we excluded patients with do-not-intubate order, lower intubation rate
was seen in the HFNC group. Several studies have reported that the intubation rate was not
different between patients with ARF who receive HFNC therapy and those who receive NPPV
therapy.'*!*4° However, in the subgroup of patients with a PaO,/ F,0, <200 mmHg, the intuba-
tion rate was significantly lower in the HFNC group than in the NPPV group.'® Most of the
patients (28/32 patients) in our study represented severe hypoxia with a PaO,/ F,0, <200 mmHg.
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These data suggest that HFNC therapy reduces the need for intubation in ARF patients due to
IP. Moreover, a post-hoc power analysis (one-sided, 5% alpha) to detect a significant between-
group difference in the intubation rate revealed a power of 0.46, indicating that our study was
significantly underpowered with risk of a type two error. Additional prospective studies with
large sample sizes are warranted to confirm our results.

We recognize that there are some limitations to this study. First this is a retrospective obser-
vational study, not a randomized control study, and it is possible that this might somehow have
biased results. Patients in the NPPV group tended to be more severe conditions such as lower
MAP and higher APACHEII scores than those in the HFNC group. In this study, APACHEII score
had no effect on 30-day mortality in univariate logistic regression analysis though we applied
several cutoff points for APACHEII score. In addition, even if we included the APACHEII score
in multivariate logistic regression analysis, HFNC therapy remained a significant determinant of
30-day mortality. However, these data do not confirm that APACHEII score is not associated
with mortality in this cohort because of small sample size. Therefore, we could not eliminate the
possibility that less severe conditions in the HFNC group results in favorable outcome. Second,
we could not include too many covariates in multivariate logistic regression analysis because
of the small number of patients in our study. Many studies have reported that the PaO,/F,O,
ratio was associated with mortality in patients with ARF due to IP.?**#! Therefore, we used the
Pa0,/F,O, ratio for adjustment to clarify whether HFNC therapy did or did not improve 30-day
mortality in patients with ARF due to IP. Third, this study included various causes of IP such
as acute exacerbation of IPF, NSIP and collagen vascular related IP. Acute exacerbation of IPF
is the most fatal disease condition, but is not associated with 30-day mortality. Two patients
with collagen vascular disease related IP were clinically amyopathic dermatomyositis related IP,
which is also fatal disease and therefore might affect the outcome.

CONCLUSION

HENC therapy might have a favorable effect on 30-day mortality and the intubation rate. This
study provides preliminary data with several limitations and therefore we could not establish the
effectiveness of HFNC therapy on ARF due to IP. However, our findings suggest that HFNC
therapy can be one of the option strategies for respiratory management in patients with ARF
due to IP. The results observed here warrant the need for further investigation of HFNC therapy
in randomized control trials.
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