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Background: The role of high-flow nasal cannula oxygen therapy (HFNC) in respiratory management of 
acute exacerbation of interstitial pneumonia (AE-IP) is unknown. 
Methods: We retrospectively reviewed patients with AE-IP who were admitted to our hospital from 
June 2009 – May 2015 and compared mortality, complications, sedatives and analgesia use, and oral intake 
between cohorts before (pre-HFNC: June 2009 – May 2012) and after (post-HFNC: June 2012 – May 2015) 
the introduction of HFNC. In the pre-HFNC cohort, standard oxygen therapy, noninvasive ventilation 
(NIV), and invasive mechanical ventilation (IMV) were used for respiratory management of AE-IP. In the 
post-HFNC cohort, HFNC was also used as an alternative to NIV in patients (I) who had refused NIV; 
(II) unable to cooperate, (III) intolerant to NIV, or (IV) who improved in respiratory parameters after NIV 
treatment for weaning.
Results: Fifty-three pre-HFNC patients and 43 post-HFNC patients were enrolled. Neither the baseline 
characteristics at admission nor the major pharmacotherapy for AE-IP differed between the two cohorts. 
Twenty-eight (52.8%) patients and 19 (44.2%) patients required any respiratory support, in pre- and post-
HFNC cohort, respectively (P=0.40). After introduction of HFNC, it was used in 40% of the patients who 
required respiratory support and NIV use was significantly reduced from 49.1% to 16.3% (P<0.001). The 
post-HFNC cohort had significantly lower in-hospital mortality than the pre-HFNC cohort (27.9% vs. 
49.1%, P=0.04). The incidence of complications was not significantly different between the two cohorts. The 
use of sedoanalgesia during respiratory support and the number of patients who discontinued oral intake for 
>24 hours were decreased after the introduction of HFNC (78.6% vs. 31.6%, P<0.001; 52.8% vs. 23.3%, 
P=0.003).
Conclusions: HFNC might be a feasible option in respiratory management of AE-IP. 
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Introduction

Acute exacerbation of interstitial pneumonia (AE-
IP), defined as an acute worsening of dyspnea with an 
unidentifiable cause, is a relatively common and highly 
morbid clinical event in patients with interstitial pneumonia 
(IP) (1). It was originally reported in idiopathic pulmonary 
fibrosis (IPF), and similar acute exacerbations were also 
recognized in idiopathic interstitial pneumonias (IIPs) 
other than IPF and interstitial pneumonia associated with 
collagen tissue disease (CTD-IP) (2). AE-IP patients 
often experience gas exchange abnormalities resulting in 
significant hypoxemia that requires respiratory support. 
Accordingly, the strategy for respiratory management 
of AE-IP is a matter of concern. From past studies, the 
benefits of invasive mechanical ventilation (IMV) in AE-
IP is questionable because IMV did not improve outcomes; 
a systematic review of IPF patients requiring IMV for 
acute respiratory failure (ARF) showed a high mortality 
rate (3). As for noninvasive ventilation (NIV), several small 
retrospective studies suggested its benefits in AE-IP in the 
last decade; Tomii et al. showed an improved 60-day survival 
rate in AE-IP patients, from 27% before NIV introduction 
to 65% afterwards (4); and Yokoyama et al. demonstrated 
that early NIV treatment within 24 hours from admission 
was a significant predictor of survival at 30 days in AE-IP 
patients (5). Meanwhile, NIV failure was also reported to 
occur in 45–55% of IP patients with ARF, and mortality 
among patients receiving NIV remained high (6). Thus, 
the strategy for respiratory management of AE-IP has long 
been a controversial issue.

Recently, high-flow nasal cannula oxygen therapy 
(HFNC), which delivers a high flow of blended humidified 
oxygen through a nasal cannula, is a promising tool for 
respiratory support in the acute care setting (7). In a 
recent Japanese multicenter survey on clinical practice of 
HFNC reported that HFNC was used most frequently for 
ARF patients with IP, however, evidence for its efficacy in 
AE-IP is extremely scarce (8,9). Although AE-IP patients 
were not included in past trials investigating the efficacy 
of HFNC in ARF, we could speculate some concerns 
from a landmark RCT, the FLORALI study, which 
demonstrated that HFNC resulted in lower mortality rates 
compared with standard oxygen therapy or NIV in ARF 
patients (10). In fact, the majority of that study population 
met the recent criteria for ARDS (11), which presents 
pathologically with diffuse alveolar damage (DAD) similar 
to that of AE-IP (12). Additionally, one quarter of the 

study population was immunocompromised, which is also 
common in the AE-IP patients who are often treated with 
immunosuppressive agents. With the efficacy of HFNC 
demonstrated in the FLORALI study, it was reasonable to 
explore the benefits of HFNC in AE-IP.

The aim of the study is to investigate the efficacy and 
safety of the strategy of respiratory management of AE-IP 
using HFNC.

Methods

Patients

We retrospectively reviewed data on AE-IP patients 
admitted to Kobe City Medical Center General Hospital, 
Kobe, Japan, a 690-bed tertiary referral center, from June 
2009 to May 2015. Since June 2012, our hospital introduced 
HFNC as respiratory support for patients with ARF, 
including AE-IP. This historical control study compared the 
AE-IP cohorts before and after the introduction of HFNC; 
pre-HFNC cohort (June 2009 – May 2012) and post-
HFNC cohort (June 2012 – May 2015).

Definition of IP

We diagnosed IPF retrospectively by reviewing medical 
charts, high-resolution computed tomography (HRCT) 
images, and surgical lung biopsy patterns (when performed) 
based on recent guidelines in which a diagnosis of IPF 
without surgical lung biopsy is allowed when definitive 
clinical and HRCT features of IPF are present (13). 
Nonspecific interstitial pneumonia (NSIP) was diagnosed 
based on HRCT images and lung biopsy without secondary 
etiology. IIPs without surgical biopsy not showing definitive 
HRCT features of IPF (14) were collectively defined as 
‘non-IPF’. Combined pulmonary fibrosis and emphysema 
(CPFE) was defined by the coexisting patterns of radiologic 
emphysematous changes and lung fibrosis without 
secondary etiology. Chronic hypersensitivity pneumonitis 
(CHP) was diagnosed based on characteristic HRCT 
findings, serologic and exposure history (15). CTD-IP was 
diagnosed when underlying collagen tissue disease was 
established in accordance with relevant criteria (16-19).

Definition of AE-IP

AE-IP was defined as follows according to the criteria 
proposed by the IPF Clinical Research Network (1), with 
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a slight modification for IPs other than IPF: (I) a previous 
or concurrent diagnosis of underlying IP; (II) unexplained 
worsening of dyspnea within the past 30 days; (III) HRCT 
with new bilateral ground-glass opacity or consolidation; 
(IV) no evidence of pulmonary infection in bronchoalveolar 
lavage (BAL), endotracheal aspiration, or sputum culture, 
combined with negative blood tests for other potentially 
infectious pathogens (e.g., Pneumocystis jirovecii, 
Cytomegalovirus); and (V) no evidence of left heart failure, 
pulmonary embolism, or other possible causes of ARF. 

Respiratory management of AE-IP

In both cohorts, NIV was used for first-line respiratory 
support in hypoxemic patients unable to maintain PaO2 
>60 mmHg or SpO2 >90% on oxygen at >8 L/min using 
a conventional face-mask delivery system, unless they had 
a contraindication for NIV or had refused NIV. NIV was 
administered using a V60 noninvasive ventilator (Philips 
Respironics, Murrysville, PA, USA), with a standard 
reusable oronasal mask [ComfortFull (Philips Respironics) 
or RT040 (Fisher & Paykel Healthcare, Auckland, New 
Zealand)]. The initial mode for NIV was set as continuous 
positive airway pressure (CPAP) mode, with a positive end-
expiratory pressure (PEEP) of 4–12 cmH2O. Fraction of 
inspired oxygen (FIO2) and PEEP were adjusted to maintain 
SpO2 >90%. For patients with tachypnea, accessory muscle 
use, or respiratory acidosis, pressure support was added 
with monitoring of the patients’ comfort, respiratory rate, 
tidal volume, and arterial blood gas data. The indication for 
IMV was based on the judgment of the attending physicians 
following a discussion of the patient’s wishes and the 
prognosis. 

In the post-HFNC period, HFNC was also used as an 
alternative to NIV in accordance with the protocol of our 
hospital for patients (I) who had refused NIV; (II) unable 
to cooperate, (III) intolerant to NIV; or (IV) who improved 
in respiratory parameters after NIV treatment but remains 
unable to maintain PaO2 >60 mm Hg or SpO2 >90% on 
oxygen at >8 L/min using a conventional face-mask delivery 
system. HFNC was delivered using an Optiflow system 
(Fisher & Paykel Healthcare), with a total flow rate of  
35–50 L/min, and the FIO2 was set to maintain SpO2 >90%.

Sedation and analgesia during respiratory support

To manage pain, agitation, and delirium in patients 
receiving respiratory support, we routinely used daily 

assessment, nonpharmacologic interventions, and as 
needed, analgesics and sedative agents based on the 
guidelines (20,21). According to pain assessment, we used 
intravenous fentanyl with/without nonopioid analgesics 
for pain and discomfort caused by endotracheal tube 
or noninvasive ventilation. When patients were unable 
to continue respiratory support due to agitation, either 
dexmedetomidine or propofol (propofol was used only 
in intubated patients) was administered and titrated to 
maintain light sedation between –2 to 0 on the Richmond 
Agitation Sedation Scale (RASS) (22). All patients were also 
assessed for delirium at least once a day, especially using 
the Confusion Assessment Method for the Intensive Care 
Unit (CAM-ICU) in the intensive care unit (ICU) (23). For 
agitated patients with delirium diagnosed using CAM-ICU 
or by an attending physician or delirium control team based 
on the 4th edition of the Diagnostic and Statistical Manual 
of Mental Disorders (DSM-IV) were also treated with 
haloperidol, atypical antipsychotic or dexmedetomidine (24).  
In patients with refractory dyspnea, intravenous or 
subcutaneous morphine with/without deep sedation using 
intravenous midazolam was administered for palliative 
treatment.

Data collection

All clinical data were obtained from medical records. The 
following baseline characteristics were obtained at the time 
of admission: age, gender, admission to ICU or intermediate 
care unit (IMCU), APACHE II and SAPS II score within 
the first 24 hours of admission, underlying IP subtype, 
time from first IP diagnosis to admission, underlying 
treatment, previous history of AE-IP, smoking history, 
long-term oxygen therapy, Charlson comorbidity index, 
vital signs, arterial blood gas data, PaO2/FIO2 ratio, lactate 
dehydrogenase, Krebs von der Lungen-6, and surfactant 
protein D. FIO2 at admission was estimated in patients 
receiving standard oxygen therapy as follows: (oxygen flow 
L/min) ×0.03+0.21 (9). 

Treatments of AE-IP included pharmacotherapy such as 
steroids, intravenous cyclophosphamide and antibiotics, and 
respiratory management. In this study, we defined patients 
who received any respiratory support at least 24 hours as 
“patients treated with respiratory support”. Therefore, 
patients disconnected from NIV within 24 hours and then 
received HFNC for >24 hours were regarded as being 
“treated with HFNC for first-line respiratory support”. 
As same, patients who received any respiratory support 



106

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(1):103-112jtd.amegroups.com

Ito et al. HFNC in AE-IP

for <24 hours and switched to standard oxygen therapy 
were regarded as being “treated with only standard oxygen 
therapy”.

Clinical outcomes measured were in-hospital mortality, 
90-day mortality, adverse events, delirium, sedatives and 
analgesics used, and discontinuation of oral intake. To assess 
oral intake, we calculated the proportion of patients who 
discontinued oral intake for >24 hours.

Statistical analysis

Continuous variables with a normal distribution are 
presented as mean ± standard deviation, and variables 
with non-parametric distribution are presented as median 
(interquartile range). Categorical variables are presented 
as n (%). The Mann-Whitney U test was used to compare 
the two groups. For categorical variables, the Chi-square 
test was used. Survival was evaluated with Kaplan-Meier 
survival curves and the log rank test. Mortality at 90-day 
was also assessed by using a Cox-proportional hazard model 
with results reported as hazard ratio with 95 % confidence 
intervals. P<0.05 were considered statistically significant. All 
data were analyzed by using JMP 11 (SAS Institute, Cary, 
NC, USA). 

Results

During the entire study period, 321 consecutive IP patients 
were admitted to our hospital, with 96 diagnosed with  
AE-IP and analyzed. Fifty-three were admitted during the 
pre-HFNC period and 43 during the post-HFNC period.

Baseline characteristics

There were no significant differences in the baseline 
characteristics at admission between the two cohorts  
(Table 1). The proportions of patients with severe respiratory 
failure with PaO2/FIO2 ≤200 mmHg at admission were also 
similar in both cohorts (60.4% vs. 53.5%, P=0.66). 

Pharmacotherapy of AE-IP

All patients were treated with high-dose corticosteroids 
(methylprednisolone, 250–1,000 mg/d) for 3 days 
followed by a tapered dosage, occasionally combined with 
intravenous cyclophosphamide. They also received empiric 
broad-spectrum antibiotic therapy until negative bacterial 
cultures were confirmed (Table 2).

Five patients in the post-HFNC cohort were treated 
with thrombomodulin and 2 of them were died in hospital. 
Other potential therapies for AE-IP such as polymyxin B 
immobilized column hemoperfusion, rituximab, plasma 
exchange, and intravenous immunoglobulin were not used 
in both cohorts. Extracorporeal membrane oxygenation and 
lung transplantation were not performed.

Respiratory management of AE-IP

Table 3  and Figure 1  show the respiratory support 
administered for AE-IP. 

In the pre-HFNC cohort ,  NIV and IMV were 
administered to 26 (49.1%) and 4 (7.5%) patients, 
respectively; 25 (47.2%) patients received only standard 
oxygen therapy. In the post-HFNC cohort, HFNC, NIV, 
and IMV were administered to 17 (39.5%), 7 (16.3%), and 
1 (2.3%) patient, respectively; 24 patients (55.8%) received 
only standard oxygen therapy. 

Of the 17 patients treated with HFNC, 2 patients refused 
NIV; 3 patients were unable to cooperate; 4 patients were 
switched from NIV due to mask intolerance; and the rest of 
8 patients were switched from NIV for weaning. 

Survival

In the pre-HFNC cohort 26 (49.1%) patients died in 
hospital compared with 12 (27.9%) patients in the post-
HFNC cohort (P=0.04) (Table 4). The causes of in-hospital 
deaths were respiratory failure in all cases. Of these, one 
patient died immediately following an occurrence of 
pneumothorax, and the rest of the patients died due to 
progression of AE-IP. In the subgroup of patients with 
a PaO2/FIO2 ≤200 mmHg, in-hospital mortality was 20 
(62.5%) vs. 8 (34.8%), in pre- and post-HFNC cohorts, 
respectively (P=0.04). We also compared the outcomes 
between subgroups of patients treated with any respiratory 
support. In-hospital mortality was 23 (82.1%) vs. 11 
(57.9%), in pre- and post-HFNC cohorts, respectively 
(P=0.07). Of the 17 patients treated with HFNC, 9 patients 
who did not receive or discontinued NIV because of refusal 
of NIV, inability to cooperate or NIV intolerance all died in 
hospital; the rest of 8 patients who were switched from NIV 
for weaning survived to be discharged or transferred except 
1 patient.  

Kaplan-Meier analysis of the probability of survival from 
admission to day 90 showed a more favorable curve for the 
post-HFNC cohort, but there was no significant difference 
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Table 1 Baseline characteristics of study patients 

Baseline characteristics Pre-HFNC cohort (n=53) Post-HFNC cohort (n=43) P

Age, median (SD), y 75 (8.2) 74 (9.5) 0.56

Male 38 (71.7) 33 (76.7) 0.58

ICU/IMCU admission 38 (71.7) 35 (81.4) 0.27

APACHE II 12 [10–16] 12 [10–15] 0.97

SAPS II 25 [22–35] 25 [22–32] 0.41

Underlying IP 0.27

IPF 17 (32.1) 9 (21.0)

CTD-IP 9 (17.0) 10 (23.3)

CPFE 7 (13.2) 6 (14.0)

NSIP 6 (11.3) 3 (7.0)

CHP 5 (9.4) 2 (4.7)

Other IIP 9 (17.0) 13 (30.2)

Median time from IP diagnosis to admission, months 53 [21–88] 44 [19–72] 0.71

Underlying treatment

Steroids 23 (43.4) 25 (58.1) 0.15

Immunosuppressive agents 14 (26.4) 16 (37.2) 0.26

Pirfenidone or nintedanib 6 (11.3) 6 (14.0) 0.70

Previous history of AE 12 (22.6) 8 (18.6) 0.63

Current/former smoker 35 (66.0) 35 (81.4) 0.09

LTOT 15 (28.3) 13 (30.2) 0.84

Charlson comorbidity index 4 [3–5] 4 [3–4] 0.08

Glasgow coma scale score <14 2 (3.8) 1 (2.3) 0.69

Respiratory rate, breaths/min 30 [25–36] 28 [26–32] 0.28

Heart rate, beat/min 100 [88–116] 100 [82–110] 0.39

Systolic arterial pressure, mmHg 128 [117–150] 124 [110–138] 0.22

pH 7.435 (7.400–7.457) 7.428 (7.409–7.464) 0.99

PaCO2, mm Hg 34 [31–39] 37 [33–44] 0.10

PaO2/FIO2* 188 [75–269] 191 [130–313] 0.17

Patients with a PaO2/FIO2 ≤200 32 (60.4) 23 (53.5) 0.66

KL-6, U/mL 1,360 [886–2,478] 1153 [789–2,007] 0.18

SP-D, ng/mL 382 [236–526] 277 [191–478] 0.18

LDH, IU/L 367 [274–467] 314 [265–406] 0.10

Data are presented as n (%) or median (interquartile range) unless otherwise noted. HFNC, high-flow nasal cannula oxygen therapy; IP, 
interstitial pneumonia; IPF, idiopathic pulmonary fibrosis; CTD-IP, interstitial pneumonia associated with collagen tissue disease; CPFE, 
combined pulmonary fibrosis and emphysema; NSIP, nonspecific interstitial pneumonia; CHP, chronic hypersensitivity pneumonitis; IIP,  
idiopathic interstitial pneumonia; AE, acute exacerbation; LTOT, long term oxygen therapy; KL-6, Krebs von der Lungen-6; LDH, lactate 
dehydrogenase; SD, standard deviation; SP-D, surfactant protein D. *, FIO2 at admission was estimated in patients receiving standard  
oxygen therapy as follows: (oxygen flow L/min) ×0.03+0.21. 
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Table 2 Pharmacotherapy for acute exacerbation of interstitial pneumonia 

Pharmacotherapy Pre-HFNC cohort (n=53) Post-HFNC cohort (n=43) P

High dose corticosteroids* 53 (100.0) 43 (100.0) 1.00

Intravenous cyclophosphamide† 24 (45.3) 14 (32.6) 0.20

Empirical antibiotic therapy 53 (100.0) 43 (100.0) 1.00

Data are presented as n (%). HFNC, high-flow nasal cannula oxygen therapy. *, methylprednisolone, 250–1,000 mg/d for 3 days followed 
by a tapered dosage; †, cyclophosphamide 500 mg.

Table 3 Respiratory support for acute exacerbation of interstitial pneumonia

Respiratory support Pre-HFNC cohort (n=53) Post-HFNC cohort (n=43) P

Any respiratory support* 28 (52.8) 19 (44.2) 0.40

HFNC 0 (0) 17† (39.5) <0.001

Duration of HFNC use, d – 7 [5–10]

Initial settings

FIO2, mean (range), % – 55 [40–70]

Total flow rate, mean (range), L/min – 35 [35–40]

NIV 26 (49.1) 7† (16.3) <0.001

Duration of NIV use, d 6 [3–9] 6 [3–13]

Initial settings

FIO2, mean, % 50 [50–70] –

CPAP mode 14 6

PEEP, mean (range), cmH2O 6 [4–10] 8 [6–10]

S/T mode 14 1

PEEP, mean (range), cmH2O 6 [4–10] 4

PS, mean (range), cmH2O 5 [4–9] 4

IMV 4 (7.5) 1 (2.3) 0.25

Duration of IMV use, median (IQR), d 13 [6–35] 3

Data are presented as n (%) or median (interquartile range) unless otherwise noted. HFNC, high-flow nasal cannula oxygen therapy; NIV, 
noninvasive ventilation; CPAP, continuous positive airway pressure; PS, pressure support; PEEP, positive end-expiratory pressure; IMV, 
invasive mechanical ventilation; S/T, spontaneous with timed backup. *, only patients who were treated with any respiratory support for 
>24 hours were regarded as requiring respiratory support; †, ten patients were initially treated with NIV and switched to HFNC within  
24 hours because of NIV intolerance or weaning.

between the two cohorts (Figure 2). The hazard ratio for 
death at 90 days was 0.57 (95% confidence interval, 0.29 to 
1.05, P=0.07) in the post-HFNC cohort compared with the 
pre-HFNC cohort.

 

Safety and QOL

Two patients developed pneumothorax during HFNC use 

in the post-HFNC cohort; both patients were administered 
NIV as first-line respiratory support followed by HFNC. 
The incidence of delirium was not significantly different 
between the two cohorts (30.2% vs. 18.6%, P=0.17). The use 
of sedatives and analgesics were significantly less frequent 
in the post-HFNC cohort (78.6% vs. 31.6%, P=0.001). The 
proportion of patients who discontinued oral intake for  
>24 hours was also significantly lower in the post-HFNC 
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Table 4 Clinical outcomes in patients with acute exacerbation of interstitial pneumonia

Clinical outcomes Pre-HFNC cohort (n=53) Post-HFNC cohort (n=43) P

In-hospital mortality 26 (49.1) 12 (27.9) 0.04

90-day mortality 26 (49.1) 15 (34.9) 0.16

Length of hospital stay, d 16 [9–27] 22 [12–33] 0.13

Length of ICU/IMCU stay, d 3 [0–8] 5 [2–9] 0.05

Adverse events

Pneumothorax 0 (0) 2 (4.7) 0.11

Delirium 16 (30.2) 8 (18.6) 0.17

Sedation and analgesia during respiratory support* 

Non-sedoanalgesia 6 (21.4) 13 (68.4) 0.001

Analgesia 2 4

Sedation 3 0

Sedation and analgesia 17 2

Sedatives used 20 (71.4) 2 (10.5) <0.001

Dexmedetomidine 8 2

Midazolam 7 1

Propofol 4 1

Haloperidol 8 2

Risperidone 2 0

Analgesics used 19 (67.9) 6 (31.6) 0.01

Fentanyl 6 1

Morphine 13 5

Discontinuation of oral intake >24 hours 28 (52.8) 10 (23.3) 0.003

Data are presented as n (%) or median (interquartile range) unless otherwise noted. *, pre-HFNC cohort (n=28), post-HFNC cohort (n=19). 
HFNC, high-flow nasal cannula oxygen therapy; ICU, intensive care unit; IMCU, intermediate care unit.

Figure 1 Respiratory management of acute exacerbation of interstitial pneumonia in two cohorts. Only patients treated with any means of 
respiratory support for >24 hours were regarded as requiring respiratory support. In both cohorts NIV was used for first-line respiratory 
support for patients with severe hypoxemia that did not respond to standard oxygen therapy. In the post-HFNC cohort HFNC was also 
used (I) in patients who refused NIV, (II) for those with NIV intolerance, or (III) for patients who appeared stable after NIV treatment 
but required respiratory support. HFNC, high-flow nasal cannula oxygen therapy; NIV, noninvasive ventilation; IMV, invasive mechanical 
ventilation. *, ten patients who were initially treated with NIV and switched to HFNC within 24 hours because of NIV intolerance or 
weaning were regarded as having been treated with HFNC as first-line respiratory support.

Pre-HFNC cohort
n=53

Post-HFNC cohort
n=43

Standard oxygen therapy

n=53

n=2

n=2 n=2 n=3 n=1

n=26 n=4* n=15*

n=43

Standard oxygen therapy

IMV NIV NIV HFNC

HFNC IMVNIVIMV
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cohort (52.8% vs. 23.3%, P=0.003) (Table 4).

Discussion

To the best of our knowledge, this is the first study to 
investigate the effects of the respiratory management 
using HFNC in AE-IP patients. The present study 
showed that AE-IP patients had (I) lower in-hospital 
mortality, (II) similar incidence of complications, (III) 
less frequent use of sedatives and analgesics, and (IV) 
lower incidence of discontinuation of oral intake after 
the introduction of HFNC to the strategy for respiratory 
management of AE-IP.

Although there is a lack of evidence to support the 
clinical effectiveness of HFNC in AE-IP, accumulating 
evidence on physiological effects of HFNC indicates its 
possible benefits in AE-IP (9).

First, the unique mechanisms of actions of HFNC, such 
as effective delivery of up to 100% oxygen, washout of the 
pharyngeal dead space, decreased inspiratory resistance, 
improved secretion clearance and mucosal integrity with 
heated humidification, and positive end-expiratory pressure 
effect are potential advantages compared with standard 
oxygen therapy (7).

Second, lung mechanics in AE-IP and lung protective 
strategies are of concern. There is little evidence regarding 
appropriate ventilator settings for IMV and NIV in AE-
IP, and expert opinions are based on the strategy of lung 
protective ventilation in ARDS, which includes low tidal 
volumes to avoid over-distention and appropriate PEEP to 

prevent alveolar collapse (25). However, special caution is 
required when ventilating AE-IP patients because they may 
have little recruitable lung and could be particularly prone 
to over-distension injury. Fernández-Pérez et al. reported 
that high PEEP >10 cm H2O failed to improve oxygenation 
in ventilated patients with IP and was associated with higher 
mortality (26). This result was well explained by Gattinoni 
et al., who showed that a higher PEEP could be harmful in 
ARDS patients with a low percentage of recruitable lung 
because it might only have overinflated lung regions that were 
already open (27). On the other hand, Mauri et al. revealed 
unique physiological effects of HFNC; they conducted a 
randomized cross-over study in 15 ARF patients, which 
showed that HFNC significantly improved oxygenation and 
increased end-expiratory lung volume without a change in 
tidal volume compared with a standard oxygen therapy (28). 
Braunlich also reported the effects of HFNC on ventilation 
in 13 IPF patients, which revealed that HFNC led to decrease 
in both respiratory rates and capillary PCO2 without a change 
in tidal volume compared with spontaneous breathing (29). 
Thus, HFNC might improve the respiratory parameters in a 
lung protective manner for AE-IP patients.

Third, patients’ comfort and compliance are also 
important in successful respiratory management. Previous 
studies reported that NIV intolerance occurred at the 
rate of 11.4–15% in ARF patients and was associated with 
intubation and mortality (30). Although data on the actual 
prevalence of HFNC intolerance are lacking, HFNC was 
reported to be better tolerated and more comfortable 
than standard oxygen therapy and NIV in ARF (7). In our 
study, of 17 patients who received HFNC, 12 patients were 
switched from NIV due to mask intolerance or for weaning 
and HFNC was well tolerated in all of those patients. Thus, 
HFNC could have improved patient comfort and tolerance 
of respiratory support compared to conventional therapy 
and acted as salvage therapy for NIV-intolerant patients 
who had no choice other than standard oxygen therapy or 
IMV before the introduction of HFNC. Importantly, almost 
all the patients who were switched from NIV to HFNC for 
weaning survived to be discharged or transferred, however, 
all the other patients who received HFNC because of NIV 
refusal, inability to cooperate or NIV intolerance died 
during hospitalization. With regards to the differences in 
survival between the two subgroups of the patients treated 
with HFNC, those who improved in respiratory parameters 
after NIV treatment may be potential responders to HFNC. 
The efficacy of HFNC for weaning from NIV in AE-IP 
should be determined in future studies.

Figure 2 Kaplan-Meier analysis of cumulative survival from 
admission to day 90. HFNC, high-flow nasal cannula oxygen 
therapy.
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It is also worthy of special mention that both the use of 
sedatives and analgesics and the number of patients who 
discontinued oral intake were decreased after the introduction 
of HFNC. NIV often requires sedative agents due to mask 
intolerance or inability to cooperate in ARF (31), however, 
better comfort and tolerability of HFNC might lead to 
less requirement of sedative agents compared to NIV. In 
addition, NIV masks or conventional oxygen masks usually 
limit oral intake during therapy, especially during severe 
hypoxemia, whereas interfaces of HFNC do not restrict 
oral intake. The incidence of delirium during HFNC 
use was also first reported in this study. Delirium is an 
important event in critically ill patients receiving respiratory 
support, which directly relates to survival outcomes. In 
the present study, the incidence of delirium was 30.2% in 
the pre-HFNC cohort, which is consistent with a previous 
report on ARF patient receiving NIV (32). Although not 
statistically significant, the incidence of delirium was as 
low as 18.6% after the introduction of HFNC. Future 
studies are needed to determine the effects of HFNC on 
delirium.

This study had several limitations. First, because this was 
a retrospective historical control study, there were possible 
confounding factors. Although baseline characteristics and 
major pharmacotherapy of AE-IP were not significantly 
different between the two cohorts, the outcomes may be 
biased by the severity of respiratory failure, the category 
of baseline IP (IPF or not). An accumulation of expertise 
and knowledge in managing AE-IP including sedoanalgesia 
during the study period could have also affected the 
outcomes. Second, the present study did not investigate 
directly whether NIV or HFNC is the better means of 
respiratory support for AE-IP and our results should not be 
overinterpreted. Caution is needed when applying HFNC 
in the patients who refuse NIV, unable to cooperate, or 
intolerant to NIV. Finally, the small number of patients 
studied limits the reliability of our results. 

Conclusions

In conclusion, HFNC could be a feasible option in 
respiratory management of AE-IP. Further prospective 
studies are required to assess the clinical benefits of HFNC 
in AE-IP. 
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