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Abstract
Background

Primary studies have demonstrated the effectiveness of noninvasive respiratory supports,
including noninvasive positive pressure ventilation (NIPPV) and high flow nasal cannula
(HENC), for improving oxygenation and ventilation in patients with interstitial lung
diseases (ILDs) and acute respiratory failure (ARF). These studies have not been
synthesized and are not included in current practice guidelines. This systematic review
with meta-analysis synthesizes studies that compared the effectiveness of NIPPV, HFNC
and conventional oxygen therapy (COT) for improving oxygenation and ventilation in ILD
patients with ARF.

Methods

MEDLINE, EMBASE and the Cochrane Library searches were conducted from inception to
August 2023. An additional search of relevant primary literature and review articles was
also performed. A random effects model was used to estimate the PF ratio (ratio of
arterial oxygen partial pressure to fractional inspired oxygen), PaCO, (partial pressure of
carbon dioxide), mortality, intubation rate and hospital length of stay.

Results

Ten studies were included in the systematic review and meta-analysis. Noninvasive
respiratory supports demonstrated a significant improvement in PF ratio compared to
conventional oxygen therapy (COT); the mean difference was 55.92 (95% CI
[18.85-92.99]; p=0.003). Compared to HFNC, there was a significant increase in PF ratio
in NIPPV (mean difference 0.45; 95% CI [0.12-0.79]; p=0.008). There were no mortality
and intubation rate benefits when comparing NIPPV and HFNC; the mean difference was
1.1;95% CI [0.83-1.44]; p=0.51 and 1.86; 95% CI [0.42-8.33]; p=0.42, respectively. In
addition, there was a significant decrease in hospital length of stay in HFNC compared to
NIPPV (mean difference 9.27; 95% Cl [1.45 - 17.1]; p=0.02).

Conclusions

Noninvasive respiratory supports might be an alternative modality in ILDs with ARF.
NIPPV demonstrated a potential to improve the PF ratio compared to HFNC. There was
no evidence to support the benefit of NIPPV or HFNC in terms of mortality and
intubation rate.
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INTRODUCTION

Interstitial lung diseases (ILDs) are groups of diffuse
parenchymal lung conditions with overlapping clinical pre-
sentation and radiological features. The 2013 Global Bur-
den of Disease Study reported that ILDs were ranked 40th in
relation to global years of mortality.! The global incidence
of ILDs ranged from 1 to 31.5 per 100,000 patients per year,
and the prevalence ranged from 6.3 to 7.1 per 100,000.2 The
diagnosis and treatment of ILDs require a multidisciplinary
approach. Professions involved in the management of ILDs
include but are not limited to, respirologists, radiologists
and pathologists.3 The trajectory of ILDs is unpredictable;
thus, prognostication may be challenging. Interstitial lung
disease classification and terminology have been modified
and updated over the past decade.4 The American Thoracic
Society (ATS)/European Respiratory Society (ERS)/Japanese
Respiratory Society (JRS)/Latin American Thoracic Associ-
ation have collaborated to endorse practice guidelines for
ILD management.3-6

Hypoxemia in ILDs consists of multiple physiologic de-
rangements, including diffusion impairment, ventila-
tion—perfusion mismatch, and abnormalities of the pul-
monary vasculature leading to pulmonary hypertension.”
8 Chronic repetitive inflammatory processes and aberrant
wound healing can lead to progressive destruction in alveo-
lar units (i.e., fibrosis) and consequently limitations to oxy-
gen diffusion from alveoli to capillaries.?10 Consequently,
oxygen supplementation is a main treatment approach in
both acute and chronic respiratory failure patients. How-
ever, achieving targeted oxygen levels can be challenging.
Acute exacerbations of ILDs have been reported to be the
most common causes of respiratory deterioration and are
associated with poor outcomes. Specifically, acute exacer-
bation of ILDs accounts for 29-55% of respiratory hospital-
izations and 20-33% of lower respiratory tract infections.!!
12 ILD patients who require mechanical ventilation gener-
ally have poor outcomes due to the irreversible nature of
their disease.13-17 Although extracorporeal membrane oxy-
genation (ECMO) is stated as a rescue modality in ILDs with
refractory hypoxemia, it is unable to alter the mortality,
particularly when patients do not qualify for lung trans-
plantation.18

Current practice guidelines reflect certain favourable
outcomes associated with noninvasive positive pressure
ventilation (NIPPV) or high flow nasal cannula (HFNC) in
selected acute respiratory failure (ARF) patients.19-21 Al-
though ILDs were not included in those recommendations,
primary studies suggest that NIPPV or HFNC might be po-
tential approaches in this subgroup.22-24 The common ven-
tilatory settings of NIPPV used in acute and/or chronic res-
piratory failure are known as Continuous Positive Airway
Pressure (CPAP) and Bilevel Positive Airway Pressure (Bi-
PAP).21 This review synthesizes current studies that com-
pared the effectiveness of noninvasive respiratory supports
(NIPPV and/or HFNC) and conventional oxygen therapy
(COT) for improving oxygenation and ventilation in ILD pa-
tients with ARF.

METHOD
ELIGIBILITY CRITERIA

This systematic review and meta-analysis followed the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) guidelines.25 We applied the following
inclusion criteria: experimental studies (randomized,
quasi-randomized, prospective and retrospective trials)
that examined the benefit of NIPPV or HFNC on patients
with ILDs and ARF and/or distress; adults (aged > 18 years.
The exclusion criteria were case reports and case series. The
outcome measures included improvements in oxygenation
and ventilation at 24 h or as defined by the study, using
Pa0,/FiO, (PF ratio) and PaCO, respectively; mortality; in-
tubation rate; hospital length of stay and complications.

INFORMATION SOURCES AND SEARCH STRATEGY

Systematic literature searches were conducted for studies
published from inception to August 6, 2023, in MEDLINE,
EMBASE and the Cochrane Library. Search terms included
the medical subject headings (MeSH) “noninvasive positive
pressure ventilation” OR “noninvasive ventilation” OR
“high flow nasal cannula” AND “interstitial lung disease”
(Supplemental Table 1). There were no language restric-
tions.

STUDY SELECTION AND DATA COLLECTION

Two authors (VP and NO) independently performed article
selection by title and abstract screening based on prede-
termined eligibility criteria. The references of the included
studies were manually reviewed for additional eligible stud-
ies. Disagreements relating to any aspect of the data extrac-
tion process were discussed and resolved by a third reviewer
(JN), with the final decision made by consensus. The full-
text articles of the selected studies were reviewed indepen-
dently for the final study selection. The data were extracted
and analyzed from the included studies (NS, VP, and NJ).

QUALITY ASSESSMENT

Two investigators (VP and NO) assessed the quality of in-
cluded studies using the Cochrane risk-of-bias tool for ran-
domized trials (RoB 2) and the Risk Of Bias In Non-ran-
domized Studies of Interventions (ROBINS-I) for
non-randomized studies tool2>26 (Table 1, Supplemental
Tables 2 and 3).

STATISTICAL ANALYSIS

All statistical analyses were performed using Review Man-
ager (RevMan) version 5.4.1 (The Cochrane Collaboration,
2020). We extracted the proportions and 95% confidence in-
tervals (CIs) from each study and pooled them using the
random effect model. Cochrane’s Q test was performed and
quantified using the I statistic to determine the statistical
heterogeneity among the included studies. An I? value of
0% to 25% represents insignificant heterogeneity, greater
than 25% but less than or equal to 50% represents low het-
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Table 1. Characteristics of included studies.

Study and Age (years; Study Design Number Patient Duration of Device setting (mmHg) Location of interventions Overall risk of
Country mean = SD) of Characteristics NIPPV/HENC /Initial PF ratio bias (ROBINS-I or
and Sex (%) patients (days) RoB 2)
(N)
Yokoyama T 72377 Retrospective 11- IPF with ARF 54+3.8 CPAP-PEEP 10.1+ University hospital, N/A Serious
etal. 2010, cohort study NIPPV 2.5
Japan Male 63.6% BiPAP - IPAP 15 +3.3,
EPAP 10.2+2.9
/138.9+55.7
Gungor Get 66+3.2 Retrospective 75- ILDs with ARF 5+3.7 BiPAP - Target PS to Pulmonary disease and Moderate
al. 2013, cohort study NIPPV 56 - IPF (no keep TV 6-8 ml/Kg, Thoracic surgery
Turkey Male 59.2% biopsy proven) PEEP 5-7 hospital, ICU
7-CVD
8 - Silicosis /143 + 60.7
2-Drug
induced ILD
2-EP
Aliberti S et 71+3 Retrospective 60- ILDs with ARF N/A CPAP-PEEP8 +1.48 General hospital, RICU Moderate
al. 2014, cohort study NIPPV 28-1PF BiPAP-PS 15+7.4,
Italy Male 63.3% 8-CTD PEEP5+2.2
3-COP
1-HP /125+57.8
16 - idiopathic
NSIP
4 - others
Shebl E et al. 61.1+123 Prospective 36- ILDs with ARF N/A NIPPV - CPAP with General hospital, ICU Some concerns
2018, Egypt randomized NIPPV 19-IPF PEEPupto 12
Male 35.7% control trial 34- 9-HP HFNC - 60 L/min
HFNC 9-CTD
2-Drug /172+48.5
induced ILD
4-LCH
3-
Pneumoconiosis
7 - Sarcoidosis
17 - non-IPF IIP
Koyauchi T 784+28 Retrospective 30- ILDs with ARF 6+8.9 NIPPV - N/A General hospital, N/A Serious
etal. 2018, cohort study NIPPV in DNI patients
Japan Male 72.6% 54 - 44 - IPF HFNC-40+14.8L/
HFNC 27 - Non-IPF IIP min
10-CTD /N/A
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2-HP
1 - Sarcoidosis
Vianello A et 68.6+9.5 Retrospective 17 - IPF with ARF N/A NIPPV - BiPAP target University Hospital, Moderate
al. 2019, cohort study HFNC TV 6-8 ml/Kg, PEEP 5 RICU
Italy Male 82.4% HFNC - up to 70 L/min
/145 + 180
ImaiR et al. 782+4.1 Retrospective 14 - ILDs with ARF 8+17.8 NIPPV - BiPAP PS as General hospital, N/A Moderate
2019, Japan cohort study NIPPV in DNI patients tolerate, PEEP 5
Male 48.6% 21- 13- IPF HFNC - up to 60 L/min
HFNC 11-CTD
11- others /N/A
Omote N et 70.9+3.9 Retrospective 19- ILDs with ARF N/A NIPPV - BiPAP PS 2 + University hospital, ED Serious
al. 2020, cohort study NIPPV 20-IPF 2.9,PEEP 6 +2.9 and ICU
Japan Male 81.3% 13- 8-CTD HFNC - up to 50 L/min
HFNC 4 - others
/138.5+57
Koyauchi T 78+23 Retrospective 66 - ILDs with ARF 65+7.4 HFNC-40+ 3.7 L/min University Hospital, ICU Serious
et al. 2020, cohort study HFNC 31-IPF
Japan Male 77.3% 35 - non-IPF /199.18 +53.9
Ahmed N et 45,67 +14.48 Prospective 30- ILDs with ARF 2.93+1.26 BiPAP - PS 4, PEEP 4 University Hospital, Moderate
al. 2023, cohort study NIPPV 16-HP RICU
Egypt Male 30% 14 - others /160.67 +41.26
(non-IPF)

Abbreviation: PF ratio - the ratio of arterial oxygen partial pressure to fractional inspired oxygen, NIPPV - noninvasive positive pressure ventilation, HFNC - high flow nasal cannula, IPF - idiopathic pulmonary fibrosis, ARF - acute respiratory failure, CPAP - continuous
positive airway pressure, BiPAP — bi-level positive airway pressure, PEEP - positive end-expiratory pressure, PS — pressure support, IPAP — inspiratory positive airway pressure, EPAP - expiratory positive airway pressure, ILDs - interstitial lung diseases, CVD - collagen vas-
cular disease, EP - eosinophilic pneumonia, CTD - connective tissue disease, COP - cryptogenic organizing pneumonia, HP - hypersensitivity pneumonitis, NSIP — non-specific interstitial pneumonia, LCH - Langerhans cell histiocytosis, IIP - idiopathic interstitial pneu-
monia, DNI - do not intubation, ED - emergency department, ICU - intensive care unit, RICU - respiratory intensive care unit.
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Articles identified through databases
EMBASE (n= 498)
Ovid Medline (n= 545)
Cochrane library (n=39)
Hand searching (n= 1)
Total 1,083

‘ Identification

¥
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Title and abstract reviewed of potentially

Exclusion based on a review of

the title and abstract

full-length article review
(n=19)

Eligibility J

Potentiallyrelevantarticles included for

(n =981)

Article excluded after full-text review (n = 9):

- Descriptive study (n=3)

l
¥

- No full text (n=5)

10 articles were included in the meta-
analysis

Included

- Inadequate outcome (n =1)

Figure 1. Flow diagram of the article selection procedure based on the PRISMA guideline.

erogeneity, greater than 50% but less than or equal to 75%
represents moderate heterogeneity, and greater than 75%
represents high heterogeneity. P-values less than 0.05 were
considered statistically significant. A funnel plot visualized
the presence of a publication bias (Supplemental Figure
1). The protocol for this study was registered at www.in-
plasy.com (No. 202260104). Ethical approval was not re-
quired.

RESULTS
SEARCH RESULTS

Systematic literature searches identified 1,000 unique cita-
tions. A review of titles and abstracts resulted in the elimi-
nation of 981 studies. The full text of these 19 studies was
reviewed to determine eligibility (Figure 1). This system-
atic review included ten studies (including a total of 480
patients). One randomized control trial, one prospective
cohort study and eight retrospective cohort studies were in-
cluded.

Study characteristics are described in Table 1. The in-
cluded studies consisted of NIPPV application (four stud-
ies),27-30 HENC application (two studies)31:32 and NIPPV
and HFNC application (four studies).33-3¢ Idiopathic pul-
monary fibrosis (IPF) was a major type of ILDs in this study
(239 patients, 49.7% of total ILDs). Three of ten studies
included cardiac failure in the definition of acute exacer-
bation.28:34.36 The ICU was the main location of the in-

terventions (seven of ten studies). The mean duration of
noninvasive respiratory supports was 5.76 * 8.55 days. The
mean initial PF ratio before noninvasive respiratory sup-
ports was 156.94 * 64.74.

PUBLICATION BIAS ASSESSMENT

The funnel plot of the PF ratio outcome of the conventional
oxygen therapy and noninvasive respiratory supports was
symmetric and showed no publication bias (Supplemental
Figure 1).

EFFECT OF INTERVENTION
PRIMARY OUTCOME

The PF ratio (a clinical indicator of hypoxemia) is the pri-
mary outcome measure of the effect of noninvasive respi-
ratory supports (NIPPV or HFNC) compared to COT on ILD
patients with ARF. Of ten studies, pooled analysis was per-
formed on six (NIPPV-four studies, HFNC-two studies)27-32;
37 using a random-effect model. This analysis showed that
noninvasive respiratory support significantly improved the
PF ratio compared to COT. The mean difference was 55.92
(95% CI[18.85-92.99]; 12=88%; p=0.003. In subgroup analy-
sis, both NIPPV and HFNC demonstrated a significant im-
provement in oxygenation compared to COT (mean differ-
ence 51.06, 95%Cl [11.88-90.24]; 12=79%; p=0.01 and (mean
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Non-invasive cort Mean Difference Mean Difference
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Ahmed etal 2023 2133 BYER 30 1B0BY 41.26 30 191%  BO.EG[25.98, 95.34] R
Aliberti et al. 2014 19867 151 &) 123 533 B0 18.0% TF56T[3515 11619 T TR
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Figure 2. Effect of noninvasive respiratory supports on PF ratio.
Non-invasive cot Mean Difference Mean Difference
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7.2.1 NIPPV
Ahmed et al. 2023 4865 1372 30 451 1373 0 343% 480 [-2.45 11.45]
Aliberti et al. 2014 44 1604 B0 3967 1446 A0 550% 433115, 9.81]
Gungoretal 2013 457 6407 Ta 47 2644 75 7% -1.30[16.99, 14.349]
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Test for overall effect: Z=1.88 {F = 0.06)
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Testfor overall effect: Z=0.04 {F=0497)
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Figure 3. Effect of noninvasive respiratory supports on PaCO,_

difference 67.27, 95% CI [1.17-133.37]; 12=38%; p=0.05), re-
spectively (Figure 2).

SECONDARY OUTCOMES

Secondary outcomes measures included i.) PaCO, (a clinical
indicator of alveolar ventilation) to examine the effect of
noninvasive respiratory supports (NIPPV or HFNC) com-
pared to COT on ILD patients with ARF, ii.) PF ratio to
compare the effects of NIPPV with HFNC, iii.) mortality,
iv.) intubation rate and v.) hospital length of stay. Four
studies (three studies—NIPPV and one study—HFNC)2728,
30,32 reported the effects of noninvasive respiratory sup-
ports on PaCO, outcomes. There was no significant differ-
ence in PaCO, reduction between COT and noninvasive res-
piratory supports. The mean difference was 3.82 (95% CI
[-0.25-7.88]; 12=0%; p=0.07). (Figure 3).

Four studies compared NIPPV directly to HFNC in ILD
patients with ARF. Three of four studies33-3> demonstrated
a significant increase in PF ratio for NIPPV when compared

to HENC (mean difference 0.45; 95% CI [0.12-0.79]; 12=0%;
p=0.008) (Figure 4). The comparison between NIPPV and
HFNC revealed that neither method demonstrated a signifi-
cant impact on mortality (four studies)33-36 (Figure 5) or in-
tubation rates (two studies)3>-36 (Figure 6). Risk Ratio (RR)
was 1.1; 95% CI [0.83-1.44]; 12=67%; p=0.51 and 1.86; 95%
CI [0.42-8.33]; 12=54%; p=0.42, respectively. Lastly, patient
groups receiving HFNC experienced significantly shorter
hospital lengths of stay when compared to those receiving
NIPPV (two studies33:34; the mean difference was 9.27 (95%
Cl [1.45-17.1]; 12=17; p=0.02) (Figure 7).

OTHER EFFECTS OF NIPPV AND HFNC

Two studies conducted on do-not-intubate patients (DNI)
examined the effect of oral alimentation and the time of
loss of cognitive function before death as outcomes33,34
The HFNC showed a significant oral intake ability before
death compared to NIPPV in Imai et al. and Koyauchi et al.;
p=0.002 and p=0.037, respectively. In addition, there was
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Figure 4. Effect of NIPPV or HFNC on PF ratio.
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Figure 5. Effect of NIPPV or HFNC on mortality.
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Figure 6. Effect of NIPPV or HFNC on intubation rate.
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Figure 7. Effect of NIPPV or HFNC on hospital length of stay.

significantly less cognitive dysfunction in HFNC compared
to NIPPV in Imai et al. and Koyauchi et al.; p=0.03 and
p=0.037, respectively.

Koyauchi et al. reported eight adverse events, including
seven in patients receiving NIPPV and one in a patient re-
ceiving HFNC.34 Specifically, seven of 30 patients (23.3%)
receiving NIPPV reported injuries (5 reports of skin dam-
age, one gingival ulcer and one pneumo-mediastinum),
while one of 54 patients (1.85%) receiving HFNC reported
nasal bleeding. In addition, patients’ requests for interface
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discontinuation were significantly higher for NIPPV (3 of
30; 10%) compared to HFNC (0 of 54), p=0.043.

In Yogoyama et al.,37 the time to initiate NIPPV deter-
mined survival outcomes significantly (p=0.006). The sur-
vivor group showed 2.3 *# 2.9 days to initiate NIPPV,
whereas the non-survivor group showed 4.4 £ 3.1 days.

Gungor et al.28 demonstrated the APACHE II score
greater than 20 and continuous NIPPV demand indicated
a significant risk for NIPPV failure: hazard ratio (HR) 2.77
(95% CI 1.19-6.45); p<0.02, and HR 5.12 (95% ClI
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1.44-18.19); p<0.01, respectively. On the contrary, the re-
sult from Vianello et al.32 conducted in HFNC demon-
strated a significantly higher APACHE II score in a success
group than a failure group (p=0.043).

DISCUSSION

To our knowledge, this is the first systematic review with
meta-analysis to compare the effectiveness of noninvasive
respiratory supports (NIPPV and/or HFNC) and conven-
tional oxygen therapy (COT) for improving oxygenation and
ventilation in ILD patients with ARF.

Compared with COT, noninvasive respiratory supports
significantly increased PF ratio. The subgroup analysis sug-
gested a significant benefit of both NIPPV and HFNC on
PF ratio. When comparing NIPPV and HFNC, PF ratio was
significantly increased in NIPPV. There was no difference
in mortality and intubation rate between the two groups.
However, the hospital length of stay showed a significantly
shorter duration with HFNC compared to NIPPV. The num-
ber of reported serious complications (i.e., pneumothorax,
nasal bleeding) was low.

According to ERS recommendation, NIPPV is recom-
mended for ARF with chronic obstructive pulmonary dis-
ease exacerbation and/or weaning, cardiogenic pulmonary
edema and immunocompromised patients.2! In contrast,
HFNC is strongly recommended in acute hypoxemic respi-
ratory failure and conditionally recommended in any high-
risk features following extubation or in high-risk and/or
obese patients following cardiac or thoracic surgery.20
Notwithstanding, none of the studies explicitly evaluated
patients with ILDs.

In our study, noninvasive respiratory supports signifi-
cantly improved PF ratio compared to COT, and both NIPPV
and HFNC subgroups demonstrated this improvement. An
earlier systematic review determined that NIPPV improves
ventilation-perfusion mismatch and decreases the work of
respiratory muscles38 Furthermore, NIPPV has been de-
scribed as decreasing venous return against pulmonary
edema, improving oxygenation, particularly in concomitant
cardiac dysfunction patients.3® Similarly, HFNC subgroup
analysis demonstrated a significant improvement on PF ra-
tio compared to COT. Prior studies have demonstrated that
HFNC improves mucociliary clearance, reducing upper-air-
way dead space, generating a low level of positive airway
pressure with consistent FiO2 regardless of inspiratory flow
rate and ultimately providing comfort for the patient.40:41
In our study, PF ratio was significantly increased in NIPPV.
This result may be potentially explained by lung recruit-
ment after receiving adequate positive pressure.4243

Noninvasive respiratory supports did not show a signifi-
cant reduction in carbon dioxide (CO,) levels. This may re-
flect many variables (patient’s conditions, various settings
of HFNC and NIPPV (CPAP and/or BiPAP), different types of
interfaces) across studies. Notably, the risk of carbon diox-
ide rebreathing was higher on helmet interface.4445 In a
recent meta-analysis of trials of acute hypoxemic respira-
tory failure, treatment with noninvasive respiratory sup-
port strategies was associated with a lower risk of death

and intubation46; however, our study demonstrated none of
those benefits. Of note, acute pneumonia was a frequent
cause of acute hypoxemic respiratory failure in the afore-
mentioned meta-analysis, and the high reversible potential
of this acute pneumonia may have contributed to the
favourable outcomes described. In our study, HFNC showed
a significant decrease in hospital length of stay compared
to NIPPV. This finding was consistent with recent studies
demonstrating decreased length of stay in patients with
hypercapnic respiratory failure and hypoxemia related to
COVID pneumonia when using HFNC.4748 Recent studies
have proposed that diaphragm atrophy, a result of positive
pressure ventilation, may cause prolonged hospital length
of stay in NIPPV patients; however, these positive pressure
effects were only related to mechanical ventilation.4950
Therefore, this issue may require further scientific study.

A strength of this meta-analysis is that it includes a large
number of subjects with ILDs with ARF. Our meta-analy-
sis was guided by a registered protocol and strengthened
by an extensive search, duplicate citation screening, data
abstraction and conducting of prespecified subgroup analy-
ses. However, there are limitations. First, data was obtained
primarily from retrospective studies (eight of ten). Thus,
the overall level of evidence is low to moderate. Second,
summary estimates were limited by heterogeneous types of
ILDs, which may interfere with a treatment response and an
overall prognosis.

CONCLUSION

In summary, NIPPV or HFNC might be an alternative
modality in ILD patients with ARF, mainly to avoid the neg-
ative consequences of intubation. NIPPV showed a signifi-
cant improvement in PF ratio compared to HFNC. However,
there were no mortality and intubation rate benefits when
comparing NIPPV and HFNC.
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