
Received: 5 April 2001
Accepted: 30 October 2001
Published online: 4 December 2001
© Springer-Verlag 2001

Abstract Objective: To investigate
the effects of prone positioning 
on systemic hemodynamics, intra-
abdominal pressure (IAP), plasma
disappearance rate of indocyanine
green (PDRICG), and gastric intramu-
cosal to arterial PCO2 difference 
(Pi-aCO2). Design and setting: Pro-
spective randomized study in the in-
tensive care unit of a university hos-
pital. Patients: 12 mechanically ven-
tilated, hemodynamically stable 
patients with acute lung injury.
Intervention: Positioning supine and
prone for 3 h in random order.
Measurements: Systemic hemody-
namics were determined by transpul-
monary double-indicator dilution
technique using an integrating fiber-
optic monitoring system. The same
monitoring system was used to mea-
sure PDRICG. IAP was measured in
the urinary bladder and gastric intra-
mucosal PCO2 was evaluated by au-
tomated recirculation gas tonometry.
Results: IAP increased from 10±3 in
the supine to 13±4 mmHg in the

prone position. Cardiac index in-
creased from 3.8±0.9 (supine) to
4.2±0.6 l/m2 per minute (prone),
mean arterial pressure from 75±10
(supine) to 81±11 mmHg (prone),
PaO2/FIO2 from 194±66 (supine) to
269±68 mmHg (prone), and oxygen
delivery from 558±122 (supine) to
620±74 ml/m2 per minute (prone).
No other parameters, including
PDRICG and Pi-aCO2, differed 
between the two positions.
Conclusions: Prone positioning in
mechanically ventilated patients with
acute lung injury, despite a small in-
crease in IAP, does not negatively af-
fect the hepatic capacity to eliminate
ICG and gastric intramucosal energy
balance when systemic blood flow
and oxygenation are improved.
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Introduction

Prone positioning is used increasingly to improve arterial
oxygenation in patients with acute lung injury (ALI)
when PaO2 remains unacceptably low despite ventilation
with high positive end-expiratory pressure (PEEP) and
inspired fraction of oxygen (FIO2) [1, 2, 3, 4]. Restric-
tion of abdominal movement during prone positioning
has been claimed to increase intra-abdominal pressure
(IAP), compress the inferior vena cava, and effect car-

diovascular instability [1]. We have previously demon-
strated that when patients with ALI are mechanically
ventilated in the prone position without efforts to relieve
abdominal compression, IAP increases, but systemic
blood flow and renal perfusion and function are not af-
fected [5]. Prone positioning has been shown to reduce
hepatic clearance of indocyanine green dye (ICG) in
anesthetized patients during major surgery [6], thus sug-
gesting that liver function would be impaired. This is of
concern because inadequate hepatosplanchnic perfusion
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is known to play a key role in the development and
maintenance of bacterial translocation and systemic in-
flammatory response syndrome and has been claimed
one of the main determinants of mortality in critically ill
patients [7, 8]. However, it is not known whether prone
positioning affects hepatosplanchnic function in patients
with ALI.

We examined whether there is any impairment in sys-
temic hemodynamics, hepatic capacity to eliminate ICG,
and gastric intramucosal energy metabolism during
prone positioning in critically ill patients with ALI when
no attempt apart from using an air-cushioned bed is
made to restrict or enhance the movement of the abdomi-
nal wall.

Materials and methods

Patients

After approval by the Bonn University Ethics Committee, in-
formed consent for entry into the study was obtained from the next
of kin in 12 mechanically ventilated patients with ALI. The crite-
ria of the American-European Consensus Conference were used to
define ALI [9]. Patients with unstable cardiovascular function re-
quiring inotropic support and those who had undergone liver
transplantation were excluded, as were patients with cerebral inju-
ry, unstable spinal fractures, and patients treated for peritonitis
with an open-abdomen technique. The Organ Failure Score [10],
the Simplified Acute Physiology Score [11], and the duration of
mechanical ventilation were recorded on inclusion in the study
(Table 1).

Routine clinical management of the patients included the use
of a central venous catheter and a thermistor-tipped fiberoptic ar-
terial catheter (Pulsiocath PV2024-4F, Pulsion Medical Systems,
Munich, Germany) advanced via the femoral artery into the aorta.

Measurements

Mean arterial pressure (MAP) and central venous pressure (CVP)
were transduced (Combitrans, Braun, Melsungen, Germany) and

recorded. For cardiovascular pressure measurements a horizontal
plane through the midaxillary line was taken as the zero reference
point in the supine and prone position and was adjusted after each
turning maneuver. Heart rate (HR) was obtained from the electro-
cardiogram. The transpulmonary double-indicator dilution method
was used to measure cardiac output and intrathoracic blood vol-
ume as described previously [12]. ICG 25 mg (Becton Dickinson,
Cockeysville, Md., USA) dissolved in 15 ml iced 5% dextrose so-
lution was used as double indicator and injected into the right atri-
um via the central venous line. Simultaneous dilution curves for
dye and temperature were recorded in the aorta with the thermis-
tor-tipped fiberoptic arterial catheter. Cardiac output was mea-
sured by the Stewart-Hamilton method, and the mean transit time
of the first pass of the thermal and dye (mttICG) indicator was de-
termined by computer (COLD-Z-021, Pulsion Medical Systems,
Munich, Germany). An average was calculated for three measure-
ments performed at random moments during the ventilatory cycle.

Arterial blood gases and pH were determined immediately af-
ter sampling in duplicate with standard blood gas electrodes (ABL
510, Radiometer, Copenhagen, Denmark). In each sample, hemo-
globin concentration and oxygen saturation were analyzed using
spectrophotometry (OSM 3, Radiometer). IAP was measured by
transducing and recording the urinary bladder pressure (Combi-
trans) during transient clamping of the Foley catheter, as described
previously [13]. The zero reference point for IAP measurements
was set at the pubis level and adjusted after each turning maneu-
ver.

The transpulmonary indicator dilution technique was used to
determine the plasma disappearance rate of ICG (PDRICG) [12].
PDRICG is derived from the half-life time of ICG and reflects the
percentage of the initial plasma dye level eliminated by the liver
[12]. The downslope of the dilution curve for ICG recorded in the
aorta with the thermistor-tipped fiberoptic arterial catheter was
used to calculate PDRICG by computer (COLD-Z-021). This fiber-
optic-based method for in vivo measuring ICG has been validated
previously against photometric in vitro analysis of ICG concentra-
tion [14].

Gastric intramucosal CO2 tension (PiCO2) was measured by
automated recirculation gas tonometry by a gastric tonometer
(TRIP NGS-catheter, Tonometrics, Helsinki, Finland) connected
to a capnometry monitor (Tonocap TC-200, Datex, Helsinki, 
Finland) [15]. The correct position of the gastric tube was con-
firmed by auscultation over the stomach while injecting air into
the tube or by aspiration of gastric contents from it. After a 
60- min equilibration period PiCO2 and PaCO2 were determined
simultaneously.
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Table 1 Demographic and
clinical characteristics 
(BMI body mass index,
ALI acute lung injury,
MV mechanical ventilation 
duration before the study,
SAPS Simplified Acute 
Physiology Score [11],
MOF Multiple Organ Failure
Score [10])

Patient no. Sex Age BMI Cause of ALI MV SAPS MOF Outcome
(years) (days)

1 F 72 25 Lung contusion 10 16 6 Survived
2 M 52 33 Vertebral fracture, 2 13 5 Survived

pneumonia
3 M 57 23 Pneumonia 14 13 4 Survived
4 F 75 27 Esophageal perforation 3 10 6 Survived
5 M 64 29 Abdominal surgery, 7 12 5 Survived

pneumonia
6 M 30 22 Acute pancreatitis 2 11 7 Survived
7 M 59 29 Lung contusion 3 9 6 Survived
8 F 17 29 Hemorrhagic shock 1 10 4 Survived
9 M 54 28 Acute pancreatitis 2 11 9 Survived

10 M 44 23 Lung resection, 3 11 5 Survived
pneumonia

11 M 72 26 Pneumonia 16 14 6 Survived
12 M 23 20 Lung contusion 1 10 7 Survived
Mean±SD 52±21 26±3.7 5±5 11.7±2.0 5.8±1.4



Standard formulas were used to calculate cardiac index (CI),
systemic vascular resistance index (SVRI), and oxygen delivery
index (DO2I). The intrathoracic blood volume index (ITBVI) 
was calculated as CI×mttICG [12], PDRICG as 100×ln2/t1/2(ICG)
[12], Pi-aCO2 difference as PiCO2–PaCO2 [16].

Protocol

The patients were placed on air cushion beds (MQ/VQ-TheraKair,
KCI, Höchstadt, Germany); a continuous infusion of sufentanil
and midazolam was adjusted to a Ramsay sedation score between
4 and 5 [17]. Adequate circulating blood volume was verified in
all patients by assuring an ITBVI greater than 800 ml/m2 prior to
the study. Fluid replacement and all drug infusions were main-
tained unchanged throughout the study. Enteral feeding was dis-
continued, and H2 blockade was induced with intravenous raniti-
dine 4 h prior to measurements. Pressure-limited, time-cycled me-
chanical ventilation was provided by a standard ventilator (SV
300, Siemens, Erlangen, Germany). Appropriate ventilatory set-
tings were determined by the physician responsible for the care of
the patient, and they were maintained unchanged throughout the
study. Patients were then placed, in random order, supine and
prone; each position was maintained for 180 min. A 60-min equil-
ibration period followed turning maneuvers before measurements.
Three sets of measurements performed at 60-min intervals were
averaged for each position. In the prone position the head was
turned laterally, and the arms were pronated and parallel to the
body. No efforts apart from using an air-cushioned bed were made
to alleviate the positional restriction of the abdomen or the thorax.

Statistical analysis

Results are expressed as mean ±standard deviation. Data were
evaluated for normal distribution by Shapiro-Wilk’s W test. The
data obtained at the three time points during the supine or prone
position were analyzed using one-way repeated-measures analysis
of variance. Comparisons between the supine and prone positions
were made using Student’s paired t test. Differences were consid-
ered statistically significant if p was less than 0.05.

Results

Patients were ventilated with a PEEP of 11–20 cmH2O
(15±2 cmH2O), an upper airway pressure limit of 23–
35 cmH2O (28±4 cmH2O), a ventilator rate of 12–25/min
(18±5/min), and an FIO2 of 0.4–0.8 (0.58±0.17). Result-
ing tidal volumes [supine: 363–741 ml (493±245 ml),
prone: 335–692 ml (472±208)] and minute ventilation
(supine: 7.0–13.6 l/min (8.9±2.0), prone: 6.7–13.1 l/min
(8.6±1.9 l/min) remained essentially unchanged between
positions (n.s.). Similarly, mean airway pressure did not
change between the supine (15–30 cmH2O; 24±4 cmH2O)
and prone position (15–30 cmH2O; 24±4 cmH2O) (n.s.).

The IAP increased to 13±4 mmHg in the prone posi-
tion, compared to 10±3 mmHg in the supine position
(p<0.05).

Changes in cardiovascular and gas exchange variables
are shown in Table 2. During the prone position CI and
MAP increased (p<0.05), while HR, CVP, SVRI, and IT-
BVI remained unchanged (n.s.). Prone position resulted

in an increased PaO2/FIO2 and higher DO2I (p<0.05).
Hemoglobin concentration, hematocrit, PaCO2, and pH
did not change between interventions (n.s.).

Hepatic function prior to the study was determined as
part of the MOF-score classification system, where 0
points signified normal function, 1 point moderate dys-
function and 2 points severe dysfunction. Accordingly
eight patients had normal hepatic function, four patients
moderate hepatic dysfunction, and no patient severe he-
patic dysfunction averaging 0.33±0.49 points. Individual
changes in PDRICG, and Pi-aCO2-difference are shown in
Figs. 1 and 2. Neither the PDRICG (18.1±6.3% supine
versus 19.2±6,4% prone), nor Pi-aCO2-difference
(10.9±15.1 mmHg supine versus 10.9±11.2 mmHg
prone) were significantly altered by positioning. Repeti-
tion of measurements within a given position did not
produce statistically significant changes in any variable. 
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Table 2 Cardiovascular and gas-exchange variables (HR heart
rate, CI cardiac index, MAP mean arterial pressure, CVP central
venous pressure, SVRI systemic vascular resistance index,
ITBVI intrathoracic blood volume index, DO2I oxygen delivery in-
dex)

Supine positiona Prone positiona

HR (beats min–1) 78±16 82±16
CI (l m–2 min–1) 3.8±0.9 4.2±0.6*
ITBVI (ml m–2) 1008±187 1036±180
MAP (mmHg) 75±10 81±11*
CVP (mmHg) 16±5 15±5
SVRI (dyne s–1 cm–5 m–2) 1308±363 1273±254
PaO2/FIO2 (mmHg) 194±66 269±68*
PaCO2 (mmHg) 45±6 47±6
DO2I (ml m–2 min–1) 558±122 620±74*
Hemoglobin (g l–1) 109±9 110±9
pHa 7.42±0.05 7.40±0.07

*p<0.05 vs. supine position, t test for dependent samples
a Tested on a randomized basis

Fig. 1 Individual changes in the plasma disappearance rate of in-
docyanine green dye (PDRICG) between the supine and the prone
position tested on a randomized basis. Each symbol represents one
patient



Discussion

This study was designed to evaluate the effects of the
prone position on cardiopulmonary and hepatosplanchnic
function in patients with ALI. As changing volume load
and inotropic support during the study period may have
had confounding effects on systemic and regional blood
flow, only hemodynamically stable patients being ade-
quately resuscitated without any need for inotropic sup-
port were included in the study. When no effort apart from
using an air-cushioned bed was made to minimize restric-
tion of the abdomen or the thorax, prone positioning im-
proved oxygen delivery by increasing both cardiac output
and PaO2. A small increase in IAP during prone position
had no adverse effect on hepatosplanchnic function.

Arterial hypoxemia caused by venous admixture dur-
ing ALI is directly correlated with the quantity of non-
aerated tissue observed by computer tomography in de-
pendent lung regions adjacent to the diaphragm [18].
Turning prone has been shown to increase the amount of
aerated lung tissue, decrease venous admixture, and im-
prove arterial blood oxygenation significantly in most
patients with ALI [1, 2, 3, 4]. Pelosi and coworkers [4]
recently observed that improvement in PaO2 during
prone positioning is correlated with a decrease in thora-
coabdominal compliance. Similarly, in mechanically
ventilated anesthetized pigs an increase in IAP during
the prone position was associated with further improve-
ment in PaO2 [19]. These data support the contention
that when turning patients with ALI prone, one should
not attempt to minimize the restriction of the abdomen if
a gain in arterial blood oxygenation is desired. The im-
provement in arterial blood oxygenation during prone
positioning in our patients is in agreement with these da-
ta. However, patients with ALI rarely die of hypoxia
and/or hypercarbia but commonly develop systemic in-
flammatory response syndrome with cardiocirculatory
instability and impaired organ perfusion culminating in

multiple organ dysfunction and death [20]. Hence im-
provement in oxygenation may not be desirable if it
comes at the price of reduced regional blood flow to an
essential organ.

When anesthetized patients are turned prone without an
attempt to minimize abdominal compression, venous re-
turn and cardiac output decrease, presumably because IAP
increases [21, 22, 23]. Apart from using an air-cushioned
bed we made no effort to minimize restriction of the ab-
dominal excursion during prone positioning. Unexpected-
ly, we observed only a moderate increase in IAP, from 10
to 13 mmHg. Results of previous studies suggest that free
expansion of the abdominal wall is essential during prone
position to avoid side effects caused by a marked increase
in IAP [1, 2, 3, 4]. However, IAP appears to vary even in
the supine position between patient groups; reports range
from 6 mmHg in patients with acute respiratory distress
syndrome of pulmonary cause to 16 mmHg in patients
with the syndrome from extrapulmonary causes [24]. Ex-
perimental data suggest that if IAP is elevated from the
usual ambient or subatmospheric level in spontaneously
breathing subjects [13], hepatosplanchnic perfusion does
fall [25, 26]. Therefore previously published data indicate
that prone positioning may compromise systemic and re-
gional blood flow and thereby promote hepatosplanchnic
organ dysfunction in critically ill patients even if arterial
blood oxygenation improves.

Consistent with our previous findings [5], turning
prone effected an increase in CI in our patients, even
though ITBVI and CVP, which we used as surrogates for
preload, remained unchanged. Consequently, prone posi-
tioning improved oxygen delivery by effecting increases
in both cardiac output and oxygen content. Our observa-
tions contradict the findings of decreased venous return
[21, 22] and cardiac output [23] in patients under general
anesthesia during prone positioning but are supported by
data from small, nonrandomized studies performed in in-
tensive care patients in whom global cardiac output was
not negatively affected by prone positioning regardless of
whether abdominal wall movement was restricted [27, 28]
or not [3]. The most likely explanation for the differences
between our study in critically ill patients and previous in-
vestigations in patients under general anesthesia is intra-
vascular volume. Elevated IAP is most likely to effect al-
terations in venous return and cardiac output when intra-
vascular volume is low [29], as is often the case in pa-
tients coming to surgery after an overnight fast and possi-
ble bowel preparation. However, this role of intravascular
volume cannot be verified because available perioperative
studies do not report whether participating patients were
sufficiently volume-resuscitated prior to positioning.

Hepatosplanchic perfusion and function can be mea-
sured using ICG, a substance which is eliminated nearly
unaltered by the liver into the bile [12]. We used a fiber-
optic-based method for measuring ICG blood concentra-
tions. This technique has been validated against photo-
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Fig. 2 Individual changes in the Pi-aCO2-difference (Pi-aCO2)
between the supine and the prone position tested on a randomized
basis. Each symbol represents one patient



metric determination of ICG blood levels [14] and
shown useful in the bedside assessment of hepatic capac-
ity to eliminate ICG in critically ill patients [30, 31].
During liver transplantation PDRICG has been demon-
strated reliably to detect rapid variations in liver function
caused by sudden changes in the hepatosplanchnic blood
flow [12]. Since hepatic perfusion must be at least as
high as the ICG clearance, PDRICG is related to the mini-
mum of real hepatic blood flow. However, as PDRICG is,
in addition to liver perfusion, also influenced by hepato-
cellular indocyanine green uptake [12, 32], measuring
hepatic blood flow exactly requires hepatic vein cathe-
terization and determination of hepatic ICG extraction
[32]. Although none of our patients suffered from severe
hepatic dysfunction prior to the study as indicated by the
MOF score a significant change in hepatocellular uptake
of ICG dye during the relatively short duration of our
study cannot completely be ruled out. Thus it is one of
the main limitations of our study that PDRICG, although
being closely related to, does not solely reflect hepatic
blood flow.

In our patients prone positioning was not associated
with a change in PDRICG despite moderately elevated
IAP. In anesthetized patients the prone position has been
observed to impair hepatic ICG clearance; these changes
have been attributed to a decrease in cardiac output [6].
Several experimental and clinical studies have revealed a
close correlation between total hepatic blood flow and
cardiac output [33]. It is possible that the unchanged
PDRICG in the current study is a result of a direct depres-
sion of hepatic perfusion by a moderately elevated IAP
offset by the small increase in systemic blood flow.
Hence fractional hepatic blood flow, the ratio of hepatic
blood flow to systemic blood flow, might have decreased
during the prone position. Therefore maintaining ade-
quate systemic blood flow is important to keep hepatic

blood flow constant during prone positioning, even if the
increase in IAP is small.

A gastric intramucosal to arterial PCO2 difference has
been proposed as a reliable measure of gastric mucosal
perfusion in critically ill patients [16, 30, 34]. Prone po-
sitioning in our patients consistently was not associated
with a change in the Pi-aCO2 difference. This finding is
supported by preliminary data in healthy volunteers in
whom prone position did not affect Pi-aCO2 difference
[35]. Furthermore, this finding is in agreement with the
PDRICG data. Apparently, prone positioning is not likely
to affect hepatosplanchnic function as long as systemic
cardiovascular function remains stable in patients with
moderately elevated IAP. Thus based on our data we
cannot rule out that prone positioning worsens hepato-
splanchnic function in patients with preexisting abdomi-
nal hypertension or cardiovascular instability.

The results of this study demonstrate that resting pa-
tients with ALI on their thoraces and abdomens during
prone positioning, although associated with a moderate
increase in IAP, improves arterial oxygenation and sys-
temic blood flow. Despite fractional hepatosplanchnic
blood flow may decrease hepatosplanchic function is not
likely to be affected when systemic blood flow improves
during prone positioning. Therefore, apart from using an
air-cushioned bed, special support to allow free chest
and abdominal movement does not seem necessary when
mechanically ventilated, adequately volume-resuscitated
patients are turned prone to improve gas exchange. It
should be noted, however, that these conclusions may
not be applicable to patients with cardiovascular instabil-
ity or severe abdominal hypertension.

Acknowledgements We thank the nursing staff of the ICU for
their active participation in this study, and Jukka Räsänen, M.D.,
Department of Anesthesiology, Mayo Clinic, Rochester, Minneso-
ta, for careful critique of the manuscript.

57

References

1. Douglas WW, Rehder K, Froukje MB,
Sessler AD, Marsh HM (1974) 
Improved oxygenation in patients with
acute respiratory distress syndrome.
Am Rev Respir Dis 115:559–566

2. Pappert D, Rossaint R, Slama K, 
Grüning T, Falke KJ (1994) Influence
of positioning on ventilation-perfusion
relationships in severe adult 
respiratory distress syndrome. Chest
106:1511–1516

3. Chatte G, Sab JM, Dubois JM, Sirodot
M, Gaussorgues P, Robert D (1997)
Prone position in mechanically venti-
lated patients with severe acute respira-
tory failure. Am J Respir Crit Care
Med 155:473–478

4. Pelosi P, Tubiolo D, Mascheroni D, 
Vicardi P, Crotti S, Valenza F, Gattinoni
L (1998) Effects of the prone position
on respiratory mechanics and gas ex-
change during acute lung injury. Am J
Respir Crit Care Med 157:387–393

5. Hering R, Wrigge H, Vorwerk R, 
Brensing KA, Zinserling J, Schröder S,
Hoeft A, vSpiegel T, Putensen C (2001)
Effects of prone positioning on intra-
abdominal pressure, cardiovascular and
renal function in patients with acute lung
injury. Anesth Analg 92:1226–1231

6. Aono J, Ueda W, Manabe M, Hirakawa
M (1993) Effect of the prone position
on ICG excretion during normotensive
or hypotensive isoflurane anesthesia.
Masui 42:12–15

7. Carrico CJ, Meakins JL, Marshall JC,
Fry D, Maier RV (1986) Multiple-
organ-failure syndrome. Arch Surg
121:196–208

8. Matuschak GM, Rinaldo JE (1988) 
Organ system interactions in the adult
respiratory distress syndrome during
gram negative sepsis: role of the 
liver in systemic host defense. Chest
94:400–406



9. Bernard GR, Artigas A, Brigham KL,
Carlet J, Falke K, Hudson L, Lamy M,
LeGall JR, Morris A, Spragg, and the
Consensus Committee (1994) Report
of the American-European consensus
conference on ARDS: definitions,
mechanisms, relevant outcomes and
clinical trial coordination. Intensive
Care Med 20:225–232

10. Goris RJA, teBoekhorst TPA, Nuytinck
JKS, Gimbere JKS (1986) Multiple 
organ failure. Generalized autodestruc-
tive inflammation? Arch Surg
120:1109–1115

11. Le Gall JR, Loirat P, Alperovitch A,
Glaser P, Granthil C, Mathieu D, 
Mercier P, Thomas R (1984) A simpli-
fied acute physiology score for ICU
patients. Crit Care Med 12:975–977

12. Hoeft A (1995) Transpulmonary 
indicator dilution: an alternative ap-
proach for hemodynamic monitoring.
In Vincent JL (ed) Yearbook of inten-
sive care and emergency medicine.
Springer, Berlin Heidelberg New York,
pp 593–605

13. Iberti TJ, Lieber CE, Benjamin E
(1989) Determination of intra-abdomi-
nal pressure using a transurethral blad-
der catheter: clinical validation of the
technique. Anesthesiology 70:47–50

14. Scholz M, Wietasch G, Cuhls H, 
Giannaris S, Hoeft A (1999) Bedside
assessment of liver function by in vivo
measurement of indocyanine green
plasma disappearance rate (ICG-PDR).
Anesthesiology 91:A515

15. Temmesfeld-Wollbruck B, Szalay A,
Olschewski H, Grimminger F, Seeger
W (1997) Advantage of buffered solu-
tions or automated capnometry in air-
filled balloons for use in gastric tonom-
etry. Intensive Care Med 23:423–427

16. Brinkmann A, Calzia E, Träger K, 
Radermacher P (1998) Monitoring of
the hepato-splanchnic region in the
critically ill patient. Measurement 
techniques and clinical relevance. 
Intensive Care Med 24:542–556

17. Ramsay MAE, Savege TM, Simpson
BRJ, Goodwin R (1974) Controlled se-
dation with alphaxalone-alphadolone.
BMJ 22:656–659

18. Gattinoni L, Mascheroni D, Torresin A,
Marcolin R, Fumagalli R, Vesconi S,
Rossi GP, Rossi F, Baglioni S, Bassi F,
Nastri G, Pesenti A (1986) Morpholog-
ical response to positive end expiratory
pressure in acute respiratory failure.
Computerized tomography study. 
Intensive Care Med 12:137–142

19. Mure M, Glenny RW, Domino KB,
Hlastala MP (1998) Pulmonary gas 
exchange in the prone position with 
abdominal distension. Am J Respir Crit
Care Med 157:1785–1790

20. Gillespie DJ, Marsh HM, Divertie MB,
Meadows JA (1986) Clinical outcome
of respiratory failure in patients requir-
ing prolonged (greater than 24 hours)
mechanical ventilation. Chest
90:364–369

21. Toyota S, Amaki Y (1998) Hemody-
namic evaluation of the prone position
by transesophageal echocardiography. 
J Clin Anesth 10:32–35

22. Soliman DE, Maslow AD, Bokesch
PM, Strafford M, Karlin L, Rhodes J,
Marx GR (1998) Transoesophageal
echocardiography during scoliosis re-
pair: comparison with CVP monitor-
ing. Can J Anaesth 45:925–932

23. Backofen JE, Schauble JF (1995) 
Hemodynamic changes with prone po-
sitioning during general anesthesia.
Anesth Analg 64:194

24. Gattinoni L, Pelosi P, Suter PM, Pedoto
A, Vercesi P, Lissoni A (1998) Acute
respiratory distress syndrome caused
by pulmonary and extrapulmonary 
disease. Different syndromes? 
Am J Respir Crit Care Med 158:3–11

25. Diebel LN, Wilson RF, Dulchavsky
SA, Saxe J (1992) Effect of increased
intra-abdominal pressure on hepatic ar-
terial, portal venous, and hepatic mi-
crocirculatory blood flow. J Trauma
33:279–283

26. Eleftheriadis E, Kotzampassi K, 
Papanotas k, Heliadis N, Sarris K
(1996) Gut ischemia, oxidative stress,
and bacterial translocation in elevated
abdominal pressure in rats. World J
Surg 20:11–16

27. Blanch L, Mancebo J, Perez M, 
Martinez M, Mas A, Betbese AJ, 
Joseph D, Ballús J, Lucangelo U, Bak
E (1997) Short-term effects of prone
position in critically ill patients with
acute respiratory distress syndrome. 
Intensive Care Med 23:1033–1039

28. Jolliet P, Bulpa P, Chevrolet JC (1998)
Effects of the prone position on gas 
exchange and hemodynamics in severe
acute respiratory distress syndrome.
Crit Care Med 26:1977–1985

29. Ridings PC, Bloomfield GL, Blocher
CR, Sugerman HJ (1995) Cardiopul-
monary effects of raised intra-abdomi-
nal pressure before and after volume
expansion. J Trauma 39:1071–1075

30. Joly LM, Monchi M, Cariou A, Chiche
JD, Bellenfant F, Brunet F, Dhainaut JF
(1999) Effects of dobutamine on gas-
tric mucosal perfusion and hepatic me-
tabolism in patients with septic shock.
Am J Respir Crit Care Med
160:1983–1986

31. Eichelbrönner O, Reinelt H, Wiedeck
H, Mezödy M, Rossaint R, Georgieff
M, Radermacher P (1996) Aerosolized
prostacyclin and inhaled nitric oxide in
septic shock – different effects on
splanchnic oxygenation? Intensive
Care Med 22:880–887

32. Uusaro A, Ruokonen E, Takala J
(1995) Estimation of splanchnic blood
flow by the Fick principle in man and
problems in the use of indocyanine
green. Cardiovasc Res 30:106–112

33. De Backer D (2000) The effects of
positive end-expiratory pressure on the
splanchnic circulation. Intensive Care
Med 26:361–363

34. Schlichtig R, Mehta N, Gayowski TPJ
(1996) Tissue-arterial PCO2 difference
is a better marker of ischemia than in-
tramural pH (pHi) or arterial pH-pHi
difference. J Crit Care 11:516–521

35. Dostal P, Parizkova R, Cerny V (1999)
Impact of prone position on automated
air gastric tonometry measurements.
Intensive Care Med 25:S70

58


