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Abstract.	 [Purpose]	The	aim	of	this	study	was	to	assess	the	efficacy	of	noninvasive	ventilation	(NIV)	in	acute	
respiratory	distress	syndrome	(ARDS).	[Subjects	and	Methods]	The	clinical	data	of	58	patients	with	ARDS	that	
required	mechanical	ventilation	 in	 two	 intensive	care	units	 (ICU)	was	reviewed.	 [Results]	Endotracheal	 intuba-
tion	was	performed	in	55.17%	of	the	total	patients	and	in	39.53%	of	the	patients	who	received	NIV	treatment.	The	
APACHE	II	score	for	patients	who	only	received	IV	was	significantly	higher	than	those	who	only	underwent	NIV	
(25.67	±	5.30	vs.	18.12	±	7.20).	However,	there	were	no	significant	differences	in	28-day/90-day	survival	rates,	du-
ration	of	mechanical	ventilation,	and	length	of	ICU	stay	between	these	two	groups.	For	patients	from	a	NIV-to-IV	
group,	the	APACHE	II	scores	before	endotracheal	intubation	were	higher	than	the	scores	from	IV	patients	(26.12	±	
4.08	vs.	21.94	±	6.10).	The	90-day	survival	rate	in	the	NIV-to-IV	group	was	significantly	lower	than	that	of	the	IV-
only	group	(23.5%	vs.	73.3%),	although	there	was	no	difference	in	the	28-day	survival	rate	between	the	two	groups.	
[Conclusion]	The	application	of	NIV	reduces	the	percentage	of	patients	requiring	endotracheal	intubation.
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INTRODUCTION

Acute	respiratory	distress	syndrome	(ARDS)	is	a	major	cause	of	acute	respiratory	failure	and	it	is	associated	with	high	
mortality	 and	morbidity1).	A	 range	of	physical	methods	 for	 the	general	 treatment	of	 respiratory	diseases	 is	 available2–6).	
Among	these	methods,	noninvasive	ventilation	(NIV)	is	a	widely	accepted	treatment	that	has	been	used	for	diseases	such	
chronic	obstructive	pulmonary	disease	exacerbation	and	cardiogenic	pulmonary	edema	 for	more	 than	2	decades7–9).	The	
advantages	of	NIV	include	no	requirement	for	endotracheal	intubation,	which	lowers	the	risk	of	ventilator-associated	pneu-
monia,	a	shorter	intensive	care	unit	(ICU)	length	of	stay,	and	decreased	hospitalization	costs10).	However,	the	use	of	NIV	
for	 the	treatment	of	ARDS	is	somewhat	controversial.	Agarwal	et	al.	conducted	a	meta-analysis	 to	assess	 the	percentage	
of	ARDS	patients	who	were	treated	with	NIV	and	required	endotracheal	intubation	between	1995	and	2009,	as	well	as	the	
mortality	rate	of	these	patients11).	Approximately	50%	of	the	ARDS	patients	treated	with	NIV	were	spared	from	endotracheal	
intubation.	Therefore,	NIV	can	be	used	in	selected	patients,	especially	those	presenting	mild	to	moderate	ARDS.	However,	
some	studies	have	indicated	that	once	NIV	fails,	the	prognosis	becomes	worse12,	13).	Thus,	the	timing	of	subsequent	IV	may	
be	critical.

Since	there	has	been	limited	discussion	of	opposing	viewpoints	regarding	the	application	of	NIV	for	ARDS	in	the	literature	
to	date,	we	aim	to	help	resolve	any	misunderstanding	in	the	present	study.	Thus,	we	have	performed	a	retrospective	clinical	
study	to	assess	the	effect	of	NIV	(performed	according	to	a	standardized	procedure	in	our	ICUs)	on	the	prognosis	of	ARDS.

SUBJECTS AND METHODS

The	clinical	data	of	ARDS	patients	that	required	mechanical	ventilation	in	either	the	ICU	of	the	Department	of	Respiratory	
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medicine	or	the	ICU	of	the	Department	of	Surgery	at	Zhongshan	Hospital	affiliated	with	Fudan	University	between	July	2005	
and	January	2007	was	reviewed	retrospectively.

All	patients	met	the	diagnostic	criteria	for	ARDS	proposed	at	the	American-European	Consensus	Conference	(AECC)	in	
1994	as	follows:	1)	acute	onset;	2)	partial	pressure	of	arterial	blood	oxygen/fraction	of	inspired	oxygen	(PaO2/FiO2)	≤200	
mmHg;	3)	bilateral	infiltrates	on	frontal	chest	radiograph;	and,	4)	pulmonary	artery	wedge	≤18mmHg	or	no	clinical	evidence	
of	left	arterial	hypertension14).	The	exclusion/withdrawal	criteria	were	as	follows:	1)	patients	who	were	not	suitable	for	NIV	
but	rejected	(or	whose	representatives	rejected)	endotracheal	intubation;	2)	patients	who	refused	treatment;	and,	3)	patients	
who	required	early	discharge	from	the	hospital	or	transfer	to	another	hospital.	The	study	was	approved	by	the	ethics	commit-
tee	of	Zhongshan	hospital.	Written	informed	consent	was	obtained	from	all	patients.

In	both	ICUs,	all	the	participating	team	members	had	previous	experience	with	NIV.	NIV	was	applied	promptly	after	the	
patient	was	diagnosed	as	having	ARDS.	However,	NIV	was	considered	inappropriate	for	the	following	patients:	1)	those	
unconscious	 or	 uncooperative;	 2)	 those	with	 increased	 airway	 secretion	 accompanied	by	decreased	 airway	 self-cleaning	
function;	3)	those	with	upper	gastrointestinal	bleeding	or	heavy	vomiting;	4)	those	with	unstable	hemodynamics;	5)	those	
who	could	not	wear	an	NIV	mask	due	to	face	deformation,	trauma,	or	surgery;	6)	those	who	underwent	tracheostomy;	and,	
7)	those	who	experienced	extubation	failure	after	surgery.

At	 the	start	of	NIV,	 the	head	of	 the	bed	was	elevated	 to	30–45°	during	ventilation	 to	minimize	 the	risk	of	aspiration.	
No	patients	were	 sedated	at	 any	 stage	during	 the	NIV	procedure.	The	patients	 received	bilevel	positive	airway	pressure	
(BiPAP)	ventilation	(BiPAP	synchrony,	Philips	Respironics,	Pittsburgh,	USA)	wearing	oronasal	masks.	The	initial	positive	
end-expiratory	pressure	(PEEP)	was	5	cmH2O	and	the	pressure	support	was	adjusted	to	maintain	a	tidal	volume	of	6–10	ml/
kg.	The	blood	oxygen	saturation	(SpO2)≥90%	or	PaO2≥60	mmHg	was	achieved	through	the	adjustment	of	PEEP	and	FiO2.	
The	procedures	were	performed	as	 follows:	a)	PEEP	was	 initially	 set	at	5	cmH2O,	and	FiO2	was	 increased	gradually	 to	
achieve	the	goal	of	SpO2≥90%	or	PaO2≥60	mmHg;	b)	When	FiO2	reached	60%	but	SpO2 or PaO2	did	not	meet	the	require-
ment,	PEEP	was	gradually	increased	in	increments	of	2–3	cmH2O;	and,	c)	When	PEEP	reached	10	cmH2O	but	SpO2 or PaO2 
still	did	not	meet	the	requirement,	then	FiO2	was	further	increased.	The	vital	signs	of	the	patients	were	closely	monitored	at	
all	times	during	this	procedure.

In	patients	presenting	conditions	inappropriate	for	NIV,	IV	was	applied	immediately	with	the	written	agreement	of	the	
patient	or	their	representative.	In	addition,	if:	1)	SpO2<90%	or	PaO2<60	mmHg	continuing	for	over	1	hour	or,	2)	the	condi-
tions	were	otherwise	deemed	inappropriate	for	NIV,	then	the	ventilation	procedure	in	that	patient	was	changed	from	NIV	to	
endotracheal	intubation.

The	 invasive	ventilation	 (IV)	patients	 received	pressure-controlled	mechanical	 ventilation	modalities	 (p-SIMV	or	Bi-
PAP).	Two	 types	 of	mechanical	 ventilators	were	 used	 (without	 preference):	VELA	 (VIASYS,	 Palm	Springs,	USA)	 and	
Savina	(Drager,	Lubeck	Germany).	The	standardized	procedures	were	as	follows:	a)	Lung	protective	mechanical	ventilation	
was	performed	with	inspiratory	pressure	(i.e.	platform	pressure)	set	at	≤30	cmH2O;	b)	SpO2≥90%	or	PaO2≥60	mmHg	was	
achieved	 through	 the	adjustment	of	PEEP	 (setting	 range,	5−15	cmH2O)	and	FiO2;	 c)	While	maintaining	 lung	protective	
ventilation	and	appropriate	PEEP,	the	tidal	volume	was	increased	to	8−10	ml/kg	(standard	body	weight)	through	the	adjust-
ment	of	inspiratory	pressure;	d)	When	a	tidal	volume	of	8−10	ml/kg	could	not	be	achieved,	a	smaller	tidal	volume	ventilation	
(6–8	ml/kg)	was	permitted;	e)	To	improve	patient-ventilator	synchronization,	a	sedative	(midazolam)	and/or	muscle	relaxant	
(vecuronium	bromide)	was	used;	f)	When	FiO2≤40%	and	PEEP≤5	cmH2O	were	achieved,	the	patient	was	gradually	weaned	
from	mechanical	ventilation,	and	a	spontaneous	breathing	trial	(SBT)	was	performed	before	fully	withdrawing	ventilatory	
support;	and	g)	Extubation	was	performed	for	patients	who	were	successfully	withdrawn	from	the	ventilator.

The	following	clinical	information	was	collected:	sex;	age;	primary	diagnosis;	risk	factors,	including	hypertension	and	
diabetes;	Acute	 Physiology	 and	Chronic	Health	 Evaluation	 II	 (APACHE	 II)	 scores	when	 patients	were	 diagnosed	with	
ARDS;	whether	endotracheal	intubation	was	performed	on	patients	with	NIV;	vital	signs;	arterial	blood	gases;	duration	of	
mechanical	ventilation;	the	length	of	ICU	stay;	28-day	survival;	90-day	survival.

The	Statistical	Package	for	the	Social	Sciences	(SPSS)	version	17.0	software	(SPSS	Inc.,	Chicago,	IL,	USA)	was	used	
for	statistical	analysis.	Independent	t-tests	were	used	to	compare	the	means	between	2	groups.	One-way	analysis	of	variance	
(ANOVA)	was	used	to	compare	the	means	between	multiple	groups.	When	a	significant	difference	was	present,	pairwise	
comparisons	using	the	LSD	method	were	conducted.	A	paired-sample	t-test	was	used	to	compare	the	means	from	the	same	
set	of	patients	before	and	after	the	intervention	was	performed.	The	chi-square	test	was	used	for	categorical	variables,	and	if	
a	significant	difference	was	detected,	this	test	was	expanded	for	pairwise	comparisons	and	the	significance	level	was	adjusted	
appropriately	(α=0.05/number	of	comparisons;	number	of	comparisons=n(n−1)/2).	Kaplan-Meier	survival	curves	were	plot-
ted	and	the	log	rank	test	was	used	for	comparisons	between	the	survival	curves.

RESULTS

A	total	of	72	patients	with	ARDS	were	screened	and	58	were	included.	Forty-three	patients	received	NIV	as	the	first	choice	
of	treatment,	however,	NIV	was	changed	to	IV	in	17	patients	according	to	the	standardized	procedure	of	our	ICUs.	Moreover,	
IV	was	applied	to	15	patients	as	first-line	therapy.

The	APACHE	II	scores	of	the	patients	in	the	IV	group	were	significantly	higher	than	those	of	the	patients	in	the	NIV	
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group,	which	indicated	that	the	severity	of	disease	of	IV	patients	was	higher	than	that	of	NIV	patients.	However,	there	were	
no	significant	differences	in	age,	gender,	cause	of	disease,	and	PaO2/FiO2	ratio	between	the	2	groups	(Table	1).	There	were	
17	patients	who	were	assigned	to	the	NIV	group	but	eventually	changed	to	endotracheal	intubation.	The	duration	of	NIV	
treatment	for	these	patients	was	5.29	±	4.92	days.	Endotracheal	intubation	was	ultimately	performed	in	39.53%	of	the	patients	
in	the	NIV	group	and	55.17%	of	the	total	patient	cohort.	The	patients	were	further	divided	into	3	groups:	the	IV-only	group	
(patients	who	only	received	IV),	the	NIV-only	group	(patients	who	only	received	NIV),	and	the	NIV-to-IV	group	(patients	
who	first	received	NIV	but	subsequently	required	IV).	The	APACHE	II	scores	of	the	IV-only	group	were	significantly	higher	
than	those	of	the	NIV-only	group	(25.67	±	5.30	vs.	18.12	±	7.20),	though	there	were	no	significant	differences	between	the	
APACHE	II	score	of	the	NIV-to-IV	group	and	those	of	the	other	2	groups	(Fig.	1).	This	result	indicated	that	the	severity	of	
disease	for	patients	in	the	NIV-to-IV	group	was	within	the	same	range	as	patients	assigned	to	the	other	2	groups.	There	were	
no	significant	differences	in	age,	gender,	cause	of	disease,	and	PaO2/FiO2	ratio	among	these	3	groups	(Table	2).

For	the	NIV-to-IV	group,	APACHE	II	scores	were	collected	when	patients	were	diagnosed	with	ARDS	and	also	when	
endotracheal	intubation	was	performed.	The	latter	scores	were	significantly	higher	than	the	former	(26.12	±	4.08	vs.	21.94	
±	6.10,	p=0.002),	indicating	that	the	condition	of	patients	in	the	NIV-to-IV	group	progressively	worsened.	Moreover,	there	
were	no	significant	differences	in	APACHE	II	scores	between	the	NIV-to-IV	group	and	IV-only	group	(26.12	±	4.08	vs.	25.67	
±	5.30,	p=0.832)	after	endotracheal	intubation	had	been	performed	on	patients.

There	were	significant	differences	between	the	3	groups	in	the	90-day	survival	rate,	but	not	in	the	28-day	survival	rate,	
duration	of	mechanical	ventilation,	or	ICU	length	of	stay	(Table	3).	Further	analysis	indicated	that	significantly	more	patients	
in	the	IV-only	group	(compared	to	those	of	the	NIV-to-IV	group)	survived	for	90	days	(p=0.005).	The	survival	curves	also	
demonstrated	that	the	90-day	cumulative	survival	rate	of	the	IV-only	group	was	significantly	higher	than	that	of	the	NIV-to-
IV	group	(p=0.016).

When	an	NIV-treated	patient	required	IV,	the	oronasal	mask	was	removed	and	endotracheal	intubation	was	performed.	
Dynamic	monitoring	of	SpO2	was	conducted	to	compare	the	lowest	SpO2	within	the	5	minute	period	before	the	removal	
of	the	oronasal	mask	(88.29	±	2.23)	and	the	lowest	SpO2	during	endotracheal	intubation	(73.65	±	4.90).	According	to	this	
result,	SpO2	decreased	significantly	during	endotracheal	intubation.	Thus,	endotracheal	intubation	can	increase	the	severity	
of	hypoxia	of	patients	treated	with	NIV.

DISCUSSION

The	use	of	NIV	for	the	treatment	of	ARDS	remains	controversial.	The	present	study	has	demonstrated	that	approximately	
half	 of	 our	 patients	were	 spared	 from	 endotracheal	 intubation	 through	 application	 of	NIV.	This	 result	 is	 similar	 to	 that	
reported	 in	 the	meta-analysis	performed	by	Agarwal	 et	 al11).	However,	 further	 analyses	 revealed	 that	 the	 severity	of	 the	
disease	was	significantly	higher	in	patients	who	received	IV	only	compared	with	patients	who	underwent	NIV	only,	although	
there	were	no	significant	differences	in	the	28-day	survival	rate,	90-day	survival	rate,	duration	of	mechanical	ventilation,	or	
ICU	length	of	stay	between	these	2	groups.

At	the	onset	of	ARDS,	the	severity	of	disease	was	milder	in	the	NIV-to-IV	patients	compared	with	those	who	received	IV	
only.	With	the	progression	of	the	disease,	there	was	no	significant	difference	in	APACHE	II	scores	between	the	NIV-to-IV	
group	and	the	IV-only	group	before	endotracheal	intubation.	However,	the	90-day	survival	rate	of	the	NIV-to-IV	group	was	
significantly	lower	than	that	of	the	IV-only	group.	Although	the	28-day	survival	rate	of	the	NIV-to-IV	group	was	also	lower	

Table 1.	General	characteristics	of	the	initial	2	groups	of	ventila-
tor-treated	patients

Noninvasive	 
(n=43)

Invasive	 
(n=15)

Age	(years) 54.2	±	18.9 62.1	±	13.9
Males/Females 26/17 11/4
Etiology	of	ARDS	 
(pulmonary/extrapulmonary) 27/16 8/7

PaO2/FiO2	(mmHg) 130.4	±	45.5 110.7	±	37.8
APACHE	II	score* 19.6	±	7.0 25.7	±	5.3
Hypertension	(%) 14	(32.6%) 4	(26.7%)
Diabetes	(n) 10	(23.3%) 1	(6.7%)
*p<0.05

Fig. 1.		Flow	chart	of	patients’	screening	and	enrollment
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than	that	of	the	IV-only	group	(35.29%	vs.	73.33%),	this	difference	was	not	statistically	significant.	Upon	analysis	of	our	
results,	it	is	apparent	that	instead	of	reducing	ARDS	mortality	rates,	patients’	prognoses	were	worsened	when	endotracheal	
intubation	had	to	be	performed	as	a	consequence	of	failure	of	NIV	(according	to	our	standardized	procedure).	Several	previ-
ous	studies	have	also	indicated	that	 the	mortality	rates	of	patients	who	experienced	NIV	failure	were	higher	 than	that	of	
those	who	did	not	receive	NIV11,	12).	Moreover,	Schnell	et	al.	proposed	that	NIV	failure	was	an	independent	risk	factor	for	
mortality9).

Although	NIV	possesses	distinct	advantages,	an	airtight	seal	between	the	airway	device	and	the	airway	of	the	patient	is	
difficult	to	achieve.	The	consequent	air	leakage	will	result	in	hypoventilation,	flatulence,	and	respiratory	secretion	expectora-
tion	difficulties.	In	addition,	NIV	has	the	disadvantage	of	a	lack	of	patient-ventilator	desynchronization.	These	factors	play	a	
negative	role	in	the	application	of	NIV	in	ARDS	patients.	Once	NIV	fails	and	endotracheal	intubation	has	to	be	performed,	
serious	hypoxemia	may	occur.	Indeed,	according	to	our	study,	endotracheal	intubation	under	these	circumstances	can	sig-
nificantly	increase	the	severity	of	hypoxia,	thus	rendering	the	condition	of	the	patient	even	worse.	Furthermore,	according	
to	a	study	by	Delclaux	et	al.,	cardiac	arrest	can	occur	during	endotracheal	intubation	in	continuous	positive	airway	pressure	
therapy	due	to	hypoxia15).

Three	 randomized	 controlled	 trials	 have	 been	 published	 that	 have	 assessed	 the	 effect	 of	NIV	 on	ARDS12,	 16,	 17).	Ac-
cording	to	the	results	of	 these	studies,	 the	percentage	of	patients	requiring	endotracheal	intubation	in	the	NIV	group	and	
the	subsequent	mortality	rate	were	not	lower	than	those	in	the	high-concentration	oxygen	group.	Therefore,	Agarwal	et	al.	
proposed	that	NIV	should	be	used	only	in	carefully	selected	ARDS	patients	admitted	to	the	ICU,	and	that	close	monitoring	of	
the	patient’s	condition	should	be	performed11).	Antonelli	et	al.	reported	that	a	simplified	acute	physiology	score	II	(SAPS	II)	
>34	and	a	PaO2/FiO2≤175	after	1	h	of	NIV	were	independently	associated	with	NPPV	failure	and	the	need	for	endotracheal	
intubation12).	According	 to	Yoshida	 et	 al.,	 an	APACHE	 II	 score>17	and	 a	 respiratory	 rate	>25/min	 after	 1	h	of	NIV	are	
predictive	factors	for	the	need	for	endotracheal	intubation18).	In	a	study	reported	by	Thille	et	al.,	NIV	was	attempted	in	ARDS	
patients	with	a	PaO2/FiO2>15019).	However,	intubation	was	required	in	84%	of	severe	ARDS	cases	and	NIV	had	potential	
deleterious	effects	 in	these	patients.	Overall,	 the	high	mortality	rate	reported	suggests	a	cautious	approach	to	NIV	use	in	
patients	with	ARDS;	with	recommendations	including	early	initiation,	intensive	monitoring,	and	prompt	intubation	if	signs	
of	NIV	failure	emerge20).

Since	a	majority	of	ARDS	patients	suffer	from	serious	hypoxia	or	multiple	organ	failure,	invasive	ventilation	remains	the	
first	choice	treatment	strategy	for	these	patients.	However,	additional	prospective	studies	are	needed	to	determine	whether	
NIV	is	more	suitable	for	some	candidates.	The	present	study	was	limited	by	its	small	sample	size.	Therefore,	studies	with	
larger	sample	sizes	are	also	needed	for	further	evaluation	of	the	efficacy	of	NIV	in	the	treatment	of	ARDS.

In	our	study	comprising	58	patients	with	ARDS,	application	of	NIV	reduced	the	percentage	of	patients	requiring	endo-
tracheal	intubation,	but	it	did	not	decrease	the	mortality	rate	of	ARDS	patients.	Furthermore,	in	cases	where	NIV	failed	and	
the	patient	required	endotracheal	intubation,	the	prognosis	was	even	worse	(using	the	standardized	procedure	of	NIV	in	our	
ICUs.)	Overall,	NIV	should	be	used	only	in	carefully	selected	ARDS	patients.

Table 3.		Outcomes	of	the	three	groups	of	ventilator-treated	patients

Noninvasive	only	 
(n=26)

Noninvasive	to	invasive	 
(n=17)

Invasive	only	 
(n=15)

Survived	for	28	days	(%) 15	(57.69%) 6	(35.29%) 11	(73.33%)
Survived	for	90	days	(%)* 14	(53.85%) 4	(23.53%)† 11	(73.33%)†

Duration	of	mechanical	ventilation 11.8	±	10.3 19.1	±	23.3 13.9	±	11.9
ICU	length	of	stay 26.4	±	18.3 23.9	±	30.2 24.1	±	26.7
*p<0.05;	†There	was	a	significant	difference	between	the	2	groups,	p=0.005	(adjusted	significance	level:	α=0.017)

Table 2.		General	characteristics	of	the	final	three	groups	of	ventilator-treated	patients

Noninvasive	only	 
(n=26)

Noninvasive	to	invasive	 
(n=17)

Invasive	only	 
(n=15)

Age	(years) 51.9	±	18.5 57.9	±	19.4 62.1	±	13.9
Males/Females 17/9 9/8 11/4
Etiology	of	ARDS	(pulmonary/extrapulmonary) 17/9 10/7 8/7
PaO2/FiO2	(mmHg) 135.6	±	41.6 122.4	±	51.3 110.7	±	37.8
APACHE	II	score* 18.1	±	7.2† 21.9	±	6.1 25.7	±	5.3†

Hypertension	(%) 8	(30.8%) 6	(35.3%) 4	(26.7%)
Diabetes	(n) 8	(30.8%) 2	(11.8%) 1	(6.7%)
*p<0.05;	†There	was	a	significant	difference	between	the	2	groups,	p=0.001
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