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Abstract
Background:Pneumoperitoneum (PP) for laparoscopic sur-
gery induces prompt changes in circulatory parameters. The
rapid onset of these changes suggests a reflex origin, and the
present study was undertaken to evaluate whether release of
vasopressor substances could be responsible for these alter-
ations. The influence of two different anesthesia techniques
was also evaluated.
Methods: American Society of Anesthesiologists (ASA)
class I patients, scheduled for laparoscopic cholecystecto-
my, were investigated. The first group (n 4 10) was anes-
thetized intravenously. The second group (n 4 6) had in-
halation anesthesia. Plasma vasopressin, catecholamines,
and plasma renin activity were investigated as neurohu-
moral vasopressor markers of circulatory stress. The general
stress response to surgery was assessed by analysis of
plasma cortisol.
Results:Induction of pneumoperitoneum caused no appar-
ent activation of vasopressor substances, although several
hemodynamic parameters responded promptly.
Conclusion:The hemodynamic alterations, seen at the es-
tablishment of PP during stable anesthesia, cannot be ex-
plained by elevation of vasopressor substances in circulat-
ing blood.
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Surgical trauma activates a stress response comprising neu-
rohumoral, immunologic and metabolic factors. It has pre-
viously been demonstrated that the magnitude of the stress
response is proportional to the degree of trauma [3]. It also
has been shown that the anesthetic technique is of impor-

tance for the extent of trauma response [14]. Concerning
laparoscopic surgery, it has been believed generally that
trauma responses should be less accented than with open
surgery, but this has not been verified [16, 18, 27].

In a previous study of propofol-fentanyl anesthetized
patients, we demonstrated that abdominal insufflation of
carbon dioxide for laparoscopic cholecystectomy gives rise
to an almost instantaneous increase in blood pressure and
systemic vascular resistance as well as to an increase in
myocardial filling pressures [22]. This also has been shown
by others [13, 21]. The rapid circulatory response to in-
creased intra-abdominal pressure (IAP) at abdominal carbon
dioxide insufflation, or so-called pneumoperitoneum (PP),
indicated it to be of reflex origin. It has been suggested that
this could be due to neurohumoral factors such as vasopres-
sin, renin, and catecholamines [12]. The important vaso-
pressor response mechanisms to trauma are in fact induced
by the sympathetic nervous system, the renin–angiotensin
system, and vasopressin stimulation [33]. These systems are
also highly interactive [31].

The aim of this study was to investigate whether hemo-
dynamic changes on induction of pneumoperitoneum under
stable propofol-fentanyl anesthesia could be attributed to
the release of vasopressor substances. To elucidate the in-
fluence of various anesthetic techniques, the neurohumoral
responses on induction of pneumoperitoneum were studied
in an additional group of patients anesthetized with isoflu-
rane-N2O. Invasive hemodynamic measurements were per-
formed only in the propofol-fentanyl group.

Materials and methods

Patients

Patients scheduled to undergo laparoscopic cholecystectomy for gallstone
disease were investigated after their informed consent was obtained. First,
a group of 10 patients who had intravenous (IV) anesthesia were investi-Correspondence to:S. Odeberg
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gated, including central hemodynamic monitoring (IV group). To investi-
gate whether various anesthesia types influenced the neurohumoral re-
sponse differently, a second study was performed in patients who had
inhalational anesthesia (inhal group). These patients were not invasively
studied. The IV group consisted of three males and seven females, with a
mean age of 39 years (range, 18–53 years) and a mean body weight of 71
kg (range, 48–90 kg). The inhal group consisted of six females, with a
mean age of 41 years (range, 20–64 years) and a mean body weight of 58
kg (range, 53–65 kg). All patients were without signs of cardiopulmonary
disease (ASA group I) and without endocrine or metabolic disease. The
protocol was approved by the Ethical Committee for Human Studies at the
Karolinska Hospital.

Anesthesia and protocol

All patients were premedicated with cetobemidone 5–10 mg.

The intravenous anesthesia group (IV group).After the IV administration
of 0.2 mg of glycopyrrolate, the anesthesia was induced with propofol 2–3
mg/kg bodyweight (BW), fentanyl 1.5–2.5mg/kg BW, and atracurium 0.5
mg/kg BW and maintained with propofol 4–8 mg × kg BW−1 × h−1,
fentanyl 1.5–3mg × kg BW−1 × h−1, and atracurium 0.2–0.4 mg × kg BW−1

× h−1. The patients were mechanically ventilated with a mixture of oxygen
and air having a fraction of inspired oxygen (FiO2) of 0.35–0.40 by a
ventilator (MCM 590, Dameca, Copenhagen, Denmark). After anesthesia
induction, a radial arterial cannula (art. no. 4440-4, Viggo Spectramed,
Swindon, UK) was inserted and used for mean arterial pressure (MAP)
monitoring and for arterial blood sampling of catecholamines during sur-
gery. A Swan-Ganz thermodilution catheter (AH-05050-H, Arrow Int. Inc.,
Reading, Pennsylvania, USA) was introduced by pressure tracing. At blood
sampling times, MAP, central venous pressure (CVP) and pulmonary cap-
illary wedge pressure (PCWP) were recorded by a Hellige pressure record-
ing device (cat. no. 120 214 29, Hellige GMBH, Freiburg, Germany), and
cardiac output (CO) was determined by a Hewlett-Packard cardiac output
computer (model 9520 A, American Edwards Laboratories, Irvine, CA,
USA) as the mean of triplicates of 10-ml saline injectates. The heart rate
(HR), FiO2, endtidal carbon dioxide concentration (ETCO2), and percuta-
neous oxygen saturation (SpO2) were recorded by a Datex Ultima moni-
toring device (type ULT-S-23-01, Datex Instrumentarium Corp., Copen-
hagen, Denmark). The PaCO2 also was measured by means of repeated
arterial blood gas samples throughout the procedure.

Venous blood samples for analysis of cortisol, adrenaline, noradrena-
line, and vasopressin were collected on five occasions: (1) at approximately
6:45 a.m. with the patients resting in bed at the surgical ward before
premedication, (2) 5 min after the termination of carbon dioxide insuffla-
tion at the intended IAP level (11–13 mmHg), (3) after 1 h of surgery with
the patients in a 15–20° head-up tilt, (4) after 2 h of surgery in the same
position, and (5) at the postoperative unit 30 min after extubation. Plasma
renin activity (PRA) was determined at occasions 1–3 and 5. The arterial
and pulmonary artery catheters were removed before the patients were
awakened. Arterial samples for analysis of adrenaline and noradrenaline
were therefore collected at occasions 2–4. Three patients required less than
2 h of surgery. Consequently, the results from seven patients were evalu-
ated at occasion 4. The urine excretion of adrenaline and noradrenaline was
measured during 24 h, beginning at 7:00 a.m. on the day of surgery.

The inhalational anesthesia group (inhal group).The patients were given
glycopyrrolate as in the IV group. The anesthesia was then induced by
sodium pentothal 5–7 mg/kg BW. Fentanyl 0.1 mg and atracurium 0.5
mg/kg BW were given before intubation of the trachea. The anesthesia was
then maintained by isoflurane 1–1.5% in a mixture of O2/N2O 35–40% and
60–65%, respectively, and the patients were mechanically ventilated as in
the IV group.

Venous blood samples for analysis of cortisol, adrenaline, and vaso-
pressin were collected (1) at approximately 6:45 a.m. with the patients
resting in bed at the surgical ward before premedication, (2) 5 min after the
termination of carbon dioxide insufflation at the intended IAP level (11–13
mmHg), (3) after 1 h of surgery with the patients in a 15–20° head-up tilt,
(4) at the postoperative unit approximately 30 min after extubation. Nor-
adrenaline and PRA also were measured after induction of anesthesia.

Systolic blood pressure (SAP) was determined by a sphygmomanometer in
conjunction with the blood sampling occasions. As in the IV group, HR,
FiO2, ETCO2 and SpO2 were recorded. No measurements were made at 2
h of surgery due to shorter operating time in this group.

In both groups, owing to resorption of carbon dioxide during the lap-
aroscopic procedure, repeated adjustments of the minute ventilation were
made to keep ETCO2 within normal limits. During the investigation, a
crystalloid solution was given at a rate of 2 ml × kg−1 × h−1 (Rehydrext
with Glucose 25 mg/ml, Kabi-Pharmacia, Sweden).

Surgery

Cholecystectomy was performed using four trocars: two 10-mm trocars
placed midline and two 5-mm trocars placed laterally (Surgiport 171028
and 171016, respectively, Autosuture, U.S. Surgical Corp., Norwalk, Con-
necticut, USA). Carbon dioxide (AGA Gas Corp., Stockholm, Sweden)
was insufflated into the peritoneal cavity by an electronic laparoflator
(model no. 3500, Wiest, Unterhaching, Germany). The surgical field was
visualized by a cold-light fountain (type 450 BV, Karl Storz Endoskope,
Tuttlingen, Germany), by a video camera (Storz Autoexposure Camera,
model no. 9050 PB, Karl Storz Endoskope, Tuttlingen, Germany), and by
a color video monitor (model no. PVM-2043 MD, Sony, Japan). The cystic
duct and artery were ligated using metal clips (Endoclip 176615, Autosu-
ture, U.S. Surgical Corp., Norwalk, Connecticut, USA), and the gallbladder
was dissected from bottom to top using diathermia. The IAP was continu-
ously monitored and kept at a level of 11–13 mmHg. The postoperative
course was without complications, and all patients were discharged within
3 postoperative days.

Sampling and analysis

At each sampling time approximately 20 ml of blood was collected.
Samples were collected in heparinized tubes (143 U/10 ml) for determi-
nation of cortisol, catecholamines, and vasopressin, and in tubes primed
with EDTA (K3 15% 0.054 ml, 0.34 M/10 ml) for measurement of plasma
renin activity. Samples were immediately placed on ice, centrifuged for 10
min at 4°C, 3,000 rpm, and the aliquots were stored at −20° until batch
analysis. Cortisol, vasopressin, and plasma renin activity were analyzed
using commercial radioimmunoassay kits (Wallac Oy, Turku, Finland;
Euro-Diagnostics BV, Malmo¨, Sweden; and Du Pont Company, Billerica,
Mass., USA, respectively). Catecholamines were determined using HPLC
and electrochemical detection [8]. The intra-assay coefficients of variation
were 0.04 for noradrenaline and 0.06 for adrenaline.

Statistics

Data are presented as means ±SD. Statistical analysis was performed by
nonparametric analysis of variance (Friedmans test). Wilcoxon’s rank sum
test was used as post hoc test. Significant differences are given at the 5%
level.

Results

In both patient groups, the blood pressure was significantly
elevated during pneumoperitoneum and surgery compared
with baseline values (Tables 1 and 2). After the establish-
ment of pneumoperitoneum, MAP increased by 37 ± 25%
(p < 0.01) in the IV group. The online registration of blood
pressure available in this group showed an increase of the
MAP already during the insufflation of carbon dioxide. In
the inhal group, SAP was increased by 22 ± 15% (p < 0.01).
Heart rate was not significantly affected (Tables 1 and 2). In
the IV group (Table 1) the systemic vascular resistance
(SVR) increased by 40 ± 36% (p < 0.01) at the establish-
ment of pneumoperitoneum, and CVP and PCWP were in-
creased by 65 ± 48% (p < 0.01) and 32 ± 29% (p < 0.01),
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respectively (Table 1). CO was 3.5 ± 0.9 l/min during stable
anesthesia and was not significantly affected throughout the
investigation (data not shown). The average operating time
was 114 min (range, 60–165 min) in the IV group and 75
min (range, 60–115 min) in the inhal group.

Plasma catecholamines

In both the IV and inhal groups the levels of adrenaline and
noradrenaline were generally low (Figs. 1 and 2, see Tables
1 and 2). In the IV group, noradrenaline levels were de-
creased after pneumoperitoneum induction compared with
those in the awake state. Otherwise, noradrenaline was un-
affected. In the inhal group after the induction of pneumo-
peritoneum, noradrenaline level was unaffected compared
with that in the awake state, whereas compared with nor-
adrenaline level in the anesthetized state, small but signifi-
cant elevations of noradrenaline occurred after induction of
pneumoperitoneum (from 0.6 ± 0.2 to 1.4 ± 0.5 nmol/l), at
1 h of pneumoperitoneum, and postoperatively (p < 0.05).
Adrenaline levels were not affected by pneumoperitoneum
establishment in either group (see Tables 1 and 2). At 1 h of
pneumoperitoneum and postoperatively, adrenaline level
was elevated compared with that in the awake state and the
anesthetized state in the inhal group (p < 0.05). Arterial

levels of adrenaline and noradrenaline, which were analyzed
during pneumoperitoneum and surgery in the IV group,
were also low and unaffected with the exception of a small
increase of adrenaline levels at 2 h of pneumoperitoneum
(see Table 1).

Urine catecholamines

The excretion during 24 h of noradrenaline and adrenaline,
which was measured in the IV group, was within the normal
range for healthy controls pursuing normal daily activity:
average 226 nmol for noradrenaline and 69 nmol for adrena-
line.

Vasopressin

In the IV group, there was a small elevation of vasopressin
at pneumoperitoneum establishment (from 1.57 ± 0.73 to
2.19 ± 1.55 pmol/l,p < 0.05) (see Table 1 and Fig. 1).
During surgery, vasopressin levels rose successively, being
markedly elevated, compared with the baseline level, at 1 h
of surgery and at 2 h of surgery (p < 0.01). Postoperatively,
the values were again diminished. In the inhal group, the
vasopressin levels remained low and unaffected during sur-
gery, but instead were markedly elevated postoperatively (p
< 0.05) (see Table 2 and Fig. 2).

Table 1.Hormones and hemodynamic data from the intravenous groupa

Awake Anesth PP 1h PP 2h PP Postop

Vasopressin (pmol/l) 1.6 ± 0.7 — 2.2 ± 1.6b 21.5 ± 19.0b 45.6 ± 39.0b 4.7 ± 3.3b

PRA (ng/ml × h) 3.0 ± 3.2 — 6.6 ± 12.2 6.7 ± 7.9b — 2.8 ± 4.7
V-noradrenaline (nmol/l) 1.4 ± 0.6 — 0.6 ± 0.3b 1.0 ± 0.5 1.1 ± 0.7 2.8 ± 3.5
V-adrenaline (nmol/l) 0.2 ± 0.1 — 0.2 ± 0.1 0.2 ± 0.2 0.2 ± 0.2 0.2 ± 0.1
A-noradrenaline (nmol/l) — — 0.6 ± 0.4 1.1 ± 0.8 1.0 ± 1.0 —
A-adrenaline (nmol/l) — — 0.1 ± 0.0 0.2 ± 0.1 0.4 ± 0.3b —
Cortisol (nmol/l) 455 ± 144 — 84 ± 43b 249 ± 179b 502 ± 242 458 ± 224

HR (beats/min) 81 ± 10 76 ± 11 62 ± 8 71 ± 12 69 ± 14 70 ± 9
MAP (mmHg) 87 ± 8 63 ± 8 86 ± 10b 90 ± 15b 84 ± 17b —
SVR (units) — 1392 ± 520 1854 ± 471b 1981 ± 461b 1753 ± 421 —
CVP (mmHg) — 7 ± 3 11 ± 3b 6 ± 3 7 ± 2 —
PCWP (mmHg) — 11 ± 3 14 ± 3b 10 ± 5 10 ± 4 —

aData from 10 patients anesthetized by propofol-fentanyl prior to and after establishment of pneumoperitoneum for laparoscopic cholecystectomy
bLevel significantly different from that in the awake state (p < 0.05)
MAP 4 mean arterial pressure, SVR4 systemic vascular resistance, CVP4 central venous pressure, PCWP4 pulmonary capillary wedge pressure

Table 2.Hormones and hemodynamic data from the inhalation anesthesia groupa

Awake Anesth PP 1h PP Postop

Vasopressin (pmol/l) 1.4 ± 0.6 — 1.1 ± 0.1 5.4 ± 10.6 35.6 ± 31.5b

PRA (ng/mL × h) 1.5 ± 0.8 4.9 ± 3.6b 7.6 ± 2.9b,c 12.4 ± 5.6b,c 5.3 ± 3.1b

V-noradrenaline (nmol/l) 1.4 ± 0.7 0.6 ± 0.2 1.4 ± 0.5c 1.4 ± 0.6c 2.6 ± 1.8c

V-adrenaline (nmol/l) 0.2 ± 0.1 0.2 ± 0.1 0.3 ± 0.2 0.4 ± 0.2b,c 1.0 ± 0.6b,c

Cortisol (nmol/l) 509 ± 164 206 ± 92b 172 ± 65b,c 230 ± 195b 680 ± 183c

HR (beats/min) 81 ± 10 75 ± 5 77 ± 4 78 ± 10 77 ± 17
SAP (mmHg) 127 ± 13 90 ± 5 105 ± 6b 102 ± 7b 113 ± 15b

aData from six patients undergoing inhalation anesthesia prior to and after establishment of pneumoperitoneum for laparoscopic cholecystectomy
bLevel is significantly different from that in the awake state (p < 0.05)
cLevel is significantly different from that during anesthesia (p < 0.05)
SAP 4 systolic arterial pressure
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Renin activity

In the IV group, PRA was not affected by pneumoperito-
neum establishment, but was elevated at 1 h of surgery (p <
0.05) and postoperatively returned to the baseline level (see
Table 1 and Fig. 1). In the inhal group, PRA levels rose
successively during the procedure and were higher at all
measurement occasions compared with those of the awake
state (p < 0.05). After pneumoperitoneum induction and
during surgery, there was also a minor but reproducible
elevation compared with PRA levels of the anesthetized
state (p < 0.05) (see Table 2 and Fig. 2).

Cortisol

In both groups, the preoperative early morning value was in
the upper normal range, reflecting the natural diurnal

rhythm of this hormone [12]. During anesthesia and sur-
gery, there was a decrease in cortisol during the first hour of
pneumoperitoneum. Postoperatively, the values returned to
the preoperative level (see Tables 1 and 2).

Discussion

This study gives no evident support for the hypothesis that
the prompt circulatory effects at the induction of pneumo-
peritoneum are caused by vasopressors. Although the
minute elevations of vasopressin in the IV group and of
PRA in the inhal group were statistically significant, they
were so minor that they could not exert the hemodynamic
effects seen at pneumoperitoneum induction. Furthermore,
stress hormone response to the surgical trauma, assessed as
cortisol and catecholamines, was blunted, as indicated by

Fig. 1. Change from the awake state of venous plasma noradrenaline, renin
activity, and vasopressin in 10 patients anesthetized by propofol-fentanyl,
prior to and after establishment of pneumoperitoneum for laparoscopic
cholecystectomy. *Level is significantly different from that in the awake
state (p < 0.05).

Fig. 2. Change from the awake state of venous plasma noradrenaline, renin
activity, and vasopressin in six patients undergoing inhalation anesthesia,
prior to and after establishment of pneumoperitoneum for laparoscopic
cholecystectomy. *Level is significantly different from that in the awake
state (p < 0.05).

1220



low values during surgery. The patterns of cortisol and cat-
echolamine reaction were in accordance with previous find-
ings in which adequate anesthesia provided a good blockade
against surgical stress, that is, an attenuation of the stress
hormone response during anesthesia with a gradual activa-
tion during surgery as well as postoperatively [3, 30].

Nevertheless, hemodynamically, there were signs of an
elevated left ventricular preload as well as afterload follow-
ing the induction of pneumoperitoneum. In the IV group,
CVP and PCWP as well as MAP and SVR were increased.
Also, in the inhal group, the finding of an increased blood
pressure was reproduced. The three relevant vasopressors
studied are discussed separately as follows.

Vasopressin

Vasopressin is released mainly in response to increases in
plasma osmolality and to systemic hypotension. Vasopres-
sin is also released in response to a number of other factors,
among which are positive pressure breathing, postural
changes, nausea, hypoxia, hypercapnia, acidosis, and drug
administration. Whereas surgical stress is a potent stimulus
for vasopressin release [20, 24], it has been found that stable
anesthesia of different kinds, including various inhalational
anesthesia regimens and fentanyl anesthesia, do not induce
vasopressin secretion [24]. This finding was reproduced in
the present study using propofol-fentanyl and isoflurane an-
esthesia. In humans, vasopressin has been shown to produce
vasoconstriction in skin and skeletal muscle at low concen-
trations: 3.4 pg/ml (i.e., approximately 3.4 pmol/l [9]. Lev-
els exceeding 30 pg/ml (i.e., approximately 30 pmol/l),
however, are required to exert pressor activity in conscious
rats, dogs, and humans [1]. Furthermore, in dogs, vasopres-
sin is found to be a potent systemic vasoconstrictor during
hemorrhage [2]. The circulating plasma level in anesthe-
tized humans, where effects on systemic blood pressure is
observed, is not known.

Vasopressin also has been shown to increase in response
to increased IAP, both in animals [17] and in humans [19].
In the human study, an IAP level of 45 mmHg resulted in a
45-fold increase in vasopressin levels compared with values
before pneumoperitoneum. In these studies, the IAP level
has been so high that venous return has been impaired. It has
been documented in dogs that high levels of IAP cause a
reduction of venous return measured as an increased femo-
ral vein pressure [11] and as a reduced inferior vena caval
flow, causing a reduced cardiac output [11, 28]. These find-
ings were reported beginning at an IAP level of 10 mmHg
and higher [28] and of 20 mmHg and higher [11]. An im-
portant mechanism behind the vasopressin release in these
studies is probably the reduced filling of the central circu-
lation that mimics the situation after hemorrhage. Vasopres-
sin is then released in response to a change in input from
cardiovascular stretch receptors. Thus, in situations with
high IAP levels, the increased vasopressin release seen is
probably a response to circulatory alterations.

In the present study using clinical pneumoperitoneum
(11–13 mmHg), there was no clinically relevant vasopressin
increase at pneumoperitoneum establishment, neither in the
IV group (1.6 ± 0.7 to 2.2 ± 1.6) nor in the inhal group. The
late elevation of vasopressin levels could also be a reflection

of the general vasopressin response to surgery because the
time course for its activation in this study parallels that
otherwise seen during general surgery [3, 7]. It has also
been proposed that peritoneal stretch or pressure receptors
could mediate vasopressin-releasing stimuli [25], and an
activation of vasopressin in conjunction with visceral trac-
tion has been observed [20].

Catecholamines

In the present study, catecholamine levels were low and
well within the normal range throughout the investigation.
In the IV group, noradrenaline was even lower after pneu-
moperitoneum establishment compared with the baseline
level. In the inhal group, the noradrenaline level was the
same after pneumoperitoneum induction as at baseline. The
urine content of catecholamines over a 24-h period was not
elevated. Although these findings suggest essentially nor-
mal levels of sympathetic activity, the fact can not be ruled
out, however, that the catecholamines are involved in he-
modynamic effects during the induction of pneumoperito-
neum. The immediate onset of the circulatory changes sug-
gests a rapid reflex activation, and sympathetic activation is
the most rapid mediator of circulatory changes known [6].
There are difficulties, however, in adequately assessing re-
gional catecholamine activation when blood is collected
systemically. The activity within the sympathetic nervous
system is highly differentiated [10], and the release of nor-
adrenaline from different organs in the body shows a sub-
stantial variation [4, 5]. It may be that the increased SVR
after pneumoperitoneum induction is due to a differentiated
increase in sympathetic nerve activity goes to resistance
vasculatures and is not a response to resistance vasculatures
such as in skeletal muscle, because of afferent stimulation
from the spanchnic region not detectable in systemic venous
or arterial blood samples.

Renin-angiotensin system

Although there was an elevation of PRA in the inhal group
(less than 3 ng/ml × h), also after pneumoperitoneum es-
tablishment, these levels are still low and not considered to
exert circulatory effects [28]. The renin–angiotensin system
is most effectively activated by lowered renal perfusion
pressure due to hypotension [15]. The current blood pres-
sure level did not cause activation of the renin–angiotensin
system with high levels of PRA during anesthesia. It is
further evident that the present pressor response during
pneumoperitoneum did not activate the renin–angiotensin
system directly, or secondarily as a result of sympathetic
activation.

In the literature, there is controversy concerning the neu-
rohumoral response to pneumoperitoneum. It was suggested
in a previous study that the elevated MAP and SVR during
pneumoperitoneum would be caused by an increase in va-
sopressin release [12]. In that study, there was a rapid in-
crease of vasopressin at the establishment of pneumoperi-
toneum. However, at the onset of CO2 insufflation, the an-
esthetic depth had to be augmented immediately [12,
personal communication], and during the procedure isoflu-
rane was administered ‘‘as needed.’’ It may be that a low

1221



anesthetic level during painful CO2 administration caused
the marked vasopressin release during pneumoperitoneum
induction. Moreover, compared with values before pneumo-
peritoneum, the same study also reported increased levels of
adrenaline and noradrenaline 5 minutes after the establish-
ment of pneumoperitoneum (from 36 to 181 ng/l and from
222 to 408 ng/l, respectively), which further support this
assumption, as also does the detection of an increased level
of plasma cortisol already after 15 min of pneumoperito-
neum (from 53mg/l before pneumoperitoneum to 175mg/l)
[12]. It has also been suggested that a renin–angiotensin
activation could be responsible for the pressor response on
induction of pneumoperitoneum [23]. However, at the onset
of hemodynamic response, plasma renin was unaffected,
ruling out a direct causal relationship. Lefebvre et al. [16] in
gynecological laparoscopic surgery using halothane anes-
thesia reported no increase in adrenaline and noradrenaline
levels in blood samples collected at the end of carbon di-
oxide insufflation. Mealy et al. [18] found an increase in
urinary vanillylmandelic acid in a laparoscopic cholecystec-
tomy group, which however does not reflect the acute re-
sponse to pneumoperitoneum.

In the absence of apparent vasopressor activation, it can
be speculated that the increased IAP causes a redistribution
of pooled splanchnic blood to the systemic circulation,
which results in an autotransfusion. This in turn may con-
tribute to increased filling pressures. In a canine open-chest
model, Takata et al. [32] showed that an increased IAP
increases venous return measured in the inferior vena cava
at the level of the diaphragm, as long as the IAP level does
not exceed the pressure in the inferior vena cava. Another
finding indicating a redistribution of the blood volume is
that after the establishment of pneumoperitoneum, despite
positioning of the patient in a head-up tilt, the filling pres-
sures were not reduced compared with those of the horizon-
tal position without pneumoperitoneum. On the basis of the
present hemodynamic measurements, it is considered that
the patients were essentially normovolemic, and therefore
that the results of this investigation apply to the situation
with normal circulation. In hyper- and hypovolemic pa-
tients, hemodynamics, and possibly neurohumoral response,
could be different.

In conclusion, in the present study, irrespective of an-
esthesia technique, a neurohumoral origin of the circulatory
alterations seen immediately after the establishment of
pneumoperitoneum was not detected. According to the pres-
ent data the possibility cannot be excluded that a differen-
tiated sympathetic reflex response may play a hemodynami-
cally significant role at the establishment of pneumoperito-
neum, but other mechanisms need to be investigated further.
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Ringvor Hägglöf for excellent technical assistance. This study was sup-
ported by grants from the Karolinska Institute, the Swedish Medical Re-
search Council (project no. 7485 and 09101), and the AGA Gas Corpora-
tion.

References

1. Cowley AW Jr, Liard J-F (1988) Vasopressin and arterial pressure
regulation. Hypertension 11: I25–I32

2. Cowley AW Jr, Switzer SJ, Guinn MM (1980) Evidence and quanti-
fication of the vasopressin arterial pressure control system in the dog.
Circ Res 46: 58–67

3. Elliott M, Alberti KGMM (1983) The hormonal and metabolic re-
sponse to surgery and trauma. In: Kleinberger G, Deutsch E (eds).
New aspects of clinical nutrition. Karger, Basel, pp 247–270

4. Esler M, Jennings G, Korner P, Willett I, Dudley F, Hasking G, Ander-
son W, Lambert G (1988) Assessment of human sympathetic nervous
system activity from measurements of noradrenaline turnover. Hyper-
tension 11: 3–20

5. Esler M, Jennings G, Leonard P, Sacharias N, Burke F, Johns J,
Blombery P (1984) Contribution of individual organs to total nor-
adrenaline release in humans. Acta Physiol Scand Suppl 527: 11–16

6. Folkow B, Di Bona GF, Hjemdahl P, Tore´n PH, Wallin BG (1983)
Measurements of plasma norepinephrine concentrations in human pri-
mary hypertension. Hypertension 4: 399–402

7. Gann DS, Amaral JF (1988) Endocrine and metabolic responses to
injury. In: Schwartz SI, Shires GT, Spencer FC (eds) Principles of
surgery, 5th ed. McGraw-Hill, New York, pp 1–68

8. Hallman H, Farnebo L-O, Hamberger B, Jonsson G (1978) A sensitive
method for the determination of plasma catecholamines using liquid
chromatography with electrochemical detection. Life Sci 23: 1049–
1052

9. Hammer M, Skagen K (1986) Effects of small changes of plasma
vasopressin on subcutaneous and skeletal muscle blood flow in man.
Acta Physiol Scand 127: 67–73

10. Hjemdahl P (1990) Physiology of the autonomic nervous system as
related to cardiovascular function: implications for stress research. In:
Byrne DG, Rosenman RH (eds) Anxiety and the heart. Hemisphere,
New York, pp 95–158

11. Ivankovich AD, Miletich DJ, Albrecht RF, Heyman HJ, Bonnet RF
(1975) Cardiovascular effects of intraperitoneal insufflation with car-
bon dioxide and nitrous oxide in the dog. Anesthesiology 42: 281–287

12. Joris J, Lamy M (1993) Neuroendocrine changes during pneumoperi-
toneum for laparoscopic cholecystectomy. Br J Anaesth 70 (Suppl. 1):
17

13. Joris JL, Noirot DP, Legrand MJ, Jacquet NJ, Lamy ML (1993) He-
modynamic changes during laparoscopic cholecystectomy. Anesth
Analg 76: 1067–1071

14. Kehlet H (1982) The modifying effect of general and regional anes-
thesia on the endorcine-metabolic response to surgery. Regional
Anesth (Suppl) 7: S38–S48

15. Laragh JH (1992). The renin system and the renal regulation of blood
pressure. In: Seldin DW, Giebisch G (eds) The kidney, 2nd ed. Raven
Press, New York, pp 1411–1453

16. Lefebvre G, Thirion AV, Vauthier-Brouzes D, Cohen S, Seebacher J,
Darbois Y, Antreassian J, Guillemant S, Lagoguet M, Landault C
(1992) Cœlio-chirurgie compare´e à la laparotomie. J Gynecol Obstet
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