
PPuurrppoossee::  Stress response to surgery is modulated by several fac-
tors, including magnitude of the injury, type of procedure (e.g.,
laparoscopy vs laparotomy) and type of anesthesia. Our purpose
was to compare intra- and postoperative hormonal changes during
isoflurane vs sevoflurane anesthesia, in a clinical model of well
defined operative stress (laparoscopic pelvic surgery).
MMeetthhoodd::  In this prospective randomized clinical study, 20 women
requiring laparoscopic pelvic surgery for benign ovarian cysts received
either a standard isoflurane plus fentanyl (Group A) or sevoflurane
plus fentanyl anesthesia (Group B). Blood samples were collected
preoperatively, 30 min after the beginning of surgery, at the end of
surgery after extubation, and two and four hours after the end of
surgery. Intra- and postoperative plasma levels of norepinephrine,
epinephrine, adrenocorticotropic hormone (ACTH), cortisol,
growth hormone (GH) and prolactin (PRL) were measured.
RReessuullttss::  Catecholamine levels and postoperative pain were similar
in both groups. Nonetheless, in comparison to Group A, Group B
showed a significant decrease of ACTH, cortisol and GH levels (A
vs B at the end of surgery: ACTH 160 ± 45 vs 100 ± 40 pg·mL–1;
cortisol 45 ± 8 vs 23 ± 7 µg·dL–1; GH 3 ± 2 vs 0.8 ± 0.4
ng·mL–1; P < 0.001 for all), but enhanced PRL levels (A vs B, at 30
min after the beginning of surgery: 139 ± 54 vs 185 ± 22 ng·mL–1;
at the end of surgery: 100 ± 27 vs 141 ± 45 ng·mL–1; P < 0.001
for both).
CCoonncclluussiioonnss::  In the clinical setting of low stress laparoscopic
surgery, the type of volatile anesthetic significantly affected the stress
response; the changes associated with sevoflurane suggested a
more favourable metabolic and immune response compared to
isoflurane.

Objectif : La réaction au stress chirurgical dépend, entre autres, de
l’importance du traumatisme chirurgical, du type d’intervention
(laparoscopie vs laparotomie) et d’anesthésie. Nous voulions compa-
rer les changements hormonaux pendant et après l’opération sous
anesthésie à l’isoflurane, ou au sévoflurane, selon un modèle clinique
bien défini de stress opératoire (intervention chirurgicale par laparo-
scopie pelvienne).

Méthode : L’étude clinique, prospective et randomisée, a été faite
auprès de 20 femmes devant subir une intervention par laparoscopie
pelvienne pour des kystes bénins de l’ovaire. Les patientes ont reçu,
soit une anesthésie normale à l’isoflurane avec du fentanyl (groupe A),
soit au sévoflurane avec du fentanyl (groupe B). Le sang a été prélevé
avant l’opération, 30 min après le début, à la fin après l’extubation et,
deux et quatre heures après l’opération. Les niveaux plasmatiques
peropératoire et postopératoire de noradrénaline, d’adrénaline, d’hor-
mone adrénocorticotrope (ACTH), de cortisol, d’hormone de crois-
sance (GH) et de prolactine (PRL) ont été mesurés.

Résultats : Les niveaux de catécholamine et la douleur postopéra-
toire ont été similaires dans les deux groupes. Néanmoins, comparé
au groupe A, le groupe B a affiché une baisse significative d’ACTH, de
cortisol et de GH (A vs B à la fin de l’opération : ACTH 160 ± 45 vs
100 ± 40 pg·mL-1 ; cortisol 45 ± 8 vs 23 ± 7 µg·dL-1 ; GH 3 ± 2
vs 0,8 ± 0,4 ng·mL–1; P < 0,001 pour toutes), et une hausse de PRL
(A vs B, 30 min après le début de l’opération : 139 ± 54 vs 185 ±
22 ng·mL-1 ; à la fin de l’opération : 100 ± 27 vs 141 ± 45 ng·m-1 ;
P < 0,001 pour les deux).

Conclusion: Dans le cadre clinique d’une intervention laparo-
scopique de faible stress, le type d’anesthésique volatil utilisé a un effet
significatif sur la réaction de stress; les changements associés au
sévoflurane montrent une réaction immunitaire et métabolique plus
favorable qu’avec l’isoflurane.
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URGICAL procedures are associated with a
complex stress response characterized by neu-
rohumoral, immunologic and metabolic
alterations.

It has been shown previously that the magnitude of
such stress response is proportional to the magnitude
of injury,1–4 to the total operating time5,6 as well as to
the amount of intraoperative blood loss7,8 and to the
degree of postoperative pain;9,10 furthermore, it has
been shown that the choice of anesthetic technique
may modulate the extent of such response.11–15

Decreasing the stress response to surgery and trau-
ma is of high relevance to the anesthesiologist, since it
may allow complex operations in high risk patients
[American Society of Anesthesiologist (ASA) III–IV,
malnourished, immunocompromised and/or elder-
ly)];16–18 it has been suggested that decreasing opera-
tive stress may be a key factor in improving outcome
and lowering the length of hospital stay as well as the
total costs of patients care.6,19,20

Thus, an important goal of current research on new
anesthetics is to find the ideal “stress free” anesthetic,
to limit the activation of the neuroendocrine, inflam-
matory and immune responses.21 Clinical evidence is
accumulating that the choice of the main anesthetic is
able to influence the stress response, by stimulating,
inhibiting or modulating the pathophysiologic path-
ways which induce neurohormonal and immunologic
alterations.22,15

The effect of isoflurane or sevoflurane anesthesia on
the modulation of neurohormonal response to surgi-
cal trauma remains unclear. Thus, the aim of the pre-
sent study was to compare the effect of isoflurane or
sevoflurane anesthesia on the release of stress hor-
mones, in a selected group of patients undergoing
laparoscopic pelvic surgery.

MMeetthhooddss
Following local Ethical Committee approval and
patient informed consent, 20 adult women undergo-
ing benign ovarian cyst surgery by laparoscopy were
evaluated prospectively.

All patients were classified as ASA physical status I: we
excluded any patient with a history of cardiovascular or
nervous system diseases, diabetes, endocrine disorders,
obesity (body mass index > 30), previous or current use
of medications known to affect the sympathetic response
or the hormonal secretion, or drugs/alcohol abuse. The
patients were randomized into two study groups accord-
ing to a computer generated randomization list.

Group A patients (n = 10) received an isoflurane
based anesthesia, while Group B patients (n = 10)
received a sevoflurane based anesthesia.

All patients were premedicated with oral diazepam
0.2 mg·kg–1, 30 min before surgery. All operations
began between 8:30 a.m. and 9:00 a.m., to minimize
variability in the secretion of hormones such as corti-
sol, which is dependent on circadian rhythm.

All patients received anesthesia according to the fol-
lowing protocol: before induction of anesthesia, patients
received 3 µg·kg–1 fentanyl, then breathed 100% O2 for
three minutes; anesthesia was induced with 5 mg·kg–1

thiopental; after loss of consciousness, patients received 1
minimum alveolar concentration (MAC) either isoflu-
rane (end-tidal concentration 1–1.2%) or sevoflurane
(end-tidal concentration 1.8–2%) in a mixture of O2/air
to obtain F

I
O2 = 0.50, and the same MAC was main-

tained during surgery; 0.1 mg·kg–1 vecuronium was used
to facilitate endotracheal intubation. The target end-tidal
concentrations of inhaled anesthetics were maintained
for at least five minutes before the start of the surgical
procedure, and maintained during surgery.

Measurement of inspired and end-tidal concentrations
of oxygen, carbon dioxide, isoflurane and sevoflurane was
performed continuously by infrared spectrometry
(Capnomac Ultima, Datex, Helsinki, Finland) calibrated
before each anesthetic using a standard gas mixture. Gas
samples were collected via a catheter placed at the tra-
cheal end of the endotracheal tube.

All patients were ventilated mechanically to main-
tain an end-tidal CO2 value between 30–35 mmHg.
During pneumoperitoneum the intra-abdominal pres-
sure was maintained at < 15 mmHg. Skin body tem-
perature was measured at the axilla by a skin
temperature probe connected to a Sheridan Sona
Temp 400/700 Monitor (Sheridan Catheter Corp,
Argyle, NY, USA). Intraoperative monitoring includ-
ed heart rate (EKG), non-invasive arterial blood pres-
sure (BP), pulse-oximeter, inspired and end-tidal CO2
concentration, inspired and end-tidal isoflurane or
sevoflurane concentration.

Maintenance of anesthesia was provided with the
respective volatile anesthetic, adjusting the end-tidal
concentrations to maintain the patient hemodynami-
cally stable (BP within 15% of preoperative baseline
value and/or heart rate < 85 beats·min–1) during sur-
gical stimulation.

A balanced electrolyte solution (normal saline) was
given iv at a constant rate of 6 mL·kg–1·hr–1 intraopera-
tively and 2 mL·kg–1·hr–1 postoperatively. Laparoscopic
surgery was performed according to standard tech-
niques.23 At the last skin suture the inhalated anesthet-
ic was discontinued and the neuromuscular block was
reversed.

Patients received ketorolac 30 mg intravenously
before the beginning of surgery and ketorolac 30 mg
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iv at the end of the procedure. Ketorolac 30 mg iv was
administered every six hours for the first 12 postoper-
ative hours, for postoperative analgesia.

Venous samples were collected peripherally (from
an antecubital vein of the arm controlateral to the iv
infusion) as follows: at 8:00 a.m. in the ward, at the
time of premedication, immediately before transfer-
ring the patient to the operating room (time 0); 30
min after beginning of operation (time 1); at the end
of operation after extubation with the patient awake
(time 2); and two and four hours after the end of the
operation (times 3 and 4 respectively).

Samples were analyzed for concentration of norep-
inephrine (NE), epinephrine (E), adrenocorticotropic
hormone (ACTH), cortisol, growth hormone (GH)
and prolactin (PRL).

The samples were transferred to pre-cooled tubes
containing EDTA and 50 mL glutatione solution, soon
centrifugated at -4°C, and the plasma was stored at -
80°C until the analysis. All samples from the same
patients were analyzed together within three days of
collection. NE and E were measured by high perfor-
mance liquid chromatography (HPLC) and quantified
by electrochemical - coulombmetric method (HPLC –
EG – ESA 5100A, Coulochem, Bedford, MA, USA).
Concentration of ACTH, GH, PRL and cortisol were
measured by commercially available radioimmunoassay
kits. Interassay and intra-assay coefficient of variability
for each assay were as follows: NE 4.6 (inter) and 4%
(intra); E 4.2 and 4%; ACTH 4.6 and 2.5%; GH 4.2
and 2.4%; PRL 4 and 2%; cortisol 6.5 and 2.6%.

Postoperatively, at times 3 and 4, each patient was
asked to describe her pain level using a visual analogue
scale (VAS), 0 indicating no pain and 10 the worst
imaginable pain. The possible occurrence of anesthe-
sia - or surgery-related adverse events was monitored
by one of the co-authors.

Statistical analysis
Differences in stress hormone levels in both groups
were analyzed by one way ANOVA and unpaired
Student’s t test. Paired t test was used to analyze each
variable vs baseline level. Differences in VAS score
were evaluated by Wilcoxon test. The level of signifi-
cance was set at P < 0.05. All results were expressed as
mean ± standard deviation.
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TABLE I Characteristics of the patient population

Group A Group B

Age (yr) 33.8 ± 6.5 32.9 ± 6.6 NS
(mean ± SD)
Body weight (kg) 55.8 ± 5.5 57.1 ± 4.5 NS
(mean ± SD)
Pathology
-serous ovarian cysts 5 6
-mucinous ovarian cysts 3 3
-endometriotic ovarian cysts 2 1
Operating time (min) 55 ± 16.1 58 ± 17.9 NS

(mean ± SD)

TABLE II Hormonal variations during isoflurane anesthesia (Group A)

Norepinephrine Epinephrine ACTH Cortisol Growth hormone Prolactin
pg·mL–1 pg·mL–1 pg·mL–1 µg·dL–1 ng·mL–1 ng·mL–1

Time 0 300 ± 150 50 ± 30 45 ± 27 18 ± 7 2.2 ± 1 11.2 ± 3.4
Time 1 540 ± 170* 130 ± 12* 115 ± 30* 36 ± 10* 2.8 ± 0.9 139.4 ± 54*
Time 2 950 ± 370** 180 ± 90** 160 ± 45* 45 ± 8* 3 ± 2 108 ± 27.2
Time 3 310 ± 180 70 ± 50 50 ± 18 26 ± 10 2.2 ± 0.8 50.6 ± 18.8*
Time 4 256 ± 150 100 ± 78 37 ± 6 18 ± 7 2.3 ± 0.6 30.8 ± 12.9*

*P < 0.05 compared to baseline levels; **P < 0.01.

TABLE III Hormonal variations during sevoflurane anesthesia (Group B)

Norepinephrine Epinephrine ACTH Cortisol Growth hormone Prolactin
pg·mL–1 pg·mL–1 pg·mL–1 µg·dL–1 ng·mL–1 ng·mL–1

Time 0 365 ± 70 56 ± 25 36 ± 24 16 ± 5 1.7 ± 1.3 14 ± 9
Time 1 700 ± 280* 100 ± 50* 85 ± 35* 26 ± 6* 2.5 ± 0.5* 185 ± 22*
Time 2 750 ± 320* 210 ± 65* 100 ± 40* 23 ± 7* 0.8 ± 0.4 141 ± 45*
Time 3 300 ± 140 78 ± 35 25 ± 10 12 ± 8 1.2 ± 0.4 53 ± 25*
Time 4 280 ± 140 75 ± 40 24 ± 15 11 ± 8 0.9 ± 0.1 60 ± 31*

*P < 0.05 compared to baseline levels.
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FIGURE Mean serum levels (± SD) of norepinephrine (pg·mL–1; 1A), epinephrine (pg·mL–1; 1B), ACTH (pg·mL–1; 1C), cortisol
(µg·dL–1; 1D, growth hormone (ng·mL–1; 1E), prolactin (ng·mL–1; 1F), in sevoflurane group (full line) vs isoflurane group (dotted line),
at times 0-1-2-3-4. Statistical differences by ANOVA: X = P < 0.05; *P < 0.001.



RReessuullttss
Group A and Group B were similar with regards to
mean age, mean body weight and mean operative time
(Table I). Patients’ age ranged from 22–40 yr, and
weight from 50–65 kg. During surgery, there were no
significant changes in BP and heart rate, confirming
the depth of anesthesia was adequate; in spite of the
possible hemodynamic effects of pneumoperitoneum,
all variations of BP and heart rate were no larger than
10% from baseline. Skin body temperature was con-
stantly between 35.9 and 36.4°C. No anesthesiologic
or surgical complications occurred. No patient
required blood transfusion. All patients were dis-
charged on the first postoperative day.

Table II (laparoscopy with isoflurane anesthesia –
Group A) and Table III (laparoscopy with sevoflurane
anesthesia – Group B) show the results of hormonal
assays at different operative and postoperative times; a
statistical comparison with baseline values is included.
Baseline serum levels of all stress hormones evaluated
(NE, E, ACTH, cortisol, GH, PRL) were not signifi-
cantly different between groups. Figure 1 shows an
analysis of hormonal fluctuations in both groups.

The degree of pain reported by patients at times 3
and 4 in the two groups was similar and of mild inten-
sity (VAS score: median = 1, range 1–2).

DDiissccuussssiioonn
Few experimental studies have investigated the effects
of isoflurane or sevoflurane anesthesia on hormonal
and immunological responses.24,25 In the present
study, we compared isoflurane vs sevoflurane anesthe-
sia, analyzing the variation of serum levels of several
stress hormones during and after surgery. We chose a
clinical setting (young women undergoing a low stress
standardized surgical procedure, i.e., laparoscopy for
minor gynecological benign disease) which allowed us
to investigate the effects of sevoflurane vs isoflurane,
avoiding any interference by other factors which are
known to affect hormonal response (age, sex, type and
duration of surgery, blood loss, pain, vasoactive drugs,
etc.).8,26–30

In this setting, we found that catecholamine levels
were relatively unaffected by the choice of the main
anesthetic drug: surgical stress caused a similar varia-
tion of serum catecholamines both in the isoflurane
and in the sevoflurane group. Changes in circulating E
reflect adrenal medullary activity, whereas changes in
NE reflect the activity of the overall sympathetic ner-
vous system.31 The adrenergic response is related to
the extent of surgical trauma and is caused by afferent
signals (nociceptive pathways and humoral mediators)
originating from the site of injury.32 Neither of the

anesthetics we tested could apparently inhibit such
catecholamine activation.

Things were quite different taking into account the
ACTH-cortisol release induced by surgery. ACTH
and cortisol are sensitive indicators of stress: plasma
increase of ACTH and the subsequent increase of
plasma cortisol are known to correlate with the sever-
ity of surgical injury.33 These hormones cause specific
metabolic alterations (the best known is an increase of
muscle catabolism, with net negative nitrogen bal-
ance), but also affect humoral and cellular immune
responses.15 The transient immunosuppression
induced by the surgical stress might be partially
explained by a supranormal activation of the ACTH-
cortisol axis. It is important to underline that in such
clinical conditions both hormones simultaneously
increase, because of the loss of the normal pituitary-
adrenocortical feed-back mechanisms.34 The exact
trigger of such adrenocortical response is not com-
pletely clear: an important role might be played by
some substances directly released at the site of surgery,
as well as by cytokines themselves: interleukin-1 ß and
interleukin-6 are important mediators of host defence
mechanisms and of the systemic inflammatory
response to surgical trauma, and are known to stimu-
late the release of both ACTH and cortisol.34,35

In our study, carried out in a group of controlled,
low-stress surgical patients, isoflurane anesthesia was
associated with significantly higher concentrations of
ACTH and cortisol, when compared to sevoflurane:
further studies are needed to confirm this finding in
high stress procedures (long, complex, or performed
on high-risk, malnourished, and/or immunocompro-
mised patients).

A similar pattern was observed with GH levels,
whose increase during surgery was partially inhibited
by sevoflurane anesthesia in comparison with isoflu-
rane. GH is directly released by the hypophysis during
the stress response: its metabolic action is in part sim-
ilar to the one induced by ACTH and cortisol (glyco-
neogenetic, anti-insulin effect) and in part opposite
(anabolic effect with stimulation of protein synthesis
in several non-muscle tissues). Its influence on the
immune system is still not clear. The potential clinical
relevance of the sevoflurane-induced attenuation of
GH levels during such low stress procedures is
unclear; further studies will investigate this kind of
response in ‘high stress’ surgery.

Stress also causes an increased release of PRL, but
the metabolic and immune effects of such increase are
less known; PRL is supposed to have an immuno-
stimulatory action which might be potentially benefi-
cial in certain clinical circumstances.36 Since PRL
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secretion is mediated by endorphins, its increase dur-
ing surgery is partially due to fentanyl, which in our
study was administrated in all patients at the induction
of anesthesia (same dosage in both groups). Though,
a significant difference was noticed when comparing
sevoflurane with isoflurane: considering the markedly
higher levels of PRL during sevoflurane anesthesia (P
< 0.001), we may hypothesize a direct pharmacologi-
cal action of the latter anesthetic on PRL release.

In conclusion, in the clinical setting of a low stress
laparoscopic procedure, the use of sevoflurane anes-
thesia apparently decreases ACTH, cortisol and GH
release, but enhances PRL release when compared
with isoflurane; although clinical evidence is still lack-
ing, several indirect data suggest that this phenome-
non might be associated with a more favourable
metabolic and immune response. Further studies are
required to verify whether sevoflurane anesthesia
might maintain such advantages in more critical surgi-
cal procedures on severely ill, immunocompromised
and/or malnourished patients.
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