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splanchnic ischemia during mechanical ventilation
d.	Paramythiotis,	P.	Kazamias1,	V.	Grosomanidis1,	K.	Kotzampassi

summary

background-aim: positive end-expiratory pressure (peep) 
has been advocated as a prophylactic and therapeutic mo-
dality since it improves oxygenation and reopens atelectat-
ic lung injury units. Thus, it is usually added to convention-
al mechanical ventilation in order to avoid development of 
post-operation atelectasis. however, high peep is known to 
result in diminished cardiac output, decreased venous return 
and transient ischemia to the abdominal viscera. on the oth-
er hand, prolonged gut hypoperfusion of different origin may 
cause mucosal barrier failure, which is considered an impor-
tant factor for the initiation and/or perpetuation of bacterial 
translocation, leading, theoretically in humans, to sepsis. con-
sidering that low peep may also lead to splanchnic hypoper-
fusion, we assessed the intestinal and hepatic hemodynamic in 
two step peep ventilation. methods: The hepatic artery, por-
tal vein, and superior mesenteric artery blood flow as well as 
the hepatic and intestinal mucosal microcirculation, the he-
patic tissue po2 and the intestinal mucosal ph were assessed 
before and after 5 and 10 cmh2o peep ventilation, in ten do-
mestic pigs. results: statistical analysis revealed a significant 
decrease (p=0.0001) in all parameters during 5 cmh2o and 
10 cmh2o peep ventilation period in compare to baseline. 
hepatic artery exhibited a 20% reduction in 5 cmh2o peep 
and a further 15% in 10 cmh2o peep. similarly, reductions 
of 11% and 9% in portal vein, of 15% and 11% in superior 
mesenteric artery, of 16% and 8% in hepatic microcircula-
tion, and of 29% and 22% in intestinal microcirculation were 
noticed respectively, while hepatic parenchymal po2 reached 
46% and intestinal mucosa ph fall to 7.29. conclusion: These 
findings demonstrate that peep administration results to the 
impairment of splanchnic tissue perfusion.

Key-words:	Positive	end-expiratory	pressure	(PEEP),	abdomi-
nal	organ	hypoperfusion,	laser-doppler	flowmetry,	hepatic	mi-
crocirculation,	intestinal	microcirculation,	hepatic	pO2,	intesti-
nal	mucosal	pH	

iNTroducTioN

although	positive	end-expiratory	pressure	(PEEP)	ven-
tilation	reopens	atelectatic	lung	injury	units,	by	increasing	
functional	residual	capacity,	and	improves	arterial	oxygen-
ation	however,	it	can,	adversely,	affect	systemic	hemody-
namics	by	reducing	venous	return	and	cardiac	output	(CO)	
leading	to	transient	ischemia	in	abdominal	viscera.1-4	Ex-
perimental	studies	suggested	that	mechanical	ventilation	
with	considerably	high	PEEP	levels	can	lead	to	splanch-
nic	hypoperfusion	and	marked	decrease	in	hepatic,	por-
tal	venous	and	mesenteric	blood	flow,	despite	only	mod-
erate	decrease	in	cardiac	output.1,2,4	However,	the	results	
are	still	controversial	as	these	effects	are	proportional	to	
the	PEEP	level	used.1-7	

On	the	other	hand,	prolonged	gut	hypoperfusion	of	dif-
ferent	origin	impairs	gastrointestinal	tract	barrier	function,	
and	triggers	a	generalized	and	uncontrolled	inflammato-
ry	response	which	is	considered	as	an	important	factor	
for	the	initiation	and/or	perpetuation	of	bacterial	trans-
location.	The	last	is	reported	to	contribute,	theoretically	
in	humans,	in	the	development	of	multiple	organ	failure	
and/or	sepsis.8-10

Thus,	the	aim	of	the	present	study	is	the	assessment	
of	splanchnic	tissue	perfusion	after	PEEP	application	at	
the	levels	of	5	and	10	cmH2O	commonly	used	in	opera-
tion	theatres	and	iCU	units.

maTerials aNd meThods

Animals
Ten	male	swine	weighting	18-22kg	were	included	in	

the	study.	The	experimental	protocol	used	was	approved	
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by	the	department	of	animal	Care	and	Use	Committee	of	
the	Greek	Ministry	of	agriculture	and	adhered	to	the	Eu-
ropean	Community	Guiding	Principles	for	the	Care	and	
Use	of	animals.	

Anaesthesia
after	a	12-hour	fasting	period,	anaesthesia	was	in-

duced	by	2ml	Thalamonal	[Janssen	Cilag,	Breese,	Bel-
gium]	and	10mg	dormicum	[Hoffmann-la	roche,	Basle,	
switzerland]	given	intramuscularly	as	premedication,	fol-
lowed,	20min	later,	by	7mg/kg	of	Pentothal	[abbott	lab,	
alimos,	Greece],	then	1-2mg/kg	dormicum	and	0.4mg/kg	
norcuron	[Organon,	Teknika,	Boxter,	Holland].	a	trache-
ostomy	was	performed	and	the	animals	were	connected	to	
a	volume	control	ventilator,	employing	fiO2:1.	The	venti-
lator	was	set	to	a	tidal	volume	of	15ml/kg,	with	respiratory	
frequency	adjusted	to	result	a	PaCO2	of	35	to	40mmHg	at	
the	beginning	of	each	experiment.	The	tidal	volume	was	
kept	constant	throughout	the	experiment	while	the	respi-
ratory	rate	was	adjusted	to	maintain	normocapnia.	anaes-
thesia	was	maintained	by	continuous	infusion	of	0.6mg/
kg/h	norcuron	and	1-2mh/kg/h	dormicum;	ringer’s	lac-
tate	was	given	at	a	rate	of	8ml/kg/h,	throughout	the	whole	
study	period.	Core	temperature	was	kept	at	37–39oC	us-
ing	heating	blankets.

Cardiovascular and pulmonary 
hemodynamics

The	carotid	artery	and	external	jugular	vein	were	ex-
posed	through	a	right-sided	neck	dissection.	systemic	arte-
rial	pressure	was	continuously	monitored	by	a	fluid-filled	
catheter	with	its	tip	in	the	proximal	aorta.	a	7-f	Opticath	
Oximetric	pulmonary	artery	catheter	[abbott	labs,	Chi-
cago,	il,	Usa]	was	inserted	via	the	right	external	jugu-
lar	vein	and	advanced	distally	into	pulmonary	artery	for	
measurements	of	cardiac	output	(CO)	and	core	body	tem-
perature.	Cardiac	output	was	measured	by	thermodilution	
method	and	the	cardiac	index	was	calculated	by	the	mean	
of	three	cardiac	output	measurements,	using	10ml	of	so-
dium	chloride	0.9%	solution	at	room	temperature.	

a	complete	hemodynamic	profile	was	performed	at	
each	observation	point,	including	mean	arterial	pressure	
(MaP),	central	venous	pressure	(CVP),	pulmonary	artery	
pressure	(PaP)	and	pulmonary	capillary	wedge	pressure	
(PCWP).	all	variables	were	monitored	continuously	and	
recorded.	The	measurements	were	conducted	at	the	expir-
atory	phase	and	expressed	in	mmHg.	a	three	lead	ECG	
was	used	for	monitoring	of	heart	rate	(Hr).

for	the	determination	of	blood	gas	variables,	arterial	
and	mixed	venous	blood	samples	were	drawn	simultane-

ously	in	heparinized	syringes	and	analysed	immediately.	
Hematocrit	level	was	measured	in	each	phase,	as	well.

Hepatic and intestinal hemodynamics
a	midline	laparotomy	was	performed	with	the	animal	

being	in	the	supine	position.	The	portal	vein	was	isolat-
ed	at	the	level	of	hepato-duodenal	ligament,	taking	care	
not	to	damage	the	perivascular	neural	plexus.	The	gas-
troduodenal	artery	was	ligated	and	common	hepatic	ar-
tery	and	the	proximal	part	of	the	superior	mesenteric	ar-
tery	were	dissected	free.	Transit-time	flow	probes	(8r,	4r	
and	4rB	Transonic	systems	ithaca,	nY,	Usa)	were	then	
placed	around	the	vessels	for	continuous	measurements	
of	blood	flow,	(in	ml/min)	by	means	of	the	Transonics	
T101M	flowmeter.

intestinal	mucosal	and	hepatic	tissue	microcirculation	
measurements	were	carried	out	using	laser-doppler	single	
fiber	probes	connected	to	a	laser	doppler	flow	meter.	The	
probe	used	was	Pf319,	0,5	mm	in	diameter	and	300	mm	
in	length	which	was	advanced	approximately	2	cm	deep	in	
hepatic	parenchyma	(right	lobe),	through	a	needle	which	
had	been	inserted	percutaneously.	another	fiber	was	posi-
tioned	through	a	22-gauge	abocath	penetrating	the	jejunal	
wall,	in	optical	contact	with	intestinal	mucosa.	

Data collection:	according	to	this	technique,	blood	
flow	is	expressed	in	arbitrary	perfusion	units	(PU),	and	is	
described	as	being	equivalent	to	the	number	of	red	blood	
cells	contained	in	the	volume	of	blood	through	which	the	
laser	light	is	passing	and	at	the	speed	at	which	these	cells	
are	moving.	Thus,	recording	of	the	microvascular	sig-
nals,	was	performed	with	a	sampling	frequency	of	16	kHz	
(1	sample/0.06s)	and	a	display	frequency	of	1	Hz.	The	
flowmeter	used	(Periflux	Pf2B,	Perimed	Jarfalla,	swe-
den)	was	connected	to	a	multichannel	data	acquisition	sys-
tem,	combining	an	a/d	converted	(dT2801	series,	daTa	
Translation,	Marlboro,	Ma,	Usa)	with	a	precision	of	12	
bits.	Two	monopolar	channels	were	used:	one	for	the	mi-
crocirculation	of	the	liver	and	one	for	that	of	the	intes-
tine.	Three	additional	channels	were	used	for	the	hepat-
ic	artery,	portal	vein	and	superior	mesenteric	artery	flow	
recordings,	while	a	suitable	software	programme,	Peri-
soft	(Perimed),	was	installed	in	an	iBM	Ps2	computer,	to	
store	and	analyze	all	the	data.	data	were	extracted	from	
this	system	as	mean	values	established	during	registration	
sequences	of	30	s.

a	Clark-type	electrode	(Tissutrack,	Pfizer	Biomedi-
cal	sensors,	High	Wycombe,	Bucks,	UK)	was	advanced	
into	the	liver	parenchyma	for	continuous	tissue	pO2	mon-
itoring.
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finally,	a	sigmoid	tonometer	(Tonometrics,	Besthesda	
Md,	Usa)	was	inserted	into	the	intestinal	lumen	through	
a	small	incision	in	the	antimesenteric	border	for	gut	mu-
cosal	pH	measurements	at	30	min	intervals.	

The	abdominal	incision	then	was	closed	tightly	in	lay-
ers	and	the	animals	were	allowed	to	recover	from	surgical	
stress	for	a	30	min	period.	

Study design 
at	the	end	of	this	stabilization	period,	baseline	mea-

surements	were	taken	from	systemic,	intestinal	and	hepat-
ic	hemodynamics	(study	period	T0).	Blood	samples	for	
blood	gas	analyses	and	oxygen	saturation	measurements	
were	drawn	from	carotid	artery	catheter.	next,	two	levels	
of	PEEP,	5	cmH2O	and	10	cmH2O,	were	sequentially	add-
ed	to	the	expiratory	limb	of	the	ventilatory	circuit.	after	
30	min	of	hemodynamic	stabilization	at	each	level,	all	set	
of	measurements	were	repeated,	these	study	periods	be-
ing	T1	and	T2,	and	blood	sampling	were	performed.	The	
total	duration	of	the	study	was	90	min.	

Control	animals	were	not	subjected	to	PEEP	ventila-
tion	but	all	systemic,	intestinal	and	hepatic	hemodynamic	
measurements	were	performed	as	in	experimental	study	
group.	The	animals	were	sacrificed	by	an	i.v.	bolus	of	po-
tassium	chloride	overdose.	The	correct	positions	of	all	
catheters	were	verified	and	flow	probes	were	checked	in 
situ for	zero	blood	flow	recordings.

Statistical analysis
The	data	of	systemic	hemodynamic	measurements	and	

blood	gas	analysis,	expressed	as	mean	±	standard	devia-
tion	(sd)	for	each	time	period,	were	assessed	by	repeated-
measure	analysis	of	variance.	The	hepatic	and	intestinal	
measurements	were	initially	expressed	as	percentages	of	

the	baseline	value	(T0)	for	each	animal,	except	of	values	
of	intestinal	pH	which	were	expressed	as	raw	numbers	±	
sd,	then	averaged	(±sd)	across	the	animals	for	each	of	
the	3	separate	30-min	study	periods.	The	3	time	points	of	
each	variable	were	assessed	by	repeated-measure	analy-
sis	of	variance.	The	dunner-t	test	and	fisher’s	test	were	
applied	to	determine	a	difference	if	a	significant	f	value	
was	obtained.	data	from	the	control	group	were	assessed	
separately	by	means	of	the	same	statistical	methods	and	
no	comparison	betweens	the	control	and	the	study	group	
animals	were	performed.	all	calculations	were	performed	
on	a	Macintosh	PC,	with	the	statview	(Brain	Power,	Cal-
abalas,	Ca,	Usa)	statistical	package.	a	probability	value	
of	less	than	0.05	was	considered	to	be	significant.	

resulTs

The	systemic,	 intestinal	and	hepatic	hemodynamic	
data	obtained	from	the	controls	did	not	differ	significant-
ly	throughout	the	90-min	study	period	remaining	similar	to	
the	baseline	measurements	(T0)	in	the	experimental	study	
group.	These	findings	confirm	no	intervention	of	anesthe-
sia,	ventilation,	or	cannulation	and	visceral	manipulation	
on	the	hemodynamic	profile	of	the	animals,	and	thereaf-
ter	the	control	group	was	no	longer	required.	

Effects of PEEP on systemic hemodynamics
systemic	hemodynamic	data	are	shown	on	table	1.	in	

comparison	with	the	T0	no	significant	changes	in	MaP	
and	Hr	were	seen.	However,	there	was	a	significant	de-
crease	in	CO	at	T1	and	T2.	CO	dropped	significantly	for	
each	PEEP	level	from	a	basal	value	of	4.33±1.09	to	3.56±	
0.98	[p<0.05]	and	2.86±0.99	[p<0.05]	l/min	for	PEEP	5	
and	10	cmH2O,	respectively.	CVP	was	decreased	also	in	

Table 1.	systemic	hemodynamics	(n=10)
Mean	arterial	pressure	(mmHg)

Arterial pressure, systolic
Arterial pressure, diastolic

118.5±24 113.6±20 117.0±17
161.2±41 145.8±38 154.8±35
97.1±17 97.5±13 99.1±7.6

Heart	rate	(beats/min) 123±18 129±10 117±20
Cardiac	output	(l/min) 4.33±1.09 3.56±	0.98* 2.86±0.99*
Central	venous	pressure	(cmH2O) 8.25±3.4 6.20±4.2 12.13±9.5+

Mean	pulmonary	artery	pressure	(mmHg)
Pulmonary artery pressure, systolic
Pulmonary artery pressure, diastolic

20.75±5.8 24.50±5.1* 25.00±1.9*
42.25±10 50.6±10 50.0±3.5
10±3.6 11.4±3.1 12.5±1.2

Pulmonary	artery	wedge	pressure	(mmHg) 5.50±1.6 6.45±3.7 8.62±3.8*
Study periods: T0: baseline, T1: 30 min 5cmH2O PEEP ventilation, T2: 30 min 10cmH2O PEEP ventilation. P<0,05, * in relation to T0, + in re-
lation to T1
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the	two	step	PEEP	ventilation	but	only	at	T2	point	showed	
significance.	

in	the	contrary,	an	increase	in	mean	pulmonary	ar-
tery	pressure	was	noticed.	specifically,	it	was	raised	from	
20.75±5.8	in	basal	line	to	24.50±5.1	[p<0.05]	in	T1	and	
to	25.00±1.9	[p<0.05]	mmHg	in	T2.	similarly,	increase	in	
pulmonary	capillary	wedge	pressure	was	seen,	but	only	at	
T2	point	showed	significance	[mmHg].

Effects of PEEP on portal vein, hepatic and 
superior mesenteric artery blood flow and 
liver and intestinal mucosa microcirculation

statistical	analysis	of	the	hepatic	and	intestinal	mea-
surements	revealed	a	significant	decrease	[p=0.0001]	in	
all	parameters	during	the	5	(T1)	and	10	cmH2O	PEEP	(T2)	
ventilation	period	in	relation	to	the	baseline	(T0)	(table	2,	
fig.	1).	since	these	measurements	expressed	as	percent-
ages	of	the	baseline	value,	it	was	found	that	hepatic	ar-
tery	exhibited	a	20%	reduction	in	5	cmH2O	PEEP	and	a	
further	15%	in	10	cmH2O	PEEP.	similarly,	reductions	of	
11%	and	9%	in	portal	vein	and	of	15%	and	11%	in	supe-
rior	mesenteric	artery	were	noticed.

The	application	of	PEEP	resulted	in	immediate	signif-
icant	changes	[p<0.0001]	in	hepatic	and	intestinal	micro-
circulation,	as	well	(fig.2).	in	particular,	hepatic	microcir-
culation	exhibited	a	16%	in	5	cmH2O	PEEP	and	a	further	
8%,	in	10	cmH2O	PEEP.	similarly,	reductions	in	intesti-
nal	microcirculation	of	29%	and	22%	were	seen	in	the	two	
step	ventilation,	respectively.	

Effects of PEEP on hepatic tissue po2 and 
intestinal ph

Each	of	the	PEEP	levels	provoked	a	drop	in	liver	ox-
imetric	values	immediately	after	application	which	were	
statistically	significant	(p<0,0001)	(fig.	3).	Particularly,	
hepatic	tissue	pO2	reduction	was	20%	from	the	baseline	
after	5	cmH2O	PEEP	application and	finally	reached	46%	
in	10	cmH2O	PEEP.	

a	significant	difference	was	found	between	intestinal	
mucosa	pH	values	at	baseline	and	T1	phase	(7.41	vs	7.32)	
(fig.4).	However,	a	further	fall	(7.29),	but	not	statistical-
ly	significant,	was	noticed	also	in	T2.	This	reduction	rep-
resents	an	important	indication	of	hypoperfusion	of	as	a	
value	of	less	than	7.34	was	considered	as	acidosis	conse-
quent	to	inadequate	mucosal oxygenation

discussioN

Optimal	PEEP	level	is	considered	that	at	which	PaO2	is	
maximal	for	a	given	fiO2	or	that	set	2±3	cmH2O	above	the	
lower	inflection	point	of	the	pressure	volume	curve.	Others	
regard	as	optimal	the	PEEP	level	at	which	compliance	is	
maximal	and	the	maximal	dO2	is	achieved11-12.	However,	
in	clinical	practice,	PEEP	level	is	usually	increased	until	
arterial	oxygen	saturation	is	greater	than	90%	or	arterial	
oxygen	tension	exceeds	an	arbitrary	level	that	is	judged	
to	be	adequate	while	the	patient	is	on	an	inspired	oxygen	
content	that	is	not	toxic	(usually	fiO2	less	than	or	equal	
to	0.60).	at	the	same	time,	PEEP	ventilation	is	character-

Table 2. abdominal	organ	hemodynamics	(n=10)
T0 T1 T2 P

Hepatic	artery 100.37 80.60* 65,53+ *P=0,0001
+P=0,001

Blood	flow	 portal	vein	 99,87 88,58* 79,94+ *P=0,0001
+P=0,0001

superior	mesenteric	
artery

102,75 87,16* 76,20+ *P=0,0001
+P=0,0001

Microcirculation liver 100 84,61* 76,31+ *P=0,0001
+P=0,0001

intestine 100,12 76,72* 54,76+ *P=0,0001
+P=0,0001

Hepatic	tissue	pO2	(mmHg) 99,87 80,70* 54,95+ *P=0,0001
+P=0,0001

intestinal	mucosa	pH 7,41 7,32* 7,29+ *P=0,001
+ns

Study periods: T0: baseline, T1: 30 min 5cmH2O PEEP ventilation, T2: 30 min 10cmH2O PEEP ventilation. P<0,05, * in relation to T0, + in re-
lation to T1, NS: not significant. 
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fig. 1.	Hepatic	artery,	portal	vein	and	superior	mesenteric	ar-
tery	blood	flow.
study	periods:	T0:	baseline,	T1:	30	min	5cmH2O	PEEP	ventila-
tion,	T2:	30	min	10cmH2O	PEEP	ventilation.	P<0,05.	all	mea-
surements	were	initially	expressed	as	percentages	of	the	baseline	
value	(T0).	Hepatic	artery	exhibited	a	20%	reduction	in	5	cmH2O	
PEEP	and	a	further	15%	in	10	cmH2O	PEEP.	Portal	vein	and	su-
perior	mesenteric	artery	reductions	were	11%	and	9%	and	15%	
and	11%,	respectively.

fig. 2. liver	and	intestinal	mucosal	microcirculation
study	periods:	T0:	baseline,	T1:	30	min	5cmH2O	PEEP	ventila-
tion,	T2:	30	min	10cmH2O	PEEP	ventilation.	P<0,05.	all	mea-
surements	were	initially	expressed	as	percentages	of	the	base-
line	value	(T0).	Hepatic	microcirculation	exhibited	a	16%	in	5	
cmH2O	PEEP	and	a	further	8%,	in	10	cmH2O	PEEP.	similarly,	
reductions	in	intestinal	microcirculation	of	29%	and	22%	were	
seen	in	the	two	step	ventilation,	respectively.	

fig. 4. intestinal	mucosa	pH
study	periods:	T0:	baseline,	T1:	30	min	5cmH2O	PEEP	ventila-
tion,	T2:	30	min	10cmH2O	PEEP	ventilation.	P<0,05.	a	signifi-
cant	difference	was	found	between	intestinal	mucosa	pH	values	
at	baseline	and	T1	phase	(7.41	vs	7.32).	However,	a	further	fall	
(7.29),	but	not	statistically	significant,	was	noticed	also	in	T2.

fig. 3.	Hepatic	tissue	pO2
study	periods:	T0:	baseline,	T1:	30	min	5cmH2O	PEEP	ventila-
tion,	T2:	30	min	10cmH2O	PEEP	ventilation.	P<0,05.	all	mea-
surements	were	initially	expressed	as	percentages	of	the	baseline	
value	(T0).	Hepatic	tissue	pO2	exhibited	a	20%	reduction	in	5	cm-
H2O	PEEP	which	reached	46%	in	10	cmH2O	PEEP.

ized	by	unfavourable	effects	such	as	increase	in	intratho-
racic,	intra-alveolar	pressure	and	subsequent	rise	in	pul-
monary	vascular	resistance	as	well	as	an	increase	in	CVP	

and	portal	venous	pressure	creating	difficulties	in	venous	
return,	which	are	well	documented.1,2,13	additionally,	sev-
eral	experimental	studies1-4	have	reported	extra	pulmonary	
disturbances:	marked	and	consistent	reductions	in	CO	and	
total	splanchnic	and	portal	venous	blood	flow	in	a	dose-
dependent	manner;	decrease	hepatosplanchnic	perfusion	
even	at	PEEP	levels	lower	than	10	cmH2O.1,2,14,15

similarly,	in	the	present	study	where	5	and	10	cmH2O	
PEEP	were	used	intestinal	and	hepatic	perfusion	was	found	
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to	be	fully	disturbed	and	splanchnic	hypoxia	became	ap-
parent.	However,	PEEP	ventilation,	even	at	a	level	as	low	
as	5	cmH2O	being	a	pressure	very	common	used	in	me-
chanically	ventilated	patients,	do	have	impact	on	splanch-
nic	perfusion.

These	effects	in	CO	and	local	splanchnic	circulation,	
at	different	levels	of	PEEP	are	still	controversial.15-17	Thus,	
in	order	to	explain	the	redistribution	of	blood	flow	in	ab-
dominal	viscera	after	PEEP	application,	several	physical,	
humoral,	and	neural	mediation	possible	mechanisms	are	
considered	to	be	implicated.	Pizov	et	al18	reported	that	in-
cremental	PEEP,	when	applied	in	normovolemic	subjects	
without	lung	injury,	causes	a	gradual	decrease	in	CO.	as	
the	most	accepted	explanation	for	that	effect	is	consid-
ered	a	reduction	of	preload,	due	to	reduced	venous	return,	
since	there	is	excessive	increase	in	intrathoracic	pressure	
at	the	presence	of	preserved	cardiac	contractility.19,20	The	
reduction	in	CO,	consequently,	promotes	a	redistribution	
of	blood	flow	away	from	the	splanchnic	circulation	when,	
especially,	a	relative	hypovolaemia	may	exists.	as	altera-
tions	in	splanchnic	blood	flow	attributed	to	PEEP	occur	in	
parallel	to	those	in	CO,	these	effects	are	usually	reversed	
by	fluid	administration.3,21	in	accordance,	akinci	et	al22	
demonstrated	a	lack	of	impact	on	splanchnic	blood	flow	
when	PEEP	is	not	accompanied	by	decreased	CO,	as	it	is	
showed	in	animal	studies2,3	and	in	human17.	in	our	study,	
CO	was	4.33±1.09	and	when	PEEP	5	and	10	cmH2O	add-
ed	decreased	significantly	(3.56±	0.98	and	2.86±0.99,	re-
spectively).	similarly	to	the	CO	reduction,	hepatic	artery,	
portal	vein	and	superior	mesenteric	artery	blood	flow	ex-
hibited	a	20%,	11%	and	15%	reduction,	respectively	with	
a	PEEP	5	cmH2O	and	a	further	reduction	of	15%,	9%	and	
11%,	respectively,	when	PEEP	added	was	of	10	cmH2O.	
The	hepatic	and	intestinal	hypoperfusion	was	also	cor-
roborated	by	the	parallel	reduction	in	hepatic	(16%	and	
8%)	and	intestinal	(29%	and	22%)	microcirculation,	re-
spectively.	

it	is	well	known	that	extrahepatic	mechanical	and	he-
modynamic	forces,	associated	with	respiration,	affect	the	
liver	even	during	spontaneous	breathing.	Moreno	et	al.23	
described	a	phasic	inspiratory	reduction	in	hepatic	out-
flow,	due	to	direct	hepatic	compression	by	the	descend-
ing	diaphragm,	which	increase	transhepatic	vascular	re-
sistance	despite	decreases	in	downstream	caval	pressure.	
The	increased	intra-abdominal	pressure	due	to	transmis-
sion	of	pressure	from	the	thoracic	cavity	is	considered	
to	be	the	cause	of	the	decrease	in	mesenteric	blood	flow	
(MBf)	during	PEEP	ventilation.	Brienza	et	al.24	in	a	sola-
tedi	liver	model	showed	that,	at	adequate	filling	volume,	
the	decrease	in	liver	blood	flow	is	mainly	determined	by	

direct	compression	of	the	liver	by	diaphragmatic	descent.	
fessler	et	al.25	and	Takata	and	robotham26	also	demon-
strated	that	PEEP	increases	the	intra-abdominal	pressure	
around	the	abdominal	vasculature.	Therefore,	it	could	be	
hypothesised	that	the	pressure	gradient	for	venous	return	
is	not	reduced	by	PEEP,	especially	in	patients	with	hyp-
ervolemia.27	

On	the	other	hand,	as	early	as	1972	a	5-7	cmH20	PEEP-
induced	reduction	of	portal	venous	flow	during	concom-
itant	increases	in	portal	pressure	relative	to	atmosphere	
was	considered	responsible	due	to	increases	in	intrahe-
patic	vascular	resistance.28	as	the	law	of	Poiseuille	states,	
flow	is	proportional	to	the	gradient	of	pressure	and	is	in-
versely	proportional	to	resistance.	PEEP	is	influential	on	
both	variables.	The	venous	return	compromise	precipitat-
ed	by	the	increased	intrathoracic	pressure	raises	the	por-
tal	venous	pressure	(P2).21	This	in	turn	sets	of	a	chain	of	
intestinal	autoregulation,	involving	increases	in	transmu-
ral	pressure	and	arteriolar	tone,	and	resulting	in	vasocon-
striction.

However,	Bredenberg	and	Paskanik21	found	that,	dur-
ing	10	and	15	cmH20	PEEP,	portal	flow	reductions	have	
been	reversed,	after	CO	was	returned	to	pre-PEEP	levels	
by	intravascular	volume	loading,	as	it	is	shown	by	others3.	
although	it	cannot	exclude	the	possibility	that	changes	in	
diaphragm	position	may	have	direct	mechanical	effects	on	
the	liver	during	PEEP,	combined	increases	in	the	common	
downstream	outflow	resistance	and	CO	associated	with	
intravascular	volume	expansion	appear	to	override	such	
potential	effects	on	steady-state	hepatic	outflow.	Howev-
er	the	significant	hepatic	venous	capacitance	makes	this	
explanation	less	likely.29	regardless	intestinal	perfusion,	
love	et	al.5	reported	also	that,	although	MBf	and	CO	fell	
progressively	as	PEEP	was	increased	in	rats	from	10-	to	
15-	and	to	20-cm	H2O	pressure,	however,	MBf	remained	
depressed	despite	normalization	of	CO	whereas	the	abdo-
men	was	kept	open	and	therefore	was	at	ambient	atmo-
spheric	pressure.	

Humoral	or	neural	mechanisms	are	thought	to	be	re-
sponsible	for	MBf	reduction	since	mediators	including	an-
giotensin,	endothelin,	and	vasoconstricting	eicosinoids	are	
implicated.31 in	an	acute	lung	injury	model	ventilated	with	
10	cmH2O	pressure	PEEP	decreased	portal	venous	blood	
flow	was	reversed	after	dopamine	injection.30	

lefrant	at	al.32	reported	in	open	and	in	closed	abdomen	
animals,	a	decrease	in	hepatic	artery	blood	flow	without	
significant	change	in	portal	vein	blood	flow	during	PEEP,	
and	without	correlation	with	CO	or	PaCO2	changes.	The	
hepatic	arterial	buffer	response	can	probably	not	explain	
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the	marked	decrease	in	hepatic	artery	blood	flow,	since	
there	was	a	slight	only	increase	in	portal	flow	and	only	in	
open	abdomen	animals.

Other	studies	have	shown	splanchnic	O2	consumption	
to	be	maintained,	even	at	high	levels	of	PEEP,	by	a	com-
pensatory	increase	in	O2	extraction.30,33	Winsö	et	al.34	in	a	
clinical	study	during	PEEP	ventilation,	noticed	a	decreased	
portal	blood	flow,	while	splanchnic	VO2	was	maintained	
probably	due	to	a	compensatory	increase	in	splanchnic	O2	
extraction.	aneman	et	al.29	found	mesenteric	and	hepatic	
O2	consumption	to	remain	stable	after	application	of	10	
cmH2O	PEEP,	although	mesenteric	and	hepatic	O2	delivery	
decreased.	similarly,	in	patients	suffers	acute	respiratory	
failure	PEEP	did	not	significantly	alter	splanchnic	blood	
flow	and	did	not	affect	indices	of	tissue	hypoxia	such	as	
gastric	mucosal	PCO2	and	the	blood	lactate	to	pyruvate	ra-
tio.17	However,	in	the	present	study	hepatic	parenchymal	
pO2	reduced	from	99.87±4.93	at	baseline	to	80.70±9.08	
and	furthermore	to	54.95±5.11	at	T1	and	T2	points	which	
is	statistically	significant	[p=0.0001].

in	conclusion,	although	low	and	short-term	application	
of	PEEP	by	itself	results	to	the	impairment	of	splanchnic	
tissue	perfusion	it	is	conceivable	that	longer	durations	
would	have	led	to	more	prominent	reductions	and	statis-
tically	significant	differences.	The	maintenance	of	cardiac	
output	during	changes	in	PEEP	should	prevent	potential	
impairment	of	splanchnic	perfusion.	despite	experimental	
evidence	regarding	the	effects	of	PEEP	on	splanchnic	per-
fusion	however	large	studies	in	humans	are	lacking	sug-
gesting	the	need	for	further	investigation.	
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