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Objective:	 To	 assess	 the	 cardiac	 autonomic	 modulation	 through	 heart	 rate	 variability	

(HRV)	 in	 response	 to	 alveolar	 recruitment	 manoeuvre	 (ARM)	 of	 patients	 with	 acute	

respiratory	distress	syndrome	(ARDS).	Methods:	We	have	studied	four	patients	with	ARDS.	

The	RR	intervals	were	recorded	before,	during	and	after	alveolar	recruitment	manoeuvre	

(ARM),	along	with	blood	pressure	 (BP),	oxygen	arterial	pressure	 (PaO₂),	oxygen	 inspired	

fraction	 (FiO2)	heart	 rate	 (HR),	oxygen	peripheral	 saturation	 (SpO₂),	 compliance	 (Comp),	

resistance	(Res),	and	PaO₂/FiO₂	ratio.	HRV	was	analyzed	by	using	linear	time-domain	(TD)	

and	non-linear	methods.	The	former	consisted	of	RMSSD	(root	mean	square	of	squares	of	

differences	between	successive	R-Ri	values)	and	SDNN	(standard	deviation	of	the	mean	of	

normal	R-Ri	values)	in	the	frequency	domain	(FD)	regarding	low	(LF)	and	high	frequency	

(HF)	bands	as	well	as	LF/HF	ratio,	whereas	the	latter	consisted	of	short-	(SD1)	and	long-

term	(SD2)	records,	and	de-trended	\luctuation	analysis	of	short-	(DFAα1)	and	 long-term	

(DFAα2)	 duration.	 Results:	 We	 found	 signi\icant	 increases	 in	 the	 variables	 Comp	 and	

PaO₂/FiO₂	 compared	 to	 the	 rest	 period,	 and	 in	 SatO₂	 at	 the	 end	 of	 ARM.	 In	 addition,		

recovery	 and	 decreased	 Res	 were	 also	 found	 at	 the	 end	 of	 ARM	 compared	 to	 the	 rest	

period.	 HRV	 showed	 a	 signi\icant	 increase	 in	 index	 DFAα1	 during	 ARM	 as	 well	 as	 a	

tendency	of	decrease	in	RMSSD	and	increase	in	SDNN,	including	increase	in	SD1,	SD2,	and	

DFAα2	as	well.	Conclusion:	HRV	undergoes	changes	in	response	to	ARM	with	a	tendency	

of	decrease	in	the	parasympathetic	activity	and	increase	in	the	total	variability	during	ARM.	
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INTRODUCTION	

The	acute	respiratory	distress	syndrome	(ARDS)	is	de\ined	

as	 an	 acute	 in\lammatory	 pulmonary	 syndrome	 of	 varied	

etiologies	 involving	 risk	 factors	 for	 lung	 lesions	 such	 as	

sepsis	 and	 pneumonia,	 evolving	 to	 severe	 hypoxemia,	

bilateral	pulmonary	in\iltrate	on	chest	x-ray	and	reduction	

in	pulmonary	 compliance.	The	majority	of	patients	 in	 this	

situation	 will	 eventually	 need	 mechanical	 ventilation1-3.	

Both	 incidence	 and	 diagnostic	 criteria	 for	 patients	 with	

ARDS	 are	 controversial4.	 In	 1994,	 however,	 the	American-

European	 Consensus	 Conference	 Committee	 (AECC)	

de\ined	 these	 criteria	 as	 being	 acute	 respiratory	

insuf\iciency	with	bilateral	pulmonary	in\iltrate	on	chest	x-

ray,	 severe	 hypoxemia	 with	 the	 ratio	 of	 oxygen	 arterial	

pressure	(PaO2)	and	oxygen	 inspired	 fraction	(FiO2)	 lower	

than	200	mmHg,	and	absence	of	clinical	signs	of	left	cardiac	

insuf\iciency2.	

Although	 there	 is	 a	 consensus	 on	 the	 strategic	 use	 of	

mechanical	ventilation	to	protect	the	lungs	of	patients	with	

ARDS	 at	 low	 current	 volume	 (4-6	 mL/Kg)	 and	 plateau	

pressure	below	35	cmH2O3,	pulmonary	 failure	and	 lesions	

resulting	 from	 the	 cyclic	 alveolar	 opening	 and	 closing	 in	

patients	 with	 ARDS	 on	 mechanical	 ventilation	 are	 still	 of	

concern	 during	 their	 treatment5,	 including	 poor	 positive	

end-expiratory	pressure	(PEEP),	which	makes	it	dif\icult	to	

keep	 lungs	 open	 during	 the	 whole	 respiratory	 cycle	 6.	

Within	 this	 context,	 the	 alveolar	 recruitment	 manoeuvre	

(ARM)	 is	 aimed	 at	 eliminating	 any	 pulmonary	 collapse7.	

Despite	 its	 controversial	 use8-10,	 ARM	 is	 indicated	 as	 a	

helpful	method	for	pulmonary	protection7,	being	de\ined	as	

a	 re-expansion	 of	 previously	 collapsed	 lung	 tissues	 by	

increasing	 the	 intra-pulmonary	 pressure	 to	 decrease	 the	

cyclic	opening	and	closing	of	different	alveolar	regions	and	

to	 improve	 the	pulmonary	volume	 in	non-ventilated	areas	
11.	When	correctly	performed,	ARM	may	play	a	crucial	role	

in	 re-establishing	 ventilation	 and	 perfusion	 in	 recruited	

areas,	thus	improving	gas	exchange	7,	10.	

The	 high	 intra-thoracic	 pressures	 promoted	 by	 ARM	 can	

have	 a	 signi\icant	 hemodynamic	 repercussion,	 with	

decrease	in	cardiac	output	and	venous	return	as	a	result	3,	

10,	12,	13.	However,	 literature	on	 the	ARM	 impact	on	cardiac	

function	 is	 scanty.	 The	 heart	 rate	 variability	 (HRV),	

representing	 one	 of	 the	 most	 important	 non-invasive	

markers	 for	 assessment	 of	 the	 sympathetic-vagal	

modulation	of	the	heart14,	15,	has	been	shown	to	be	useful	in	

re\lecting	the	cardiovascular	adjustments	promoted	by	new	

demands.	 In	 this	 sense,	 our	 hypothesis	 is	 that	HRV	might	

re\lect	 the	modi\ications	 in	 the	 cardiac	 function	promoted	

by	ARM.	 In	view	of	 this,	 the	objective	of	 the	present	study	

was	 to	 assess	 the	 cardiac	 autonomic	 modulation	 during	

ARM	in	patients	diagnosed	with	ARDS.	!
MATERIALS	AND	METHODS	

Study	

This	 is	 a	 quantitative	 analytic	 study	 with	 cross-sectional	

characteristic	 in	 which	 17	 adult	 patients	 who	 had	 early-

onset	(less	than	24	h)	moderate	or	severe	ARDS	and	were	

hospitalized	 in	 the	Federal	University	 of	Uberlândia	Clinic	

Hospital’s	 Intensive	 Care	 Unit	 between	 June	 and	 October	

2011,	were	evaluated.	All	patients	were	over	18	years	old,	

sedated,	 and	 on	mechanical	 ventilation	 as	 they	 presented	

oxygen	de\icit	according	to	PaO₂	and	SpO₂.	

According	to	resolution	number	196/96	established	by	the	

National	 Health	 Council,	 their	 legal	 caregivers	 signed	 an	

informed	 consent	 form	 after	 explanation	 about	 the	

objectives	 of	 the	 study.	 The	 study	 was	 approved	 by	 the	

Human	 Research	 Ethics	 Committee	 of	 the	 Federal	

University	of	Uberlândia	through	protocol	number	052/11.	

Inclusion	and	Exclusion	Criteria		

The	 patients	 who	 took	 part	 in	 the	 present	 study	 were	

clinically	diagnosed	with	ARDS	based	on	diagnostic	criteria	

established	by	the	AECC2.	Patients	with	cardiac	pacemaker,	

presenting	with	signi\icant	arrhythmia	(more	than	15%	of	

total	 sinus	 beats),	 heart-transplanted	 or	 treated	 for	

intracranial	 pressure	 control	 were	 excluded.	 In	 addition,	

exclusion	 criteria	 included	 potential	 contraindications	 for	

ARM	 such	 as	 haemodynamic	 instability	 (mean	 arterial	

pressure	 <65	 mmHg),	 bronchopleural	 \istula,	 signi\icant	

p leura l	 e f fus ion ,	 pneumothorax	 or	 h is tory	 o f	

pneumothorax,	 emphysema,	 and	 pulmonary	 arterial	

hypertension.		

Experimental	Procedure		

After	 clinical	 and	 radiological	 indication	 for	 ARM	

procedure,	the	patients	were	previously	sedated	before	30	

minutes	of	 the	manoeuvre,	positioned	 in	dorsal	decubitus,	

and	 put	 on	 mechanical	 ventilation.	 Prior	 to	 the	 ARM,	

bronchial	 hygiene	 was	 performed	 with	 aspiration	 of	 lung	

secretion	 and	 leak-check	 procedure	 done,	 including	
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adequacy	of	the	endotracheal	cuff	pressure	to	maintain	the	

pressure	 of	 30	mmHg	 in	 order	 to	 prevent	 leakage	 around	

the	cuff.	Next,	a	10-minute	rest	period	was	allowed	so	that	

cardiovascular	 and	 pulmonary	 functions	 could	 return	 to	

their	same	conditions	before	bronchial	hygiene.		

In	 order	 to	 decrease	 the	 error	 margin	 of	 the	 ventilation	

variables,	all	patients	included	in	the	study	were	ventilated	

with	 the	 same	 mechanical	 ventilation	 device,	 that	 is,	 a	

Dixtal	 DX3010	 (Dixtal	 Biomédica	 Ind.	 &	 Com.	 Ltda,,	 São	

Paulo.	Brazil).		

Heart	rate	(HR)	and	R-R	intervals	(R-Ri)	were	recorded	by	

using	 a	 heart-rate	 monitor	 (Polar,	 model	 PS800CX,	

Proximus,	 Finland)	 on	 a	 continuous	 basis,	 starting	 10	

minutes	before,	during	7	minutes	and	\inishing	10	minutes	

after	 the	 ARM	 procedure.	 This	 allowed	 three	 different	

monitoring	 periods	 to	 be	 recorded	 for	 data	 analysis,	

namely,	 beginning	 of	 ARM,	 during	 ARM,	 and	 10	 minutes	

after	 ARM.	 The	 variables	 HR,	 SpO2,	 systolic	 arterial	

pressure	 (SAP),	 diastolic	 arterial	 pressure	 (DAP)	 were	

recorded	 in	 all	 three	 monitoring	 periods,	 whereas	 static	

pulmonary	 compliance	 (Comp),	 respiratory	 system	

resistance	(Res),	and	gasometry	were	recorded	10	minutes	

before	 ARM	 and	 immediately	 after	 it.	 The	 experimental	

design	 in	 Figure	 1	 illustrates	 the	 whole	 phase	 of	 data	

collection.	 

Figure1.	 	Experimental	design	of	data	collection.	AP	(arterial	pressure);	HR	(heart	rate);	SpO2	(oxygen	arterial	saturation);	

Comp	(compliance);	Res	(Resistance);	BHM	(bronchial	hygiene	manoeuvre);	ARM	(alveolar	recruitment	manoeuvre).  !!
The	ARM	procedure	was	 incrementally	 performed	 by	 one	

of	 the	 researchers	 based	 on	 Lim	 et	 a l .13	 and	

recommendations	 set	 by	 the	 Third	 Brazilian	 Council	 for	

Mechanical	 Ventilation3,	 with	 the	 patient	 being	 pressure-

controlled	ventilated.	PEEP	was	progressively	 increased	at	

15,	20,	25,	and	up	to	30	cmH2O	and	then	decreased	at	the	

same	 proportion	 up	 to	 the	 initial	 value.	 Each	 PEEP	 value	

was	 kept	 for	 1	 minute,	 totalizing	 seven	 minutes	 of	 ARM.	

The	 total	 inspiratory	 pressure	 was	 limited	 to	 15	 cmH2O	

above	the	PEEP,	allowing	a	maximum	value	of	45	cmH2O	to	

be	obtained.	FiO2	was	not	 changed,	but	 it	was	adjusted	 to	

10	respirations	per	minute		

(RPM)	 so	 that	 the	 real	 effectiveness	 of	 ARM	 on	 gas	

exchange	and	heart	rate	could	be	assessed.	!

!!
Arterial	gasometry	was	collected	by	 the	adult	 ICU	nursing	

staff	of	the	Clinic	Hospital	before	and	immediately	after	the	

end	of	ARM	 in	order	 to	compare	 the	 initial	and	 \inal	PaO2	

values	 as	 well	 as	 the	 acute	 ef\icacy	 of	 ARM	 on	 arterial	

oxygen.	!
Data	Analysis		

HRV	 was	 analyzed	 by	 using	 linear	 time-domain	 (TD),	

including	 frequency	domain	(FD),	and	non-linear	methods	

at	 different	 experimental	 periods	 of	 time.	 In	 the	 time	

domain,	 HRV	 was	 analyzed	 from	 R-Ri	 (ms)	 and	 the	

following	 indexes	 were	 used:	 mean	 R-Ri	 (ms),	 RMSSD	

(corresponding	 to	 the	 root	 mean	 square	 of	 squares	 of	

differences	 between	 successive	 R-Ri	 values)	 and	 SDNN	
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(corresponding	 to	 the	 standard	 deviation	 of	 the	 mean	 of	

normal	R-Ri	values)16,	17.		

In	 the	 frequency	 domain,	 data	 were	 analyzed	 by	 using	

power	 spectral	 density	 from	 high	 (HF)	 and	 low	 (LF)	

frequency	 bands	 in	 Hz	 (absolute	 and	 normalized	 units).	

Low	 frequency	 was	 measured	 for	 sympathetic	 and	

parasympathetic	nervous	systems,	whereas	high	frequency	

was	 measured	 for	 the	 parasympathetic	 system	 only.	 The	

HF/LF	 ratio	 was	 represented	 by	 the	 sympathetic-vagal	

balance16,	 17.	 This	 analysis	 is	 performed	 by	 applying	 the	

Fourier	quick	transformation	to	the	data16,	17.	

The	 non-linear	 methods	 were	 analyzed	 by	 using	 the	

Poincaré	 plot	 for	 dynamic	 analysis	 of	 HRV,	 both	

qualitatively	 by	 means	 of	 the	 evaluation	 of	 the	 \igure	

formed	 and	 quantitatively	 by	 means	 of	 indexes	 SD1	 and	

SD2,	with	the	former	representing	instantaneous	record	of	

the	beat-to-beat	variability	and	parasympathetic	autonomic	

activity	 and	 the	 latter	 representing	 HRV	 in	 long-term	

recordings,	that	is,	the	total	variability	16,	18.	

Another	non-linear	method	was	the	de-trended	\luctuation	

analysis,	measured	by	correlations	of	different	 time	scales	

between	 R-R	 signals	 using	 indexes	 DFAα1	 for	 short-term	

\luctuations	and	DFAα2	for	long-term	\luctuations	18.		!

All	 analyses	 involving	 HRV	 were	 performed	 by	 means	 of	

speci\ic	routine	from	the	Kubios	HRV	software	(version	2.0,	

Finland)	developed	for	this	purpose.	

The	 results	 obtained	were	 shown	 in	 tables	 containing	 the	

values	 of	means	 and	 standard-deviations.	HRV,	 ventilation	

and	 hemodynamic	 data	 were	 submitted	 to	 a	 test	 of	

frequency	 distribution	 (ANOVA)	 for	 analysis	 of	 repeated	

measures	 and	 to	 parametric	 tests	 (Tukey’s	 test)	 to	 know	

how	 they	 represent	 a	 normal	 distribution.	 All	 tests	 were	

performed	 by	 using	 the	 SigmaPlot	 for	Windows	 software	

(version	 11.0;	 Build	 11.0.0.77,	 Germany)	 at	 signi\icance	

level	of	5%.	!
RESULTS	

Out	of	the	17	patients	evaluated,	only	four	took	part	in	the	

study	as	they	were	clinically	diagnosed	with	ARDS.	Among	

the	patients	who	were	excluded,	one	was	being	treated	for	

intracranial	 pressure	 control	 and	 another	 had	 cardiac	

pacemaker,	 and	all	 the	13	patients	did	not	meet	 the	AECC	

criteria	 either.	 Figure	 2	 shows	 the	 \lowchart	 for	 patient	

screening.	 The	 mean	 age	 of	 the	 patients	 included	 in	 the	

study	were	53±24	years,	with	half	being	men.		!
!
	!
	!
	!
	!!!!!!!
Figure	2.	 	Flowchart	for	patient	screening.	Patients	included	in	the	study	sample	corresponding	the	period	between	June	to	

October	2011	!!! !

Patients	admitted	to	ICU								
N	=	286

Eligible	for	study																							
N	=	17

Total	of	patients	meeting			
inclusion	criteria																							

N	=	4

No	signs	of	hypoxemia	and/or	
spontaneous	response												

N	=	273

Excluded:	N	=	13																				
IPC	=	1																									

Pacemaker	=	1																				
AECC	criteria	not	met	=	13
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All	 were	 receiving	 antibiotic	 therapy	 and	 sedation	 still	

containing	propophol	(n	=	100%),	fentanyl	(n	=	100%)	and	

midazolam	 (n	 =	 75%).	 The	 initial	 diagnoses	 were	

pneumonia	 (50%)	 and	 ARDS	 (50%).	 Clinical	 and	

demographic	characteristics	as	well	as	medications	used	by	

patients	during	data	collection.	 !
Table	1.		Clinical	and	demographic	characteristics	and	medications	used	by	patients	(mean	±	SD).

Pt:	Patient;		P:	Propofol;	F:	Fentanyl;	M:	Midazolam	!
The	 variables	 SAP,	 DAP,	 HR,	 SpO2,	 Comp,	 Res,	 PaO2	 and	

PaO2/FiO2	 ratio	 are	 presented	 in	 Table	 2.	 Statistically	

signi\icant	differences	were	found	for	variables	Comp,	Res	

!

!!
and	PaO2/FiO2	(P<0.05)	ratio	regarding	 initial	 rest	and	 for	

recovery	 regarding	 initial	 rest.	 No	 signi\icant	 differences	

were	found	for	the	other	variables	(P>0.05).	

!!

Age Gender Initial	 Sedatuion Neuromuscular PEEP FiO

(years) Diagnosis blocker (cmH

			Pt.1 19 Male Pneumonia P,	F,	M Rocuronium 14 0.6

			Pt.2 56 Male Sepsis P,	F,	M Rocuronium 12 0.8

			Pt.3 62 Female Sepsis P,	F,	M - 13 0.7

			Pt.4 74 Female Pneumonia P,	F - 12 0.45

			Mean - - - - 12.7	±	0.9 0.63	±	14.9
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Table	 3	 shows	 data	 obtained	 from	 linear	 (TD	 and	 FD	

domains)	 and	 non-linear	 analyses.	 No	 signi\icant	

differences	 were	 found	 for	 linear	 method	 between	 mean	

values	 of	 rest,	 ARM	 and	 recovery	 (P>0.05).	 However,	 a	

signi\icant	difference	was	observed	in	the	non-linear		

method	 regarding	 the	 index	 DFAα1	 for	 ARM	 versus	 rest	

(P<0.05).	 Although	 only	 one	 index	 showed	 data	

signi\icance,	one	can	observe	a	 tendency	 (P=0.06)	of	ARM	

on	 TD	 (SDNN)	 and	 non-linear	 variables	 of	 HRV	 (SD2,	

P=0.06). !
Table	3.	Values	of	HRV	for	time	domain	(TD),	frequency	domain	(FD),	and	non-linear	variables	during	and	after	AMR	(mean	±	

SD).

Linear	 variables	 in	 TD:	 R-Ri	 mean:	 mean	 of	 the	 r-r	 intervals	 in	 ms;	 RMSSD:	 root	 mean	 square	 of	 squares	 of	 differences	

between	successive	R-Ri	values;	SDNN:	standard	deviation	of	the	mean	of	normal	R-Ri	values.	Linear	variables	in	FD:	LF:	low	

frequency	 in	normalised	units;	HF:	high	 frequency	 in	normalised	units.	Non-linear	 variables:	 	 SD1:	 short-term	dispersion;	

SD2:	 long-term	 dispersion;	 DFAα1:	 short-term	 de-trended	 \luctuation	 analysis;	 DFAα2:	 long-term	 de-trended	 \luctuation	

analysis.	*=p<0.05	vs.	Rest  !
Figure	3	illustrates	the	Poincaré	plot	behavior	for	a	patient.	

A	 represents	 the	 initial	 rest	period;	B	represents	 the	ARM	

period,	and	C	represents	recovery	following	ARM.		

!

!
An	 increase	 in	 SD2	 (P=0.06)	 and	 a	 decrease	 in	 SD1	were	

observed	 during	 ARM,	 however,	 without	 statistical	

signi\icance	(P>0.05)  

Figure	3.		Poincare	plots	of	a	patient	during	initial	rest	(A),	during	ARM	(B),	and	recovery	(C).  

HRV Rest	period ARM Recovery

R-Ri	mean	(ms) 692.9	±	134.9 713.2	±	174.9 679.3	±	156.8

RMSSD	(ms) 8.2	±	6.3 4.2	±	3.7 3.8	±	3.1

SDNN	(ms) 11.0	±	9.1 19.5	±	9.5 10.7	±	9.5

LF	(nu) 39.5	±	32.6 40.7	±	6.7 38.4	±	19.0

HF	(nu)	 60.4	±	32.6 59.2	±	6.7 61.5	±	19.0

LF/HF	 1.3	±	1.7 0.7	±	0.2 0.7	±	0.5

SD1	(ms)	 5.8	±	4.4 3.0	±	2.6 2.7	±	2.2

SD2	(ms) 14.0	±	12.7 27.3	±	13.3 14.9	±	13.2

DFAα1 0.7	±	0.3 1.1	±	0.2* 0.8	±	0.3

DFAα2 1.0	±	0.1 1.5	±	0.1 1.2	±	0.2
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DISCUSSION	

The	 present	 study	 has	 shown	 that	 ARM	 caused	

modi\ications	 in	 the	 cardiac	 autonomic	 modulation	 in	

patients	with	ARDS,	which	was	more	evident	 in	TD	 linear	

indexes	and	non-linear	variables	of	HRV.		

With	 regard	 to	 the	 sample	 studied,	 the	 mean	 age	 of	 the	

patients	 was	 52.7±23.7	 years	 old.	 The	 elevated	 standard	

deviation	 re\lects	 the	 great	 age	 difference	 between	 the	

patients,	possibly	 in\luencing	some	HRV	 indexes,	a	 \inding	

also	 described	 by	 Paschoal	 et	 al.19	 in	 their	 results	 as	 they	

found	that	HRV	decreases	with	age.		

The	ALIEN	study	by	Villar	et	al.4	demonstrates	a	fall	in	the	

incidence	 of	 ARDS	 among	 patients	 in	 Europe,	 which	 was	

the	 \irst	 study	 in	 the	 literature	 on	 the	 incidence	 of	 ARDS	

following	 consolidation	 of	 lung-protective	 ventilation.	 In	

fact,	 this	 \inding	 can	 be	 related	 to	 the	 low	 number	 of	

patients	 in	 our	 study	 as	 only	 four	 ones	 were	 found	 in	 a	

period	 of	 \ive	 months.	 The	 possible	 explanation	 for	 this	

may	 be	 the	 advanced	 strategies	 and	 optimal	 care	 of	

critically	ill	patients	in	the	last	decades1,	4.	

By	 analyzing	 the	 results	 of	 hemodynamic	 and	 ventilation	

variables,	one	can	observe	an	improvement	in	compliance,	

SpO2,	 PaO2/FiO2	 ratio,	 and	 a	 decrease	 in	 resistance.	

Increased	 compliance3,	 20	 and	 decreased	 resistance21	 are	

indicative	 of	 an	 ef\icient	 recruitment	 and	 adequate	

adjustment	 of	 PEEP,	 thus	 preventing	 excessive	 hyper-

distension	or	alveolar	collapse22.	

Despite	the	lack	of	observable	signi\icant	difference,	it	was	

observed	 a	 fall	 in	 SAP	 and	 DAP	 values	 during	 ARM.	 This	

\inding	 may	 be	 related	 to	 a	 decrease	 in	 cardiac	 output	

during	 ARM	 caused	 by	 the	 compression	 of	 ventricles	 and	

inferior	 vena	 cava	 due	 to	 the	 high	 thoracic	 pressures	

resulting	from	the	recruitment12.	

It	was	also	observed	an	improvement	in	oxygenation	of	the	

patient	when	the	SpO2	was	analyzed,	with	ARM	being	very	

ef\icient	in	promoting	quick	oxygenation20.	The	decrease	in	

alveolar	 collapse	 has	 an	 immediate	 effect	 on	 the	

oxygenation7.	 Most	 studies,	 however,	 report	 that	 when	

strategies	 for	 maintaining	 the	 alveolar	 stability	 are	 not	

taken6,23,	only	a	transitory	improvement	of	the	oxygenation	

is	achieved24.	In	fact,	as	observed	in	the	present	study,	SpO2	

had	a	gradual	decrease	during	recovery	following	ARM.		

With	 regard	 to	 the	 PaO2/FiO2	 ratio,	 it	 was	 possible	 to	

observe	 an	 improvement	 following	 ARM.	 Similarly,	 it	 was	

noted	 an	 increase	 in	 PaO2	 despite	 not	 being	 statistically	

signi\icant.	 The	 lack	 of	 consensus	 in	 the	 literature	

regarding	the	improvement	of	the	PaO2/FiO2	ratio	makes	it	

dif\icult	to	evaluate	and	compare	the	effectiveness	of	ARM	7.	

In	 the	 same	 way,	 the	 improvement	 of	 PaO2	 can	 be	

interpreted	 depending	 on	 the	 age,	 with	 older	 individuals	

being	 more	 hypoxemic	 than	 the	 younger	 ones25	 although	

lower	oxygenations	are	tolerated	by	patients	with	ARDS20.	

It	 is	very	 important	to	emphasize	that	FiO2	of	 the	patients	

was	 not	 changed	 in	 any	 of	 the	 experimental	 periods	 of	

ARM.	 Based	 on	 this,	 one	 can	 relate	 hemodynamic	 and	

ventilation	 responses	 only	 to	 the	 effects	 of	 the	 pressures	

generated	 by	 ARM.	 The	 great	 majority	 of	 the	 studies	 on	

ARM	 and	 its	 responses	 are	 conducted	 with	 FiO2	 set	 to	 1,	

which	may	directly	in\luence	the	gas	exchanges.	In	addition,	

the	 use	 of	 high	 values	 of	 FiO2	 can	 produce	 absorption	

atelectasis	in	a	short	period	of	time26.		

No	signi\icant	changes	were	found	in	HR	during	our	study.	

In	 the	 study	 conducted	 by	 Nielsen	 et	 al12,	 short-duration	

ARM	 (10-20	 seconds)	was	 performed	 immediately	 after	 a	

cardiac	surgery,	promoting	 falls	 in	HR	values	although	 the	

previous	 use	 of	 beta-blockers	 might	 have	 in\luenced	 the	

results.	However,	there	is	no	study	evaluating	AMR	in	terms	

of	 cardiac	 analysis	 and	 few	 ones	 assess	 its	 hemodynamic	

effects12,	13,	27.	

By	analysing	 the	HRV,	we	were	able	 to	evaluate	 the	subtle	

autonomic	 cardiac	 alterations	 promoted	 by	 ARM.	 In	 fact,	

this	is	the	\irst	study	assessing	the	effects	of	ARM	on	HRV	in	

patients	with	ARDS	on	mechanical	ventilation.	

The	 results	 found	 in	 the	 time	 domain	 (TD)	 using	 indexes	

RMSSD	and	SDNN	as	well	as	in	the	frequency	domain	using	

LF	and	HF	bands	and	HF/LF	ration	showed	no	statistically	

signi\icant	 differences.	 However,	 it	 was	 observed	 a	

tendency	 of	 decrease	 in	 RMSSD	 and	 increase	 in	 SDNN	

during	 ARM,	 suggesting	 a	 decrease	 in	 parasympathetic	

activity28.	

Additionally,	 Borghi-Silva	 et	 al29	 studied	 the	 effect	 of	 non-

invasive	ventilation	(NIV)	on	HRV	in	patients	with	chronic	

obstructive	 pulmonary	 disease	 (COPD)	 and	 they	 also	

observed	a	decrease	in	parasympathetic	activity	in\luenced	

by	acute	application	of	intrapulmonary	pressures.		 	

The	 advance	 in	 the	 research	 on	 HRV	 has	 shown	 that	 the	

statistical	 analyses	 of	 the	 linear	 biological	 signs	 do	 not	

directly	 characterize	 its	 complexity,	 irregularity	 or	
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predictability.	Methods	based	on	non-linear	dynamics	 and	

on	 chaos	 theory	 can	 reveal	 subtle	 abnormalities	 in	 the	

cardiovascular	 regulating	 mechanisms,	 whereas	 the	

traditional	linear	methods	cannot	detect	them30.	

In	the	present	study,	it	was	observed	a	signi\icant	increase	

in	the	index	DFAα1,	considered	the	best	predictive	index	for	

adverse	heart	 events	as	 the	decrease	 in	DFAα1	values	has	

been	 attributed	 to	 a	 higher	 incidence	 of	 ventricular	

tachyarrhythmia	and	death	by	arrhythmia31.	

Although	 no	 statistical	 difference	 was	 observed	 in	 the	

values	of	 SD1,	 SD2	and	DFAα2,	 it	was	possible	 to	notice	a	

clear	 alteration	 in	 them	 during	 ARM,	 with	 a	 tendency	 of	

decrease	 in	 SD1	 and	 increase	 in	 both	 SD2	 and	 DFAα2.	

According	 to	 these	 results,	 one	 can	 infer	 that	 there	 is	 a	

tendency	 of	 decrease	 in	 the	 parasympathetic	 activity	

during	ARM.	In	fact,	this	was	demonstrated	by	the	decrease	

in	 SD1	 and	 increase	 in	 SD2,	 DFAα2,	 and	 DFAα1,	 thus	

leading	 to	 an	 actual	 increase	 in	 total	 variability.	 However,	

DFAα1	signi\icantly	increased	during	ARM,	showing	to	be	a	

powerful	 strategy	 to	 improve	 the	 complexity	 of	 HRV.	 The	

increase	 in	 DFA	 indexes	 may	 be	 associated	 with	 a	 lower	

likelihood	 of	 cardiac	 events	 and	 mortality.	 Ksela	 et	 al.32	

showed	 that	 the	 decline	 of	 non-linear	 indexes	 (DFA)	

promotes	 higher	 susceptibility	 to	 the	 development	 of	

cardiac	arrhythmias.	In	this	context,	it	was	shown	that	ARM	

that	 increases	 the	 oxygen	 saturation,	 which	 protects	

against	the	arrhythmogenic	effects	in	ARDS	patients.		

Some	 studies	 found	 a	 reduction	 in	 the	 cardiac	 output	

d u r i n g	 A R M	 i n	 p a t i e n t s	 u n d e r	 d i f f e r e n t	

conditions5,12,13,21-24.	 Some	 authors	 suggest	 that	 the	

decrease	 in	 cardiac	 output	 is	 in\luenced	 by	 the	 re\lexive	

sympathetic	 activity,	 which	 is	 opposed	 to	 the	 tendency	

found	 in	our	study.	However,	Campagna	and	Carter33	state	

that	distention	of	 lung	 tissue	can	activate	a	 re\lexive	vagal	

response.	

Interdependence	 between	 respiratory	 and	 cardiovascular	

systems	 is	established	during	mechanical	ventilation,	with	

the	mechanical	effects	on	the	latter	and	autonomic	activity	

seeming	 to	 be	more	 evident.	 However,	 the	 lack	 of	 related	

studies	 impedes	 such	 effects	 from	 being	 consistently	

demonstrated34.	

Among	the	limitations	of	the	present	study,	we	can	cite	the	

small	 number	 of	 patients	 in	 our	 sample.	 Our	 sample	was	

limited	 to	 changes	 in	 the	main	 outcomes	 observed	 in	 the	

literature	 (RMSSD	 and	 SDNN).	 However,	 we	 found	 that	

DFAα1	 index	was	sensitive	 to	changes	due	 to	ARM.	 In	 this	

context,	the	generalization	of	our	\indings	may	be	restricted	

secondarily	 to	 the	 limited	 characteristics	 of	 the	 patient	

recruitment.	 In	 view	 of	 the	 seasonable	 characteristic	 of	

ARDS,	 the	worldwide	 fall	 of	 its	 incidence,	 and	 the	 trauma	

pro\ile	involving	the	adult	intensive	care	therapy	unit	of	the	

Federal	 University	 of	 Uberlândia,	 there	was	 a	 dif\iculty	 in	

\inding	patients	meeting	the	inclusion	criteria	for	our	study.	

Another	limitation	was	the	great	difference	in	the	age	of	the	

patients,	 which	 had	 been	 already	 mentioned	 in	 the	

Discussion	 section.	 This	 fact	 may	 have	 in\luenced	 the	

cardiovascular	responses	in	relation	to	ARM.		

All	patients	participating	in	the	study	were	sedated,	and	it	

was	not	possible	 to	know	 the	 in\luence	of	drug	 treatment	

and	 its	 discontinuation	 on	 HRV.	 Nevertheless,	 this	 is	 the	

reality	in	which	the	patients	were	studied	as	ARM	can	only	

be	 done	 under	 sedation.	 Moreover,	 a	 study	 using	 dogs	

sedated	 with	 propophol	 and	 sufentanil	 showed	 no	

alteration	in	HRV34.	

In	 conclusion,	 we	 showed	 that	 heart	 rate	 variability	 is	

changed	 in	 response	 to	 ARM.	We	 demonstrated	 that	 non-

linear	 dynamics	 of	 heart	 rate	 improved	 when	 ARM	 was	

applied.	In	addition,	we	showed	that	there	is	a	tendency	of	

increase	in	total	variability	during	ARM,	with	no	increase	in	

the	 risk	 of	 adverse	 cardiac	 events.	 Therefore,	 further	

studies	 are	 needed	 to	 con\irm	 that	 HRV	 can	 be	 used	 for	

obtaining	parameters	to	stratify	this	population	in	terms	of	

cardiovascular	 risk	 and	 to	 evaluate	different	 interventions	

for	these	patients.		!
ACKNOWLEDGES	

We	would	 especially	 like	 to	 thank	Prof.	Dr.	Audrey	Borgui	

Silva,	 Co-ordinator	 of	 the	 Centre	 for	 Research	 on	 Physical	

Exercise	and	Physical	Therapy	of	 the	Federal	University	of	

São	 Carlos,	 and	 Prof.	 Dr.	 Michel	 Silva	 Reis	 of	 the	 Federal	

University	of	Rio	de	 Janeiro	 for	collaborating	scienti\ically,	

personally	and	materially	to	the	present	study.	!
REFERENCES	

1	 Villar	 J.	 What	 Is	 the	 Acute	 Respiratory	 Distress	

Syndrome?	Resp	Care.	2011;	56(10):	1539-45	

2	 Bernard	GR,	Artigas	A,	Brigham	KL,	Carlet	J,	Falke	

K,	 Hudson	 L,	 et	 al.	 The	 American-European	 Consensus	



Jour	Resp	Cardiov	Phy	Ther.	2016;	3(2):	30-39

Conference	 on	 ARDS.	 Am	 J	 Respir	 Crit	 Care	 Med.	 1994;	

149:818-24				

3	 Amato	 MBP,	 Carvalho	 CRR,	 Ísola	 A,	 Vieira	 S,	

Rotman	 V,	 Moock	 M	 et	 al.	 III	 Consenso	 Brasileiro	 de	

Ventilação	 Mecânica.	 Ventilação	 Mecânica	 na	 Lesão	

Pulmonar	 Aguda	 (LPA)	 /	 Síndrome	 do	 Desconforto	

Respiratório	Agudo	(SDRA).	J	Bras	Pneumol.	2007;	33(Supl	

2):	S119-S27	

4	 Villar	J,	Blanco	J,	Añón	JM,	Santos-Bouza	A,	Blanch	

L,	Ambrós	A	et	al.	The	ALIEN	study:	incidence	and	outcome	

of	 acute	 respiratory	 distress	 syndrome	 in	 the	 era	 of	 lung	

protective	ventilation.	Intensive	Care	Med.	2011	Oct	14;	37:	

1932-41	

5	 Borges	JB,	Okamoto	VN,	Matos	GFJ,	Caramez	MPR,	

Arantes	 PR,	 Barros	 F	 et	 al.	 Reversibility	 of	 Lung	 Collapse	

and	 Hypoxemia	 in	 Early	 Acute	 Respiratory	 Distress	

Syndrome.	 Am	 J	 Respir	 Crit	 Care	 Med	 2006	 May	 11;	

174:268–78	

6	 Gattinoni	L,	Carlesso	E,	Brazzi	L,	Caironi	P.	Positive	

end-expiratory	pressure.	 Curr	Opin	Crit	 Care	2010;16:39–

44	

7	 Sipmann	 FS.	 Utilidad	 de	 las	 maniobras	 de	

reclutamiento	(PRO).	Med	Intensiva.	2009;	33(3):134-8	

8	 Amato	 MBP,	 Barbas	 CSV,	 Medeiros	 DM,	 Magaldi	

RB,	 Schettino	 GPP,	 Lorenzi-Filho	 G	 et	 al.	 Effect	 of	 a	

protective-ventilation	 strategy	 on	 mortality	 in	 the	 acute	

respiratory	distress	syndrome.	The	New	Engl	 J	Med	1998;	

338(6):	347-54	

9	 The	 Acute	 Respiratory	 Distress	 Syndrome	

Network.	Ventilation	with	lower	tidal	volumes	as	compared	

with	 tradicional	 tidal	 volumes	 for	 acute	 lung	 injury	 	 and	

acute	respiratory	distress	syndrome.	The	New	Engl	 J	Med.	

2000	May	4;	342(48):	1301-8	

10	 Ochagavia	A,	Blanch	L,	López-Aguilar	J.	Utilidad	de	

las	 maniobras	 de	 reclutamiento	 (contra).	 Med	 Intensiva.	

2009;	33(3):139-43	

11	 Richard	 JC,	 Maggiore	 SM,	 Mercat	 A.	 Clinical	

review:	 Bedside	 assessment	 of	 alveolar	 recruitment.	 Crit	

Care.	2004;	8:163-9	

12	 Nielsen	 J,	 Ostergaard	 M,	 Kjaergaard	 J,	 Tingleff	 J,	

Berthelsen	PG,	Nygard	E	et	al.	Lung	recruitment	maneuver	

depresses	 central	 hemodynamics	 in	 patients	 following	

cardiac	 surgery.	 Intensive	 Care	 Med	 2005	 August	 12;	

31:1189–94	

13	 Lim	 SC,	 Adams	 AB,	 Simonson	 DA,	 Dries	 DJ,	

Broccard	 AF,	 Hotchkiss	 JR	 et	 al.	 Transient	 hemodynamic	

effects	 os	 recruitment	 maneuvers	 in	 three	 experimental	

models	 of	 acute	 lung	 injury.	 Crit	 Care	 2004;	 32	 (12):	

2378-84	

14	 The	 Task	 Force	 of	 The	 Europen	 Society	 of	

Cardiology	and	The	North	Amercian	Society	of	Pacing	and	

Electrophysioloy.	 Heart	 Rate	 Variability	 Standards	 of	

measurement,	 physiological	 interpretation	 ,	 and	 clinical	

use.	Eur	Heart	J	1996	Mar;	17:	354–81	

15	 Shen	HN,	Lin	LY,	Chen	KY,	Kuo	PH,	Yu	CJ,	Wu	HD.	

Changes	 of	 Heart	 Rate	 Variability	 During	 Ventilator	

Weaning.	Chest	2003;123:	1222-8	

16	 Vanderlei	LCM,	Pastre	CM,	Hoshi	RA,	Carvalho	TD,	

Godoy	 MF.	 Noções	 básicas	 de	 variabilidade	 da	 frequência	

cardíaca	 e	 aplicabilidade	 clínica.	 Rev	 Bras	 Cir	 Cardiovasc	

2009;	24(2):	205-217	

17	 Ribeiro	 JP,	 Moraes	 Filho	 RS.	 Variabilidade	 da	

frequência	 cardíaca	 como	 instrumento	 de	 investigação	 do	

sistema	 nervoso	 autônomo.	 Rev	 Bras	 Hipertens	 2005;	

12(1):	14-20.	

18	 Guzik	 P,	 Piskorski	 J,	 Krauze	 T,	 Schneider	 R,	

Wesseling	 KH,	Wykretowicz	 A	 et	 al.	 Correlations	 between	

the	 Poincaré	 Plot	 and	 Conventional	 Heart	 Rate	 Variability	

Parameters	Assessed	during	Paced	Breathing.	J.	Physiol.	Sci.	

2007	Feb;	1:	63–71.	

19	 Paschoal	MA,	Volanti	VM,	Pires	CS,	Fernandes	FC.	

Variabilidade	da	Frequência	Cardíaca	em	Diferentes	Faixas	

Etárias.	Rev.	Bras.	Fisioter.,	2006	out./dez.;	10	(4):	413-419.	

20	 Patronini	 N,	 Isgrò	 S,	 Zanella	 A.	 Clinical	

manegement	of	severely	hypoxemic	patients.	Curr	Opin	Crit	

Care	2011;	17:	50–56	

21	 Whalen	FX,	Gajic	O,	 Thompson	GB,	Kendrick	ML,	

Que	 FL,	 Williams	 BA	 et	 al.	 The	 Effects	 oh	 the	 Alveolar	

Recruitment	 Maneuver	 and	 Positive	 End-Expiratory	

Pressure	 on	 Arterial	 Oxygenation	 During	 Laparoscopic	

Bariatric	Surgery.	Anesth	Analg	2006;	102:	298	–305	

22	 Lowhagen	 K,	 Lundin	 S,	 Stenqvist	 O.	 Regional	

intratidal	 gas	 distribution	 in	 acute	 lung	 injury	 and	 acute	

respiratory	 distress	 syndrome	 –	 assessed	 by	 eletric	

impedance	 tomography.	 Minerva	 Anestesiol	 2010;	 76:	

1024-35	

23	 Huh	JW,	Jung	H,	Choi	HS,	Hong	SB,	Lim	CM,	Koh	Y.	

Ef\icacy	 of	 positive	 end-expiratory	 pressure	 titration	 after	



Jour	Resp	Cardiov	Phy	Ther.	2016;	3(2):	30-39

the	 alveolar	 recruitment	maneuver	 in	 patients	with	 acute	

respiratory	 distress	 syndrome.	 Critical	 Care	 [revista	

eletrônica]	 2009	 Feb	 24	 [acessado	 em	 13	 Set	 2011];	 13	

(R22):	 Disponível	 em:	 http://ccforum.com/content/13/1/

R22	

24	 Oczenski	 W,	 Hormann	 C,	 Keller	 C,	 Lorenzi	 N,	

Kepka	 A,	 Schwarz	 S	 et	 al.	 Recruitment	Maneuvers	 after	 a	

Positive	 End-expiratory	 Pressure	 Trial	 Do	 Not	 Induce	

Sustained	 Effects	 in	 Early	 Adult	 Respiratory	 Distress	

Syndrome.	Anesthesiology	2004;	101:	620–5	

25	 Pádua	 AI,	 Alvares	 F,	 Martinez	 JAB.	 Insu\iciência	

Respiratória.	 Medicina,	 Ribeirão	 Preto	 2003	 abr./dez.,	 36:	

205-13.		

26	 Magnusson	L,	 Zemgulis	V,	 Tenling	A,	Wernlund	 J,	

Tydén	H,	Thelin	S	et	al.	Use	of	a	Vital	Capacity	Maneuver	to	

Prevent	 Atelectasis	 after	 Cardiopulmonary	 Bypass.	

Anesthesiology	1998	Jan;	88(1):	134-42	

27	 Malbouisson	LMS,	Brito	M,	Carmona	MJC,	Auler	Jr	

JOC.	Impacto	Hemodinâmico	de	Manobra	de	Recrutamento	

Alveolar	em	Pacientes	Evoluindo	com	Choque	Cardiogênico	

no	 Pós-Operatório	 Imediato	 de	 Revascularização	 do	

Miocárdio.	Rev	Bras	Anestesiol	2008;	58(2):	112-123	

28	 Bittencourt	MI,	Barbosa	PRB,	Neto	CD,	Bedirian	R,	

Barbosa	EC,	Brasil	F	et	al.	Avaliação	da	Função	Autonômica	

na	 Cardiomiopatia	 Hipertró\ica.	 Arq	 Bras	 Cardiol	 	 2005	

Dez;	85(6):	388-96	

29	 Borghi-Silva	A,	Reis	MS,	Mendes	RG,	Pantoni	CBF,	

Simões	 RP,	 Martins	 LEB	 et	 al.	 Noninvasive	 ventilation	

acutely	 modi\ies	 heart	 rate	 variability	 in	 chronic	

obstructive	pulmonary	disease	patients.	Respirat	Medicine	

2008	Jun;	102:	1117-23	

30	 Papaioannou	 TG,	 Vlachopoulos	 C,	 Ioakeimidis	 N,	

Alexopoulos	N,	Stefanadis	C.	Nonlinear	Dynamics	of	Blood	

Pressure	 Variability	 After	 Caffeine	 Consumption.	 Clinic	

Medic	&	Research	2006	Jun;	4(2):	114-18	

31	 Huikuri	 HV,	 Makikallio	 TH,	 Peng	 CK,	 Goldberger	

AL,	Hintze	U,	Moller	M.	Fractal	correlation	properties	of	R-R	

interval	dynamics	and	mortality	in	patients	with	depressed	

left	 ventricular	 function	 after	 an	 acute	 myocardial	

infarction.	Circulation	2000;	101:	47-53	

32	 Campagna	 JA,	 Carter	 C.	 Clinical	 relevance	 of	 the	

Bezold-Jarisch	re\lex.	Anesthesiology	2003;		98:	1250–1260	

33	 Ksela	J,	Suwalski	P,	Kalisnik	JM,	Avbelj	V,	Suwalski	

G,	Gersak	B.	Assessment	of	nonlinear	heart	 rate	dynamics	

after	 beating-heart	 revascularization.	 Heart	 Surg	 Forum	

2009;	12:E10-E16.	

34	 Barbas	 CSV,	 Bueno	 MAS,	 Amato	 MBP,	 Hoelz	 C,	

Junior	MR.	Interação	Cardiopulmonar	Durante	a	Ventilação	

Mecânica.	Rev	Soc	Cardiol	Est	de	São	Paulo	1998	Mai/Jun;	

8(3):	406-19		

35	 Carareto	 R,	 Sousa	 MG,	 Zacheu	 JC,	 Aguiar	 AJA,	

Camacho	AA.	Variabilidade	da	frequência	cardíaca	em	cães	

anestesiados	com	infusão	contínua	de	propofol	e	sufentanil.	

Arq.	Bras.	Med.	Vet.	Zootec.	2007;	59(2):	329-32.	!

http://ccforum.com/content/13/1/R22

