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Abstract
Background Clinical and experimental data indicate that neonates are sensitive to the  CO2 pneumoperitoneum. An impaired 
splanchnic perfusion during laparoscopy in adults has been reported. We recently confirmed that intravenous colloids improve 
macrocirculatory function in neonates. We aimed to determine the impact of  CO2 pneumoperitoneum on the perfusion of 
splanchnic organs in the young including effects of colloid application.
Methods Male piglets (n = 25) were divided into four groups: (1) neonatal controls, (2) neonates with crystalloid restitution, 
(3) neonates with colloidal restitution, and (4) adolescents with crystalloid restitution. Animals were ventilated and subjected 
to a 3-h, 10 mmHg  CO2 pneumoperitoneum followed by 2 h resuscitation. Hepatic, splanchnic, and arteriovenous shunt per-
fusion was assessed via central and portal venous catheters. Capillary organ flow was detected by fluorescent microspheres. 
The rate of bile flow was measured.
Results The neonatal crystalloid group showed a significant decrease in the intestinal capillary perfusion at the end of the 
recovery period. This was not detectable in the adolescent and colloid group. There was a significant increase in microcircula-
tory arterioportal shunt flow during the  CO2 pneumoperitoneum in both neonatal groups but not in the sham and adolescent 
groups (p < 0.05). Hepatic arterial perfusion increased after insufflation in all groups and dropped during capnoperitoneum 
to levels of about 70% baseline. There was no significant impairment of splanchnic perfusion or bile flow as a result of the 
pneumoperitoneum in all groups.
Conclusions Capillary perfusion of the abdominal organs was stable during capnoperitoneum and recovery in adolescents 
and neonates with colloid restitution, but not with crystalloid restitution. Significant arterioportal shunting during capnop-
eritoneum could affect hepatic microcirculation in neonates. Our data confirm that moderate pressure capnoperitoneum has 
no major effect on the perfusion of abdominal organs in neonates with adequate substitution.
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Laparoscopic surgery has been established as a technical 
option in the neonatal and young patient. However, there 
are little data concerning the effects of pneumoperitoneum 
in this age group. The available data indicate that there is an 
increased sensitivity of the neonatal patient.

In a study conducted in our department, Gomez-Dam-
meier observed that the majority of the infants that under-
went prolonged laparoscopic procedures developed anu-
ria [1]. In a single center and a multicenter study, Kalfa 
and colleagues reported an increased rate of insufflation-
related complications and incidences in neonates com-
pared to older children [2]. The experiments of our group 
also indicated that the cardiovascular system of neonates 
is more sensitive to  CO2 pneumoperitoneum than that of 
older children. In young rabbits, pneumoperitoneum led 
to a significant increase in superior and inferior vena cava 
pressure and cardiac output compared to baseline values 
[3]. In neonatal pigs, pneumoperitoneum induced a sig-
nificantly more pronounced decrease in cardiac index and 
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mean arterial pressure in comparison to adolescent pigs 
[4].

The effects of  CO2 pneumoperitoneum in neonates in 
terms of local microcirculation remain unknown. To inves-
tigate the extent to which the intestinal and splanchnic 
microcirculation of the small infant is sensitive to pneu-
moperitoneum, we compared the splanchnic organ blood 
flow between neonatal and adolescent pigs during and 
following a prolonged  CO2 pneumoperitoneum. As pre-
vious studies have shown that the application of plasma 
expander in addition to the intraoperative fluid substitu-
tion during surgery can prevent some of the unwanted side 
effects of pneumoperitoneum, we included one neonatal 
group that underwent this regimen.

Materials and methods

Animals

Methods and studies were approved by the Regional Ani-
mal Care and Use Committee of the Government of Lower 
Saxony (Protocol No. 33-42-502-06/1147). We used male 
German Landrace pigs in two different age cohorts: Ado-
lescent piglets (age 123–141 days; mean body weight of 
52.4 kg), and neonatal piglets (age 17–27 days; mean body 
weight of 6.3 kg). The neonates were randomly distributed 
across three further groups.

1. Neonatal control (n = 5) Animals underwent a sham 
pneumoperitoneum followed by resuscitation. Fluid 
substitution was 10 ml/kg BW/h using a buffered elec-
trolyte solution (Ringer’s acetate; Braun, Melsungen, 
Germany).

2. Neonatal crystalloid (n = 5) Animals received full 
 CO2-pneumoperitoneum and resuscitation. Fluid sub-
stitution was performed with 10 ml/kg BW/h using a 
buffered electrolyte solution (Ringer’s acetate; Braun, 
Melsungen, Germany).

3. Neonatal colloid (n = 5) Animals received full pneumo-
peritoneum and resuscitation. In addition to the fluid 
substitution with 10 ml/kg BW/h with a buffered elec-
trolyte solution (Ringer’s acetate; Braun, Melsungen, 
Germany), animals received 5 ml/kg BW/h hydroxy-
ethyl starch 130/0.42/6:2 (Venofundin® 6%; B. Braun, 
Melsungen, Germany).

4. Adolescent crystalloid (n = 5) Animals received full 
pneumoperitoneum and resuscitation. Fluid substitution 
was performed with 10 ml/kg BW/h using a buffered 
electrolyte solution (Ringer’s acetate; Braun, Melsun-
gen, Germany).

Procedures

Animals were orotracheally intubated and mechani-
cally ventilated with 2% isoflurane in oxygen/air,  FiO2 
0.5 to maintain an end-tidal carbon dioxide tension of 
35–40 mmHg. Anesthesia was maintained by intravenous 
infusion of fentanyl and rocuronium. Body temperature 
was continuously measured and maintained using an 
infrared lamp (LP1, Lister, Germany) and a circulating 
water mattress (HICO Aquatherm 650; Hirtz, Cologne, 
Germany).

The carotid artery was cannulated, and a 4-French (4F) 
oximetry thermal dye dilution probe (Pulsiocath, 4F PV 
2024L; Pulsion, Munich, Germany) was introduced and 
progressed via the distal ascending aortic artery to the 
left ventricle. A 22G single lumen central venous catheter 
(CVC) (Arrow) was introduced into the superior vena cava 
via the jugular vein. The left brachial artery was dissected 
and cannulated with a 4F catheter that was introduced 
towards the descending aortic arch. Likewise, the femo-
ral artery was dissected, and a 4F thermodilution catheter 
(Pulsiocath, PV2014L16; Pulsion) was introduced to the 
distal aortic artery up to the left ventricle.

The abdomen was opened by a median laparotomy. 
A venous arcade of the small intestine was isolated, 
and a Silastic catheter (0.6 mm external diameter) was 
inserted and advanced into the portal vein. The hepatic 
bile duct was isolated, and a 14-French (14F) catheter was 
inserted and tunneled through the abdominal wall. Under 
fluoroscopic and manual control, another 22G catheter 
was inserted into the right jugular vein and progressed 
through the right atrium into the lower vena cava before 
being positioned in one of the hepatic veins. The posi-
tions of the catheters were confirmed fluoroscopically. A 
4 mm trocar (30160H1; Karl Storz, Tuttlingen, Germany) 
was inserted in the lateral position and the abdominal 
wound was closed. The piglets were allowed to recover 
for 60 min before insufflation of  CO2 (ENDOFLATOR 
26430530; Karl Storz, Tuttlingen, Germany) with an insuf-
flation pressure of 10 mmHg was initiated. The pneumo-
peritoneum was maintained for 3 h. Sham animals under-
went the same procedures without the application of a 
pneumoperitoneum.

After decompression, monitoring continued for a fur-
ther 120-min resuscitation period. After the final measure-
ment, the piglets were euthanized by intravenous injection 
of pentobarbital (Fig. 1).
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Endpoints

Microcirculatory parameter

Capillary blood flow was determined using 15 μm colored 
microspheres of different colors (orange, red, black, and 
pink, Dye-Trak Microspheres; Triton Technology, San 
Diego, CA, USA), according to the instructions of the 
manufacturer. Shortly thereafter, 2 ml of a rigorously 
mixed solution containing microspheres of one color per 
timepoint was injected into the left ventricle. The lines 
were flushed with 10 ml balanced electrolyte solution. 
Starting 10 s before the injection and continuing for 110 s, 
femoral and brachial arterial, as well as portal, blood 
were drawn through a heparinized syringe at a fixed rate 
of 2 ml/min by an automated system (Harvard Apparatus 
Infusion Pump #22; South Natick, MA, USA). The vol-
ume taken was replaced by a balanced electrolyte solution. 
At the end of the experiment, the wet and dry weight of 
each organ was measured. Defined portions of each organ 
were stored for 5–14 days at room temperature in a fume 
hood for autolysis. After digestion with 1M KOH and 
10% Triton X-100, microspheres were recovered by spe-
cific washing and centrifugation steps. Dye was recovered 
from the microspheres by extraction with DMF (dimeth-
ylformamide) or CELLOSOLVE acetate. To quantify the 
microspheres, the dye content was then determined with 
a spectrometer at wavelengths of 673, 591, 546, 446, and 
366 nm.

The mean fluorescent activity of both arterial samples 
served as the standard for the determination of the organ per-
fusion. The fluorescence of the organ samples was divided 
by the sample weight, then by the fluorescence of the stand-
ard, and then by 2 to calculate the capillary tissue perfusion 
of the samples. The organ perfusion of one animal was based 
on the median value of the multiple samples taken from one 

organ. To approximate total organ perfusion, this value was 
multiplied by the organ weight. The total flow of the small 
and large intestine, spleen, and pancreas were added together 
to approximate the portal flow. The portal shunt flow was 
calculated by dividing the fluorescence of the portal sample 
by the standard. The hepatic arterial perfusion was based on 
the total fluorescent activity, thereby including microspheres 
that bypassed the splanchnic capillaries and reached the liver 
via the portal vein.

Bile flow

The bile was collected extracorporeally, and the volume of 
bile produced was measured hourly.

Statistical analysis

We compared the response to pneumoperitoneum between 
neonates with and without colloidal restitution and adoles-
cents. To prevent any general differences in the parameters 
between neonatal and adolescents from impairing the sta-
tistical analysis, the relative change of the parameters from 
the baseline value was used for the intergroup comparison. 
An intragroup comparison was calculated using analysis 
of variance ANOVA for repeated measures and a post hoc 
Holm–Sidak comparison. Intergroup comparison was calcu-
lated using analysis of variance ANOVA and Student–New-
man–Keuls test for post hoc comparison.

Results

Intestinal perfusion

The baseline intestinal capillary perfusion was similar in all 
neonatal groups, and was about twice as high as that of ado-
lescent pigs (data not shown). At the end of the pneumoperi-
toneum, the intestinal perfusion was not significantly altered 
compared to the baseline values in all groups (Fig. 2). At the 
end of the recovery period the intestinal perfusion decreased 
significantly in neonates with crystalloid fluid replacement. 
Neonates treated with plasma expanders, neonatal sham con-
trols, and adolescents did not show a significant change in 
intestinal perfusion during the experiment.

Hepatic arterial perfusion

The hepatic arterial perfusion was slightly higher in adoles-
cents than in neonatal pigs at baseline levels. After the 3-h 
 CO2 pneumoperitoneum and the 2-h recovery period, the 
hepatic arterial perfusion did not significantly change in all 
animals that had been subjected to  CO2 insufflation (Fig. 3).

Fig. 1  Timeline preparation. Graphic presentation of the different 
timepoints of perfusion measurement during the experimental setting
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Splanchnic capillary perfusion and splanchnic 
arteriovenous shunt flow

There was no significant change in the splanchnic capil-
lary blood flow in all groups throughout the experiment 
(Fig. 4).

The arteriovenous shunt perfusion in the splanchnic ves-
sels was low at baseline. All animals subjected to  CO2 insuf-
flation exhibited an increase in the shunt perfusion during 
pneumoperitoneum, which reached statistical significance in 
both neonatal groups. Following deflation, the shunt perfu-
sion was no longer elevated (Fig. 5).

Bile flow

There was no significant change in the bile flow in all 
groups throughout the observation period. Interestingly, 
the absolute rate of the bile flow, as given in ml/h kgBW, 
was higher in the neonatal group than it was in the ado-
lescent group; however, there was no significant change in 
each group throughout the experiment.

Fig. 2  Intestinal capillary perfusion. Changes of perfusion in the 
intestinal capillaries at different timepoints given as percent to base-
line. In the neo crystalloid group, perfusion at the end of the recov-
ery period was significantly decreased versus baseline (p > 0.05). Neo 
sham control group, neonatal pigs undergoing sham pneumoperito-
neum and receiving crystalloid fluid substitution (n = 5), Neo crystal-

loid neonatal pigs undergoing full pneumoperitoneum and receiving 
crystalloid fluid substitution (n = 5), Neo colloid neonatal pigs under-
going full pneumoperitoneum and receiving hydroxyethyl starch in 
addition to crystalloid fluid substitution (n = 5), Adolescent adolescent 
pigs undergoing full pneumoperitoneum and receiving crystalloid 
fluid substitution (n = 5)

Fig. 3  Hepatic arterial perfusion. Changes of perfusion in the hepatic 
artery at different timepoints given as percent to baseline. No signif-
icant changes of perfusion versus baseline in any group. Neo sham 
control group, neonatal pigs undergoing sham pneumoperitoneum 
and receiving crystalloid fluid substitution (n = 5), Neo crystalloid 
neonatal pigs undergoing full pneumoperitoneum and receiving crys-

talloid fluid substitution (n = 5), Neo colloid neonatal pigs undergoing 
full pneumoperitoneum and receiving hydroxyethyl starch in addition 
to crystalloid fluid substitution (n = 5), Adolescent adolescent pigs 
undergoing full pneumoperitoneum and receiving crystalloid fluid 
substitution (n = 5)
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Discussion

Since laparoscopic surgery was first introduced, many sci-
entists have expressed concerns that the application of a 
pneumoperitoneum might impair blood flow to the abdom-
inal organs. Numerous experimental and clinical studies 
have been conducted to investigate changes in splanchnic 
perfusion during laparoscopy (summarized in Table 1), 

and several authors have concluded that pneumoperito-
neum has a significant effect on organ perfusion. However, 
the study designs, models, technical aspects, and results 
are heterogeneous. The majority of existing studies have 
observed a decrease in perfusion of about 30–40%, espe-
cially during high-pressure (> 12 mmHg) or prolonged 
(> 120 min) pneumoperitoneum.

Various techniques have been deployed to assess blood 
flow and microcirculation. Many previous studies, that have 

Fig. 4  Splanchnic capillary perfusion. Changes of perfusion in the 
splanchnic capillaries at different timepoints given as percent to 
baseline. No significant changes of perfusion versus baseline in any 
group. Neo sham control group, neonatal pigs undergoing sham pneu-
moperitoneum and receiving crystalloid fluid substitution (n = 5), Neo 
crystalloid neonatal pigs undergoing full pneumoperitoneum and 

receiving crystalloid fluid substitution (n = 5), Neo colloid neonatal 
pigs undergoing full pneumoperitoneum and receiving hydroxyethyl 
starch in addition to crystalloid fluid substitution (n = 5), Adolescent 
adolescent pigs undergoing full pneumoperitoneum and receiving 
crystalloid fluid substitution (n = 5)

Fig. 5  Splanchnic arteriovenous shunt perfusion. Changes of perfu-
sion in the splanchnic arteriovenous shunt vessels at different time-
points given as percent to baseline. In the neo crystalloid and in the 
neo colloid group, perfusion at the start and at the end of pneumo-
peritoneum was significantly increased versus baseline, respectively 
(p < 0.05). Neo sham control group, neonatal pigs undergoing sham 
pneumoperitoneum and receiving crystalloid fluid substitution 

(n = 5), Neo crystalloid neonatal pigs undergoing full pneumoperi-
toneum and receiving crystalloid fluid substitution (n = 5), Neo col-
loid neonatal pigs undergoing full pneumoperitoneum and receiving 
hydroxyethyl starch in addition to crystalloid fluid substitution (n = 5), 
Adolescent adolescent pigs undergoing full pneumoperitoneum and 
receiving crystalloid fluid substitution (n = 5)
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described distinct changes in perfusion used transonic or 
laser Doppler flow probes. We attempted to use Doppler 
flow probes positioned at the portal vein to measure portal 
blood flow and on the liver surface to measure superficial 
and deep liver flow in preliminary experiments to establish 
the best technique. However, we were not able to achieve the 
stability needed for accurate measurements during the insuf-
flation period and to obtain valid data in neonates. Therefore, 
we decided to use colored microspheres to measure tissue 
perfusion. In contrast to probes, this method is better suited 
for the detection of microcirculatory disturbances around 
major vessels and is less affected by the movements that 
result from insufflation and deflation.

In our study, there was no change in intestinal capillary 
perfusion after initiation of the pneumoperitoneum. At the 
end of the long-lasting 10 mmHg pneumoperitoneum, we 
detected a small, but not significant, reduction in intestinal 
capillary perfusion in adolescent pigs. This was in line with 
the findings of other groups that have used microspheres 
and detected impaired organ perfusion only in high-pressure 

(15, 20 or 30 mmHg) pneumoperitoneum in different models 
[16, 19, 26].

The decrease was slightly more pronounced in infant 
piglets, however, due to the distinct variation of the values, 
did not reach significance during the period of the pneumo-
peritoneum. After deflation, intestinal capillary perfusion 
tended to decrease further, and we observed a significant 
drop in intestinal capillary perfusion (vs. baseline) in neo-
natal piglets supplemented with crystalloid infusion at the 
end of the 2-h recovery period. Nonetheless, the perfusion 
was about 70% that of the baseline values. We concluded 
that the pneumoperitoneum had no major effect on intestinal 
capillary perfusion.

In alternative models, our group has previously observed 
that some of the detrimental effects of pneumoperitoneum 
on cardiovascular functions only manifest after the release 
of the  CO2 [3, 4]. This appears to be related to the com-
pensatory effects of the increased abdominal pressure on 
intravascular pressure. Evaluating the total perfusion of the 
organs in the splanchnic vessel area, we observed a similar 

Table 1  Splanchnic perfusion during and after pneumoperitoneum reported

Author, reference as given in the text; Year, year of publication; Organ measured, organ in which the perfusion during pneumoperitoneum was 
measured; Method of measurement, described method which was used for measuring the perfusion in the described organ; Perfusion decrease, 
reported decrease of perfusion in the described organ during pneumoperitoneum (yes/no)

Author [Ref] Year Model Organ measured Method of measurement Perfusion 
decrease

Leftheriadis et al. [5] 1996 Human Liver Laser-Doppler Yes
Schilling et al. [6] 1997 Human Liver and intestinum Laser-Doppler Yes
Junghans et al. [7] 1997 Porcine Liver Transonic flow probes Yes
Klopfenstein et al. [8] 1998 Porcine Liver Transonic flow probes No
Tagaki [9] 1998 Human, porcine Liver Doppler flow probes Yes
Sala-Blanch et al. [10] 1998 Porcine Liver Indocyanine green clearance Yes
Windberger et al. [11] 1999 Porcine Liver Electromagnetic flowprobes and Laser-Doppler Yes
Kotzampassi et al. [12] 2000 Porcine Liver and intestinum Laser-Doppler Yes
Pastor et al. [13] 2001 Porcine Liver Flow probes No
Schmandra et al. [14] 2001 Rat Liver Periportal flow probes Yes
Yokoyama et al. [15] 2002 Rat Liver and intestinum Microspheres Yes
Leister et al. [16] 2004 Rat Liver Intravital fluorescence microscopy Yes
Meierhenrich et al. [17] 2005 Human Liver Transesophageal doppler No
Ali et al. [18] 2005 Porcine Liver Laser-Doppler Yes
Goitein et al. [19] 2005 Porcine Intestinum Microspheres No
Junghans et al. [20] 2005 Porcine Liver Transonic flow probes Yes
Szold and Weinbroum [21] 2008 Rat Liver Perfusion catheters in chamber Yes
Berger et al. [22] 2012 Human Gastric mucosa Continuous air tonometry for  CO2 pressure meas-

urement
Yes

Sanchez-Etayo et al. [23] 2012 Porcine Liver Indocyanine green clearance and fiber optic probes Yes
Hoekstra et al. [24] 2013 Porcine Liver Indocyanine green clearance and reflectance spec-

trophotometry
Yes

Chadi et al. [25] 2015 Rat Liver Intravital video microscopy with fluorescence 
microscopy

Yes

Adelsdorfer et al. [26] 2016 Porcine Intestinum, colon, stomach Microspheres Yes
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effect, with the pneumoperitoneum having only a minor, not 
significant, detrimental effect on organ perfusion.

An interesting observation that did not directly affect 
organ perfusion was an increase in microcirculatory 
shunt perfusion in the splanchnic vessel bed during the 
 CO2 pneumoperitoneum in all groups. This increase only 
reached significance in neonates (p < 0.05). The phenom-
enon of microcirculatory shunting has been described for 
various organs with other conditions, such as sepsis [27] 
and ischemia [28], and is considered to represent a marker 
and cause of impaired tissue perfusion. In shunting, ves-
sels connecting the afferent arterioles and efferent venules 
open, so that the blood flow is partially bypassing the capil-
lary network. Several factors have been described to induce 
not only functional shunting, such as increased pressure 
and shear stress, but also metabolic stimuli [29]. It has also 
been shown that low oxygen levels evoke vasodilatation and 
thus increase of blood flow [30]. It is unclear whether the 
increased intra-abdominal pressure during capnoperitoneum 
or the metabolic effects leads to the functional shunting. 
Based on the vasodilatory effects of  CO2 in the mesenteric 
vessel bed [31], it could be speculated that the insufflation of 
 CO2 locally affects the vasculature. Due to a  CO2-triggered 
vasodilatation and via vasodilator signaling, the perfusion 
of shunting vessels could be promoted, bypassing the capil-
lary bed. The relevance of this arterioportal shunt perfusion 
during capnoperitoneum is not yet clear; however, it does 
not seem to be directly related to the changes in capillary 
perfusion.

To determine the effects of the capnoperitoneum on liver 
perfusion and function, we measured hepatic arterial perfu-
sion and bile production. There was no significant change 
in bile production throughout the experiment indicating that 
the pneumoperitoneum does not have a significant effect on 
liver function. Hepatic arterial perfusion was calculated 
based on the microspheres trapped in the hepatic tissue 
and, thus, reflects both the arterial perfusion via the hepatic 
artery and microspheres transported to the liver via splanch-
nic shunting vessels. We observed an initial increase in the 
hepatic arterial perfusion of about 30% after  CO2 insuffla-
tion in all groups. However, this dropped during the course 
of the pneumoperitoneum to levels of about 70% that of the 
baseline (n.s. vs. baseline). This initially puzzling observa-
tion could point toward a special susceptibility of hepatic 
perfusion to capnoperitoneum. It is reasonable to speculate 
that the increased splanchnic shunt perfusion during the 
capnoperitoneum initially increased the amount of arterial 
blood reaching the liver, as it adds up to the perfusion of the 
hepatic artery. Thereafter, and during the capnoperitoneum, 
the increased portal blood flow might reduce the perfusion 
of the hepatic artery via the hepatic arterial buffer response 
[32]. This theory appears worrisome because the reduction 
of hepatic global arterial perfusion displayed in Fig. 3 would 

be more severe during late pneumoperitoneum if shunt per-
fusion was subtracted, i.e., the display of the perfusion of the 
hepatic artery showed a very strong reduction at the end of 
the pneumoperitoneum. However, with the limited number 
of animals included in this study, we did not detect these 
values. The reported effects of capnoperitoneum on hepatic 
arterial and portal perfusion in the literature appear to be 
controversial. Some authors describe a reduced blood flow in 
the hepatic artery and portal vein during long-lasting, high-
pressure pneumoperitoneum [12, 33], while others report 
an increase [8].

Looking at the data in detail, it becomes apparent that the 
effect of capnoperitoneum on hepatic blood flow seems not 
only to depend on the degree of intra-abdominal pressure, 
but also on other variables.

Junghans described an initial decrease in portal blood 
flow after the induction of capnoperitoneum, but found 
that, after increasing intravascular volume by infusion of 
a hydroxyethyl starch solution, the portal blood flow was 
increased beyond the baseline values [7]. We also observed 
this beneficial effect of plasma expanders, as infusion pre-
vented a significant decrease in the intestinal capillary per-
fusion observed in neonates with a restrictive crystalloid 
fluid restitution.

Klopfenstein found that the hepatic arterial and portal 
vein blood flow were both decreased when the patient’s head 
was positioned in an upward tilt in the absence of pneumo-
peritoneum but not in the presence of abdominal  CO2. No 
change in both hepatic blood flows was observed when the 
head was positioned in a downward tilt in the presence of 
abdominal  CO2 [8]. This could be due to compression of the 
splanchnic capacity vessel beds or due to the vasodilatory 
effects of the  CO2. In line with the second mode of action, 
Ali found that the inclusion of ethyl nitrite in the insufflation 
admixture during capnoperitoneum attenuated both the acute 
and prolonged liver blood flow decreased in comparison to 
the ethyl nitrite-free control group [18].

Other studies have found that the degree of impairment 
in global hepatic perfusion seems to be only present or more 
pronounced during pneumoperitoneum with particular high 
intra-abdominal pressures [22].

Nonetheless, even if total hepatic blood flow might be 
impaired only by lengthily, high-pressure pneumoperito-
neum, the pneumoperitoneum seems to have an effect on 
the hepatic microcirculation prior to changes in global 
perfusion.

Sanchez-Etayo found that the total liver blood flow 
remained mostly unaltered at low intra-abdominal pres-
sures and only decreased at an intra-abdominal pressure of 
> 20 mmHg [24]. However, the hepatic microvascular flow 
decreased at moderate intra-abdominal pressures. Hoek-
stra observed a disturbed microvascular perfusion during 
capnoperitoneum. After 6  h of capnoperitoneum, ICG 
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(indocyanine green) clearance increased significantly, indi-
cating a compensatory improvement of overall liver blood 
flow resulting in concomitantly improved global perfusion 
[25].

Taken together, these studies support our theory that an 
increase in splanchnic arterioportal shunt perfusion in com-
bination with the increased abdominal pressure could lead to 
a marked reduction in flow in the hepatic artery and potential 
disturbance of hepatic microcirculation, despite only moder-
ate changes in global hepatic perfusion. This is supported 
by clinical studies that have found that there is a significant 
increase in serologic markers of liver damage/dysfunction in 
patients who undergo laparoscopic cholecystectomy, despite 
a lack of clinical symptoms [34].

However, the special susceptibility of the hepatic micro-
circulation and its potential affection via the hepatic arterial 
buffer response require a special attention on the hepatic 
function during long-lasting laparoscopic procedures in 
neonates.

There are some limitations to our study. The power of 
our analysis is reduced by the limited number of animals 
per group, in combination with a comparison of multiple 
groups. Moreover, the standard deviation that is inherent 
in the technically demanding method made it impossible to 
detect the more minor effects the pneumoperitoneum had on 
the organ perfusion. Furthermore, the degree to which the 
preterm neonates with significantly lower arterial pressure 
than the animals used in our experiments could be affected 
by a pneumoperitoneum remains unknown.

In conclusion, our data suggest that there is no major 
impairment in splanchnic perfusion in adolescent and neo-
natal pigs that receive adequate fluid substitution during and 
following a prolonged  CO2 pneumoperitoneum with moder-
ate insufflation pressure. The observed increase in arterio-
portal shunt flow raises the possibility alterations in hepatic 
circulation and merits further investigation.
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