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Moderate Increase in Intraabdominal Pressure Attenuates
Gastric Mucosal Oxygen Saturation in Patients Undergoing
Laparoscopy
Lothar A. Schwarte, M.D.,* Thomas W. L. Scheeren, M.D.,† Christel Lorenz, M.D.,† Filip De Bruyne, M.D.,‡
Artur Fournell, M.D.†

Background: Perioperative disturbances of microvascular
blood flow and oxygenation in the intestinal tract have been
hypothesized to play an important role in development of the
multiple organ dysfunction syndrome. Herein, increased intra-
abdominal pressure (IAP) has been identified as a key factor in
the initiation of the pathophysiologic cascade. The authors hy-
pothesized that increasing the IAP by intraperitoneal insuffla-
tion of carbon dioxide attenuates microvascular oxygen satura-
tion in gastric mucosa. They tested this hypothesis in a
prospective, observational study in 16 patients scheduled to
undergo elective diagnostic laparoscopy.

Methods: The authors continuously assessed microvascular
oxygen saturation in gastric mucosa by reflectance spectropho-
tometry. Simultaneously systemic oxygen saturation, heart rate,
arterial blood pressure, and ventilation-derived variables were
measured noninvasively. During general anesthesia and con-
trolled mechanical ventilation, baseline values were obtained.
Thereafter, the IAP was increased to 8 and 12 mmHg, respec-
tively, followed by a control period after desufflation.

Results: The increase in IAP from baseline to 8 mmHg de-
creased microvascular oxygen saturation in gastric mucosa
from 69 � 7% (mean � SD) to 63 � 8% at 8 mmHg IAP (P <
0.05), with a further significant reduction to 54 � 13% at
12 mmHg IAP (P < 0.01). Microvascular oxygen saturation in
gastric mucosa recovered rapidly to baseline level (66 � 10%)
after release of increased IAP. In striking contrast to regional
mucosal oxygen saturation, systemic oxygenation did not
change with either of the interventions.

Conclusions: The results suggest that increasing intraabdomi-
nal pressure to moderate levels, commonly applied to induce a
surgical pneumoperitoneum, decreases gastric mucosal oxygen
saturation.

INTRAABDOMINAL hypertension is a clinical condition
associated with high morbidity and mortality. With a
cutoff at 12 mmHg, the intraabdominal pressure (IAP)
has been shown to be an independent predictive factor
for intensive care unit and hospital mortality with high
specificity (91.6% and 81.7%, respectively) and accuracy
(86.9% and 79.8%, respectively); the higher the IAP
value, the poorer the survival.1 Within this concept,
increased IAP has been identified as a major component

in the development of the multiple organ dysfunction
syndrome.1,2 In view of the hypothesized pivotal role of
the gut in the pathogenesis of this syndrome,3 i.e., by
disturbances of microvascular blood flow and mucosal
barrier function,4–7 possible adverse effects of increased
IAP on splanchnic circulation and oxygenation are of
pertinent interest. Increases in IAP to 25 mmHg for 60
min have been implicated in the occurrence of de-
creased mesenteric blood flow and hence the loss of
mucosal barrier function.8

In experimental animals, increasing the IAP by differ-
ent techniques, e.g., insufflation of an intraabdominal
balloon, intraperitoneal insufflation of carbon dioxide,
helium, or air, has been shown to compromise splanch-
nic perfusion.9–11 Consequently, a decrease in tissue
partial pressure of oxygen (PO2) in the ileum in response
to increased IAP has been documented in a porcine
model of abdominal hypertension.10 However, because
of the lack of applicable methods in patients to directly
assess tissue oxygenation, measurements of splanchnic
mucosal oxygenation during increased IAP have been
restricted to experimental settings.10 No data have been
published on this issue in patients so far.

We hypothesized that the increase in IAP decreases
microvascular oxygen saturation in gastric mucosa
(�HbO2) pressure level dependently. To test this hy-
pothesis, we studied the effect of different levels of IAP
on �HbO2 and the reversibility of these effects in anes-
thetized patients. In this setting, �HbO2 was assessed
directly in gastric mucosa by reflectance spectrophotom-
etry.12 This method allows for continuous measurement
of microvascular oxygen saturation in volunteers and
patients.13–15

Materials and Methods

Patients
The study protocol was approved by the local Institu-

tional Review Board (Ethics Committee, Medical Faculty,
Heinrich-Heine-University, Düsseldorf, Germany) and
performed in compliance with the principles established
in the Helsinki Declaration. Sixteen patients scheduled
to undergo elective, diagnostic laparoscopy were in-
cluded consecutively after a full explanation of the study
and obtaining written informed consent. Exclusion cri-
teria included withdrawal of consent, history of gastro-
intestinal illness, cardiopulmonary diseases, and diabetes
mellitus. Patients had ovary cysts, myoma, endometrio-
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sis, or infertility. The average patient age was 31 � 9 yr
(mean � SD). The patients’ mean size and body weight
were 167 � 7 cm and 64 � 14 kg, respectively, resulting
in an average body mass index of 22.9 � 4.5 kg/m2. Nine
patients had American Society of Anesthesiologists phys-
ical status class I, and three patients had class II.

Anesthesia and Ventilation
Food was withheld for 8 h before the measurements to

ensure gastric depletion. Premedication consisted of
7.5 mg midazolam orally. Anesthesia was induced with
thiopentone (3–5 mg/kg) and was maintained with sevoflu-
rane (end-tidal concentration, 1.6–1.8 vol%) in 30% oxygen
balanced in air. Analgesia was supplemented with alfentanil
(10 �g/kg, followed by 10–30 �g · kg�1 · h�1). Tracheal
intubation was facilitated with rocuronium (0.6 mg/kg);
neuromuscular block was maintained with 0.1-mg/kg in-
crements. Mechanical ventilation (Cicero EM; Dräger,
Lübeck, Germany; tidal volume, 9 ml/kg; inspiratory:expi-
ratory cycle time, 1:1.7; positive end-expiratory pressure, 0
cmH2O) was set meticulously to maintain normocapnia
(end-tidal partial pressure of carbon dioxide [ETCO2], 36 �
3 mmHg, verified by continuous capnography) by adjusting
respiratory rate.

The patients were hydrated with lactated Ringer’s so-
lution (10 ml · kg�1 · h�1). During the study, the patients
were lying in the supine position and were covered with
warming blankets (Bair Hugger; Arizant Inc., Eden Prai-
rie, MN) to preserve body temperature.

Measurements
Tissue Reflectance Spectrophotometry. We ap-

plied reflectance spectrophotometry (Erlangen Microli-
ghtguide Spectrophotometer, EMPHO II; Bodensee
Gerätetechnik GmbH, Überlingen, Germany) to assess
microvascular oxygen saturation of hemoglobin in gas-
tric mucosa as previously reported in patients and vol-
unteers.14,15 The EMPHO consists of four functional

modules: a light source, a micro–light guide probe, a
detection device, and a personal computer. The light
from a xenon high-pressure arc lamp is transmitted by a
highly flexible micro–light guide (250-�m diameter) to
the tissue. The color of this light changes corresponding
to the oxygen saturation of hemoglobin in tissue. The
reflected light in the tissue is transferred back by a
hexagon of six light guides (250-�m diameter) surround-
ing the illuminating light guide. All light guides are en-
cased in a flexible rubber tube with an OD of approxi-
mately 2.0 mm. The backscattered light is passed
through a rotating interference bandpass filter disk,
where it is split into its spectral components. These
spectra are fitted to known spectra, starting with the
spectra of fully oxygenated and fully deoxygenated he-
moglobin, in an iteration process with a resolution of 1
nm to provide absolute data of �HbO2 (EMPHO II soft-
ware, version 2.0; Bodensee Geräte Technik, Friedrichs-
hafen, Germany).12

The light guide probe was introduced via an orogastric
tube (14 Charrière) inserted for 50 cm from the upper
row of teeth into the stomach. The position of the tube
in the stomach was identified by insufflating a small
volume (approximately 20 ml) of ambient air into the
tube during auscultation over the epigastrium14,15 and
by the aspiration of gastric contents.16 During the study
period, the stomach was drained via this tube to prevent
gastric distension.

The measuring probe was introduced via the orogas-
tric tube (length marker on the probe to assure that the
tip of the probe was 1 cm beyond the distal opening of
the orogastric tube after inserted up to the length
marker). The precise contact of the measuring probe
with the gastric mucosa was ascertained by continuous
evaluation of the shape of the absorption curve on the
monitor screen of the EMPHO as detailed previous-
ly.14,15,17,18 The scattering of �HbO2 data points from
the average value during steady state conditions was

Fig. 1. Representative on-line tracing of
gastric mucosal oxygen saturation
(�HbO2) in a patient before and during
induction of a carbon dioxide–pneumo-
peritoneum. The high resolution of re-
flectance spectrophotometry (each data
point represents the mean of 100 re-
corded spectra, measured in 1.6 s) un-
veils the physiologic changes of �HbO2

over time. Starting from a mean value of
76%, the elevation of intraabdominal
pressure (IAP) elicited a biphasic re-
sponse on �HbO2. Initially, with the ele-
vation of IAP to 8 mmHg (indicated by
arrow), �HbO2 showed a brief tendency
to increase slightly, probably because of
the squeezing of intraabdominal veins
and, hence, possibly augmentation of ve-
nous return and cardiac output; but after
approximately 2 min, �HbO2 started to
decline to, finally, a mean value of 67%.
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below � 2% (fig. 1). Values given refer to the mean value
over the last 2 min at the end of each intervention.

Intraabdominal Pressure. Measurement of IAP was
accomplished by the introduction of a Veress cannula
(OD, 2.1 mm; Karl Storz GmbH & Co KG, Tuttlingen,
Germany) into the abdominal cavity via a periumbilical
incision. Medical carbon dioxide was insufflated inter-
mittently at a flow of 1.5 l/min through this cannula until
the IAP reached and maintained the target level (Ther-
moflator; Karl Storz GmbH & Co KG).

Systemic Hemodynamics and Oxygenation. We
assessed systemic hemodynamics, i.e., heart rate (elec-
trocardiographically triggered cardiotachometer) and ar-
terial blood pressure, noninvasively (automatic oscillom-
eter, Cardiocap II; Datex-Engstrom, Helsinki, Finland).
We continuously measured systemic oxygen saturation
by pulse oximetry (Cardiocap II).

Study Protocol
At least 20 min were allowed after induction of anes-

thesia and instrumentation to establish steady state con-
ditions with respect to anesthesia, hemodynamics, ven-
tilation, metabolism (constant inspiratory-to-expiratory
gradient of oxygen concentration, ETCO2), and systemic
and regional oxygen saturation before collection of data
was started. Thereafter, the IAP was increased to 8 and
12 mmHg, respectively, followed by release of increased
IAP. Data were compared during steady state conditions
at four time points: (1) baseline measurements, per-
formed with the Veress cannula in situ with 0 mmHg
superimposed IAP (baseline); (2) during an IAP of
8 mmHg; (3) during an IAP of 12 mmHg; and (4) after
release of increased IAP (control). Each measurement
period lasted 15 min, a time sufficient to achieve stable
values of the assessed variables.

Statistical Analysis
Statistical calculations and analysis were performed

using StatView (version 5.0; SAS Institute, Inc., Cary, NC)
and JMP software (version 5.0.1a; SAS Institute, Inc.).
Patient group size calculations were derived from a pre-
vious study in volunteers,15 according to which we cal-
culated that at least 13 patients had to be studied to
detect a 10% diminution in �HbO2 with an � error of
0.05 and a power of 0.95 based on a SD of 9% within
�HbO2 measurements. We decided to consecutively in-
clude 16 patients in the study group.

The results obtained are given as mean � SD. After
confirming normal distribution of our data (Kolmogorov-
Smirnov test), one-way analysis of variance for repeated
measurements was used to analyze continuous variables
measured over time. The following hypotheses were
tested: Increases in IAP cause a pressure level–depen-
dent reduction in �HbO2, and there is no significant
difference in values of �HbO2 during baseline and con-
trol measurements after release of increased IAP. In case

of significance, Scheffé post hoc test was applied to
identify significant differences. Statistical significance
was assumed if the � error was smaller than 5%.

Results

All patients fulfilled the study protocol, and none had
to be excluded because of missing data. They experi-
enced an uneventful course and recovery from anesthe-
sia, and none of them developed clinically significant
signs of gastrointestinal complications before hospital
discharge. Because of dislocation, the probe for �HbO2

measurements had to be repositioned in three patients.
Reposition was not followed by different readings.

Gastric Mucosal Oxygen Saturation
Analysis of variance for repeated measurements

showed significant effects of the level of IAP on �HbO2

(P � 0.0001). Increasing IAP pressure level dependently
attenuated �HbO2 (fig. 2), resulting in a decrease from
69 � 7% at baseline to 63 � 8% (mean � SD) at 8 mmHg
IAP (P � 0.05). The decrease in �HbO2 was even more
pronounced with the increase in IAP from 8 to
12 mmHg, i.e., from 63 � 8% to 54 � 13% (P � 0.01).
Release of increased IAP resulted in a rapid return in
�HbO2 almost to baseline, i.e., to 66 � 10%.

Systemic Oxygen Saturation
In striking contrast to regional oxygen saturation, the

stepwise increase and subsequent release in IAP did not

Fig. 2. Variability in microvascular oxygen saturation in gastric
mucosa (�HbO2) during graded elevation of intraabdominal
pressure (IAP), and after release of increased IAP in anesthe-
tized patients. Data are expressed as mean � SD for n � 16
patients. Elevating IAP decreased the �HbO2 pressure level de-
pendently, whereas pressure release returned the �HbO2 al-
most to baseline values. Baseline � baseline measurements;
Control � measurements after desufflation, control period; IAP
8 � measurements during 8 mmHg IAP; IAP 12 � measurements
during 12 mmHg IAP.
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influence systemic oxygen saturation, which remained
stable throughout all interventions (table 1).

Systemic Hemodynamics and Ventilation
The increase in IAP from baseline to 8 mmHg in-

creased mean arterial pressure (MAP) by 14 mmHg (P �
0.05), whereas the increase in IAP from 8 to 12 mmHg
had no significant additional effect on MAP (table 1).
Heart rate increased slightly with the increase in IAP and
decreased with release of increased IAP, although these
changes did not reach the level of significance (table 1).

End-tidal carbon dioxide remained stable during all
interventions by increasing respiratory rate to adjust
minute ventilation (table 2). Peak and mean airway pres-
sure increased slightly in order with the increases in IAP
to 8 and 12 mmHg, respectively (table 2). Both pressures
returned to their respective baseline levels during the
control period after desufflation, despite still-increased
minute ventilation compared with baseline measurements.
End-tidal concentrations of sevoflurane did not vary sig-
nificantly during the anesthetic procedure (table 2).

Discussion

This is the first study in patients directly assessing
microvascular oxygen saturation in gastric mucosa dur-
ing increased intraabdominal pressure. The main finding
is that the increase in IAP to moderate levels, i.e.,
12 mmHg or less, significantly decreased gastric mucosal
oxygen saturation despite stable systemic oxygen satu-
ration. These effects were rapidly and completely re-
versed by the release of increased IAP.

Critique of Methods
We applied reflectance spectrophotometry to contin-

uously assess �HbO2. The validity of oxygen saturation
measurements in intestinal mucosa using reflectance
spectrophotometry has been demonstrated by Hasibeder
et al.,19 comparing �HbO2 data with simultaneously
recorded microvascular PO2 values provided by surface
PO2 electrodes. Moreover, spectrophotometric measure-
ments have been shown to be consistent with regional
perfusion data in gastroduodenal mucosa assessed by the
hydrogen gas clearance technique.20 Normal values of
�HbO2 in volunteers spontaneously breathing ambient
air have been reported to be 59 � 7%.15

Oxygen saturation measurements applying reflectance
spectrophotometry comprise arterial, capillary, and ve-
nous blood; although the exact proportions are un-
known, capillary blood probably represents the major
source of the reflected light from tissue.21 The EMPHO
detects this light from a depth of less than 1 mm, i.e.,
only from gastric mucosa.21

Our technique to place the micro–light guide via an
orogastric tube allowed identification of the location of
the measuring probe in the stomach but did not provide
information regarding the precise area of gastric mucosa
being monitored. However, �HbO2 values in humans do
not show major variability between various mucosal
observation sites in the stomach and in the upper small
intestine.13 In addition, although the changes in �HbO2

in gastric mucosa in our patients during increased IAP
might not represent the absolute values of what is oc-
curring in the entire splanchnic region, it can be specu-
lated that the changes in �HbO2 during increased IAP
were mirrored by comparative concurrent alterations in
other splanchnic organs. This view is supported by si-
multaneous laser Doppler flow measurements in pa-
tients undergoing laparoscopy with a carbon dioxide
pneumoperitoneum showing decreases in mucosal
blood flow in all intestinal organs up to 54%.22

The supine position of the patients on the table was
standardized and maintained throughout the entire ob-
servation period because positional changes could have
affected systemic and regional circulation.23 During the
study period, all patients received a standardized inhala-
tion anesthesia regimen with sevoflurane, carefully ad-
justed to meet the anesthetic requirements. The varia-

Table 1. Effects of Incremental Increases and Subsequent
Release of IAP on Systemic Hemodynamics and Systemic
Oxygen Saturation

Baseline IAP 8 IAP 12 Control

MAP, mmHg 70 � 9 84 � 20* 89 � 15† 80 � 13
HR, min�1 77 � 8 81 � 10 81 � 12 73 � 12
SpO2, % 98 � 1 98 � 1 97 � 1 98 � 1

Data are expressed as mean � SD for n � 16 patients.

* P � 0.02 baseline vs. IAP-8. † P � 0.001 baseline vs. IAP-12.

Baseline � measurements during 0 mmHg superimposed intraabdominal
pressure (IAP), baseline measurements; control � measurements after des-
ufflation, control period; HR � heart rate; IAP 8 � measurements during 8
mmHg IAP; IAP 12 � measurements during 12 mmHg IAP; MAP � mean
arterial pressure; SpO2 � systemic oxygen saturation.

Table 2. Course of Ventilation-derived Variables and End-tidal
Sevoflurane Concentration during Graded Increases and
Subsequent Release of IAP

Baseline IAP 8 IAP 12 Control

ETCO2, mmHg 35 � 2 37 � 2 37 � 3 36 � 3
RR, min�1 9 � 2 10 � 3 13 � 3* 12 � 4†
V, l/min 5.0 � 0.6 5.7 � 0.9 7.0 � 1.7* 6.9 � 2.1†
Paw peak, cmH2O 15 � 5 17 � 5‡ 20 � 4§� 17 � 6#
Paw mean, cmH2O 4 � 2 5 � 1‡ 6 � 2§� 4 � 1#
ET sevoflurane,

vol%
1.6 � 0.5 1.7 � 0.3 1.8 � 0.3 1.6 � 0.6

Data are expressed as mean � SD for n � 16 patients.

* P � 0.01 baseline vs. IAP-12. † P � 0.01 baseline vs. control. ‡ P � 0.05
baseline vs. IAP-8. § P � 0.002 IAP-8 vs. IAP-12. � P � 0.0001 baseline vs.
IAP-12. # P � 0.001 IAP-12 vs. control.

Baseline � measurements during 0 mmHg superimposed intraabdominal
pressure (IAP), baseline measurements; control � measurements after des-
ufflation, control period; ETCO2 � end-tidal partial pressure of carbon dioxide;
ET sevoflurane � end-tidal concentration of sevoflurane; IAP 8 � measure-
ments during 8 mmHg IAP; IAP 12 � measurements during 12 mmHg IAP;
Paw peak and mean � peak and mean airway pressure, respectively; RR �
respiratory rate; V � minute volume.
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tion in �HbO2 with increasing IAP should not have been
influenced by sevoflurane because end-tidal concentra-
tions of this anesthetic did not differ significantly be-
tween the measurement phases (table 2).

We used the intermittent flow mode of the Thermoflator
to induce and control the level of intraabdominal pressure.
In this mode, the IAP is measured during the no-flow
phases, i.e., it cannot be confounded by flow dynamics.

End-tidal carbon dioxide was assessed by capnogra-
phy. This method has been shown to adequately guide
ventilation during laparoscopy in patients with a carbon
dioxide pneumoperitoneum.24 We maintained ETCO2 sta-
ble throughout the entire study period, a regimen that
compensates for the acid–base disturbances elicited by
intraabdominal insufflation of carbon dioxide.25

Furthermore, our results could have been influenced
by the selection of carbon dioxide to increase IAP. In
patients undergoing laparoscopic surgery, gastric muco-
sal partial pressure of carbon dioxide (PCO2) increased
slightly from 39 mmHg at baseline to 44 mmHg during a
carbon dioxide pneumoperitoneum at 12 mmHg IAP
despite stable ETCO2.26 We cannot supply data on muco-
sal PCO2 in our patients. However, on a theoretical basis,
an increase in mucosal PCO2 in an extent of 5 mmHg
could elicit a modest rightward shift of the respective
oxyhemoglobin dissociation curve and hence a minor
decrease in �HbO2 of 1–2%.

In a porcine model with stable ETCO2, the insufflation
of air decreased mesenteric artery blood flow during the
entire bandwidth of increased intraabdominal pressures,
whereas the insufflation of carbon dioxide reduced the
flow only at an IAP level greater than 12 mmHg.11 Thus,
one might speculate that in our study, the attenuation of
�HbO2 would probably have been even more pro-
nounced with the insufflation of air compared with the
insufflation of carbon dioxide.

Interpretation of Results
The baseline values of �HbO2 in our patients were

within the physiologic range observed in healthy volun-
teers.15 Direct measurements of splanchnic mucosal ox-
ygenation during increased IAP in patients have not yet
been reported. However, similar to our results, indicat-
ing reduced regional despite unchanged systemic oxy-
gen saturation during increased IAP, Bongard et al.10

reported in a porcine model a decrease in PO2 in the
ileum in response to an increase in IAP despite unaltered
PO2 in the subcutaneous tissue. Comparable to our data,
an impairment of splanchnic perfusion–oxygenation
corresponding to the level of IAP has been demonstrated
in patients by gastric tonometry and the calculation of
intramucosal pH.27,28 Furthermore, these studies re-
ported a direct relation between abnormally low in-
tramucosal pH and outcome.27,28

Microvascular oxygen saturation reflects the balance of
local oxygen influx to consumption.13 Therefore, the

attenuation of �HbO2 during increased IAP could be
attributed to increased consumption, to decreased sys-
temic or regional oxygen supply, or to a combination of
both. Increased regional oxygen consumption cannot be
excluded completely in our study, although there is no
experimental evidence supporting the idea of enhanced
mucosal oxygen consumption during increased IAP.
However, even though MAP and heart rate were well
maintained during abdominal hypertension in our pa-
tients, compromised systemic or regional oxygen supply
with incremental levels of IAP might have contributed to
the decrease in �HbO2. Intraabdominal hypertension
and its transmission to the thoracic cavity increases ve-
nous resistance and may thus decrease both inferior and
superior vena cava flow, resulting in reduced preload
and consequently decreased cardiac output.29–32 How-
ever, the cutoff point for the impairment of venous
return at 15 mmHg IAP is well above the levels of IAP
applied in our study; actually, IAP pressures of 10–
15 mmHg have been reported to enhance venous return by
the mobilization of blood from capacitance vessels in the
abdomen.33 This may account for the slight increase in
cardiac output demonstrated with moderate increases in
IAP.30,34

The increase in MAP in our study with increasing IAP
probably reflects an increase in systemic vascular resis-
tance as recently reported in patients during laparo-
scopic surgery.35 However, because the increases in
MAP were counterbalanced in part by the simultaneous
increase in IAP, the abdominal perfusion pressure36 re-
mained fairly stable, e.g., MAP increased only by 5 mmHg
during the pressure step in IAP from 8 to 12 mmHg
(table 1). In addition, in view of a considerably broad
range of autoregulation of perfusion in the gut,37 it is
unlikely that changes in MAP in a range as observed in
our study can account for the alterations in �HbO2.

From a mechanistic point of view, the abdominal cav-
ity can be viewed as a single compartment of limited
space.38 Therefore, any increase in one of its compo-
nents amplifies mesenteric vascular resistance and may
thus decrease perfusion.29 This view is corroborated by
the study of Caldwell et al.9 The authors showed in a
canine model that the organ blood flow decreased sig-
nificantly during increased IAP for all intraabdominal
viscera except the renal cortex and the adrenal gland.
Moreover, the changes in regional perfusion could not
be predicted from systemic values, i.e., they were more
pronounced than could be derived from the alterations
in systemic hemodynamics alone. Therefore, the authors
suggested that systemic effects together with local con-
trol mechanisms might be responsible for the changes in
organ blood flow.9

Impairment of perfusion in splanchnic organs during
increased IAP has been reported in other studies—how-
ever, usually at higher levels than those applied in our
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patients.9,39,40 These discrepancies might be explained
by differences in the ventilatory regimen: ETCO2 or arte-
rial pH were not kept stable in these studies.9,39,40 We
hypothesize that the resultant hypercapnia might have
increased organ perfusion and thus outweighed the de-
pressant effect of moderately increased IAP. This view is
supported by findings of Akca et al.41 showing that
hypercapnia improves tissue oxygenation.

Microvascular oxygen saturation in gastric mucosa re-
covered to baseline values after release of increased IAP,
although minute ventilation remained increased almost
to the same extent as during the increase in IAP to
12 mmHg (approximately 40% compared with baseline;
table 2). Therefore, we suggest that the decrease in �HbO2

during increased IAP was mediated primarily by the in-
crease in IAP, whereas the increases in minute ventilation
after desufflation (control period) to maintain ETCO2

within the physiologic range did not affect �HbO2 to a
measurable extent. This view is supported by our finding
of increased peak and mean airway pressures during the
increase in IAP to 8 and 12 mmHg, respectively, whereas
both pressures returned to their respective baseline lev-
els after release of increased IAP (table 2).

Clinical Implications
The gut is exceptionally susceptible to hypoperfusion

and hence impaired oxygen supply during trauma and
stress,42–44 e.g., it is most sensitive to the increase in
IAP.45 The gut shows evidence of end-organ damage
during intraabdominal hypertension well before the ap-
pearance of any classic clinical signs, i.e., renal, pulmo-
nary, and cardiovascular symptoms.45,46 Therefore, early
recognition of compromised oxygen availability due to
increased IAP and on-time intervention are recom-
mended. This highlights the need for diagnostic tools to
reliably monitor splanchnic oxygenation in clinically sus-
ceptible patients. As shown in our study, reflectance
spectrophotometry meticulously measured �HbO2 dur-
ing the various stages of increased IAP. Because none of
our patients developed clinically significant signs of gas-
trointestinal complications in the postoperative period,
it seems unlikely that a short-term increase in IAP within
the pressure and time limits in our study is sufficient
to cause significant harm in patients with American
Society of Anesthesiologists physical status class I or
II. However, whether this also applies to prolonged
surgical procedures and especially to patients with
compromised cardiorespiratory function has yet to be
determined.

To conclude, we detected significant reductions in
�HbO2 at low levels of IAP despite unchanged systemic
oxygen saturation. These findings suggest that levels of IAP
applied on a routine basis during laparoscopic surgery
might actually compromise splanchnic oxygenation.
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