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Background	
•  General	anesthesia	may	cause	atelectasis	and	
deterioration	in	oxygenation	in	obese	patients	>>	
exacerbated	by	pneumoperitoneum	in	laparoscopic		

•  Atelectasis	and	overinflation	of	the	remaining	
ventilated	lung	>>					postoperative	pulmonary	
complication,	prolong	hospital	stay,				mortality	



Background	
•  Atelectasis	
–  Reopened	>>	recruitment	maneuvers	

–  Keep	open	>>	adequate	positive	end-expiratory	

pressure	[PEEP]								obese	patient	

•  May	require	increase	infusion	volume	and	vasoactive	drugs	



Background	
•  Electrical	impedance	tomography	

•  Individualize	PEEP	homogenize	tidal	ventilation	and	
minimize	atelectasis		

	



	



Background	
•  Large	multicenter,	randomized	trial		

–  [protective	intraoperative	ventilation	with	High	vs	Low	PEEP	
in	Obese	patient]	>>	PROBESE	study	

–  Compared	fix	PEEP	12	cm	H2O	&	hourly	repeated	
recruitment	with	PEEP	4	cm	H2O	in	obese	>	2000	patients	

–  No	difference	postoperative	pulmonary	complication	

–  Fix	high	PEEP	>>	better	intraoperative	lung	function	
parameter	[dynamic	compliance	and	driving	pressure]	



Background	
The	hypothesis	of	this	study		

	

•  Individualized	PEEP	titration	improves	
oxygenation	and	better	restore	ventilation	

distribution	to	dependent	lung	than	fixed	PEEP	



Methods	
Design	

•  Secondary	analysis	

•  Randomized,	Double-blind,	and	controlled	study	

•  Approved	by	the	Leipzig	University	Ethics	
Committee,	Germany		

•  Informed	consent	from	all	patient	before	inclusion	



Methods	
Participants	:	Patient	were	recruited	from		
•  Single-center	trial					 	 	 	 																		

[NOV	2012	–	JUL		2013]	n	=	54	

•  PROBESE	trial	at	Leipzig	site																																												
[OCT	2016	–	JAN	2018]	n	=	42	



Methods	
Participants	

•  Inclusion	criteria	both	trial	

– BMI	>	35	kg/m2	

– Age	>	18	yr	
– Medium	or	high	risk	of	postoperative	pulmonary	

complication	[ARISCAT	>	26]	

– Elective	abdominal	surgery		







Methods	
•  Primary	outcome	

-			Pao2/Fio2	ratio	before	tracheal	extubation			

•  Secondary	outcome	

-  Tidal	ventilation	of	dependent	lung	[%]	
-  Intraoperative	lung	function	parameter																		

[driving	pressure,	compliance]	



Methods	
•  Single-center	study	
–  Patient	were	randomized	into	two	group	by	computer	
•  Individualized	PEEP	group	
•  Fixed	PEEP	5	cm	H2O	group	

•  PROBESE	study	
–  Patient	were	randomized	into	two	group	by	computer	

•  Fixed	PEEP	12	cm	H2O	

•  Fixed	PEEP	4	cm	H2O	group	



Methods	
•  Then	divide	to	three	groups	n	=	90	

•  Individualized	PEEP	group	n	=	25	
•  Fixed	PEEP	12	cm	H2O	n=	21	

•  Fixed	PEEP	4-5	cm	H2O	group	n=	44	



Study	protocol	
•  Anesthesia	
– Total	intravenous	anesthesia	with	propofol	and		
remifentanil	[single	center	trial]	

– Balance	anesthesia	with	desflurane/sevoflurane	
and	sufentanil/remifentanil	[PROBESE	trial]	



Ventilator	setting	
single	center	trial	

-  Tidal	volume		8	ml/kg		

-  Fio2	0.4	or	higher													
keep	o2	sat	>	92%	

-  Respiratory	rate	12	/min	

-  Maintain	normocapnia												
keep	Paco2	35-45	

PROBESE	trial	
•  Tidal	volume		7	ml/kg		

•  Fio2	0.4	or	higher													
keep	o2	sat	>	92%	

-  Respiratory	rate	12	/min	

-  Maintain	normocapnia												
keep	Paco2	35-45	



Study	protocol	
•  Fixed	low	PEEP	group	
–  Fixed	PEEP	4	–	5	cm	H2O	without	recruitment	maneuver	



Study	protocol	
Individual	PEEP	group	

•  Recruitment	maneuvers				
[	I:E	1:1,peak	pressure	50,	
PEEP	30,	RR	6]	for	10	breath		

•  PEEP	titration	before	
insufflation	start	with	PEEP	
26	cm	H2O	decrease	in	steps	

2-4	cm	H2O	

Fixed	PEEP	12	group	
•  Fixed	PEEP	12	cm	H2O	

•  Recruitment	maneuvers				
[	I:E	1:1,PEEP	12,	RR	6,	

increase	VT	in	step	4	ml/kg	
until	plateau	pressure	40	>>	
follow	3	breath]	after	

intubation	then	q	1	hr	



Study	protocol	
•  Electrical	Impedance	Tomography	
–  Electrode	belt	containing	16	or	32	electrodes	placed	
around	the	chest	at	third	to	fourth	ICS	



	



Study	protocol	
•  Measurement	

–  Pao2/Fio2	ratio	before	tracheal	extubation		
–  Tidal	ventilation	of	dependent	lung	[%]	
–  Intraoperative	lung	function	parameter																											

[driving	pressure,	compliance]	

–  Ventilation	parameter	were	record	by	the	display	of	
mechanical	ventilator	



Statistical	analysis	
•  Secondary	analysis		
•  The	data	express	as	the	mean	±	SD	

•  Chi-square	test	:	category	data	between	groups	

•  Linear	correlation	:	association	between	continuous	data	
•  Paired	t	test	;	ventilation	distribution	at	different	PEEP	

level	during	titration	process	

•  R	Studio	;	version	3.6.1	
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Discusssion	
•  This	study	show	Obese	patients	undergoing	laparoscopic	

>>	recruitment	follow	individualized	PEEP	result	in		

– Higher	PEEP	
–  Better	arterial	oxygenation	

–  Lower	driving	pressure	

–  Redistribution	of	ventilation	to	dependent	lung	areas	



Discusssion	
•  Strongly	suggest	that	individualize	titrate	PEEP		

•  reduce	atelectasis		

•  significant	higher	ventilation	of	the	dependent	lung	

•  Recruitment	maneuver	followed	by	high	PEEP	of												
12	cm	H2O	is	not	sufficient	to	recruit	lung	completely		



Discusssion	
•  Regional	ventilation	
–  Setting	PEEP	from	regional	ventilation	delay	index	
approach	

–  Lowest	PEEP	that	minimizes	tidal	alveolar	collapse	

–  Individualized	PEEP	values	of	10-26	[median	18]	cm	
H2O	>>	significant	higher	than	12	cm	H2O	

		



Discusssion	
•  Regional	ventilation	
– Other	studies	in	bariatric	surgery	using	optimization	
parameters	found	PEEP	level	>	15	cm	H2O	

–  In	laparoscopic	nonobese	patients	mean	PEEP	was	
about	15	cm	H2O	

•  Practical	issue	some	anesthesia	machines	may	not	allow	
PEEP	>	20	cm	H2O	

		



Discusssion	
•  The	large	PROBESE	trial	could	not	confirm		higher	PEEP	

12	cm	H2O	and	recruitment	maneuvers	reduce	
postoperative	pulmonary	complication,	despite	
reduction	in	driving	pressure		

•  Individualized	PEEP	have	to	be	weigh	against	
hemodynamic	depression	and	increase	use	of	vasoactive	
medication	

		



Limitation	
•  Analyses	combining	data	from	different	studies	
spanning	several	years	>>	systematic	bias	that	
difficult	to	detect	

–  Slight	differences	in	tidal	volume	and	recruitment	
maneuvers	

•  Surgery	was	perform	in	reverse	trendelenburg	

position	>>	result	cannot	use	with	different	position	



Limitation	
•  This	study	was	not	designed	to	investigate	the	
impact	of	an	individualized	PEEP	on	the	incidence	of	
postoperative	pulmonary	complication	



Conclusion	
•  In	obese	patients	undergoing	laparoscopic	surgery	
•  Individualized	PEEP	was	associated	with	
–  Higher	intraoperative	respiratory	compliance	

–  Better	oxygenation	and	distribution	of	ventilation	to	
dependent		lung	areas	

–  These	benefit	vanished	after	extubation		
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