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The influence of a prophyla
ctic dose of dexamethasone
for postoperative nausea and vomiting on plasma
interleukin concentrations after laparoscopic
cholecystectomy

A prospective randomised trial

Daniela C. Ionescu, Adina I. Hadade, Teodora A. Mocan and Simona D. Margarit
CONTEXT Little is known about the effects of small doses of
dexamethasone used for the prophylaxis of postoperative
nausea and vomiting on the innate host response.

OBJECTIVES We studied the influence of dexamethasone
4 mg on the perioperative plasma concentrations of
interleukins after laparoscopic cholecystectomy. We hypo-
thesised that there would be differences in pro-inflammatory
interleukin concentrations in patients who received
dexamethasone.

DESIGN A randomised controlled study.

SETTING University hospital.

PATIENTS Forty-six patients undergoing laparoscopic
cholecystectomy under total intravenous anaesthesia were
allocated randomly into one of two study groups; 42 patients
completed the study.

INTERVENTIONS Patients in group 1 (dexamethasone,
n¼22) received dexamethasone 4 mg and group 2
(n¼20) acted as controls.

MAIN OUTCOME MEASURES Plasma levels of tumour
necrosis factor alpha and interleukins 1b, 6, 8, 10 and
13 were measured before anaesthesia, before surgery and
2 and 24 h after surgery. The frequency and number of
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episodes of postoperative nausea and vomiting were
recorded.

RESULTS Areas under the curve of the percentage
variation of interleukins 6 and 8 were significantly lower
in the dexamethasone group. There were no significant
differences between groups in the areas under the
curve for tumour necrosis factor alpha and interleukins
1b, 10 and 13. The greatest variation in interleukin con-
centrations was 2 h postoperatively, when the concentration
of interleukin 6 was greater in the control group, whereas
the concentration of interleukin 10 was higher in the
dexamethasone group. Twenty-four hours after surgery,
only the concentration of interleukin 6 remained signifi-
cantly increased in both groups (P¼0.001 and
P¼0.002, respectively). There were no significant
differences between groups in respect of postoperative
nausea and vomiting.

CONCLUSION Prophylactic dexamethasone given before
laparoscopic cholecystectomy produced a significant
decrease in concentrations of interleukins 6 and 8. Further
studies are needed to investigate the clinical implications of
these findings.

Published online xx month 2013
Introduction

Dexamethasone is used commonly for prophylaxis

against postoperative nausea and vomiting (PONV)1 in

doses ranging from 4 to 10 mg.2,3 Questions about the
clinical safety of a single dose of dexamethasone used for

prevention of PONV have been raised. In a systematic

review, Henzi et al.4 did not find evidence of any clinically
nauthorized reproduction of this article is prohibited.

f Medicine and Pharmacy, Cluj-Napoca, Romania (DCI, SDM), Outcome Research
are, Regional Institute of Gastroenterology and Hepatology ‘O Fodor’ (AIH), and
of Medicine and Pharmacy ‘Iuliu Hatieganu’, Cluj-Napoca (TAM), Romania

ie III, Str. Croitorilor, nr 19-21, 400162 Cluj-Napoca, Romania

DOI:10.1097/EJA.0b013e3283642a01

mailto:daniela_ionescu@umfcluj.ro
http://dx.doi.org/10.1097/EJA.0b013e3283642a01


Copyr

CE: Namrta; EJA/200997; Total nos of Pages: 8;

EJA 200997

2 Ionescu et al.
relevant toxicity in otherwise healthy patients who

received a single intravenous dose of dexamethasone

4 to 10 mg. A positive balance between benefits and risks

after a single dose of dexamethasone has been reported

by Jakobsson5 in a recent editorial review. However,

there are even fewer studies on the effects of dexametha-

sone at a molecular level. Reports relating to cardiac

surgery have shown that a single high dose of gluco-

corticoids (most often methylprednisolone) decreases

concentrations of inflammatory interleukins (IL) IL-6,

IL-8, tumour necrosis factor alpha (TNFa), C-reactive

protein, complement and leukocyte receptor, and

increases concentrations of IL-10.6–8 Similarly, leukocyte

adhesion molecules are downregulated by steroid treat-

ment,8 although some studies have shown that a single

dose of either methylprednisolone or dexamethasone

does not influence the plasma concentration of L-selectin

or soluble vascular cell adhesion molecules (s-VCAM).9,10

The dose–response relationship still has to be deter-

mined because most of these studies used high doses

of corticosteroids.

Therefore, it is still unknown whether a single low,

prophylactic dose of dexamethasone has any influence

on other components of the innate host response in

humans. We have chosen the effects on interleukins

because these are important markers of the inflammatory

response with potential clinical effects. Thus, TNFa

dysregulation is involved in cancer, inflammatory bowel

disease and neurological disease progression,11 whereas

IL-6 is an acute phase response mediator. We considered

that it would be of interest to investigate whether a dose

of dexamethasone 4 mg has anti-inflammatory effects,

thus explaining at least partly some of the beneficial

clinical effects reported with a small dose of the drug,

such as reduced postoperative pain12 and more rapid

postoperative recovery. In view of this, we set out to

study the effects of a single dose of dexamethasone

4 mg used for prevention of PONV on the plasma con-

centrations of pro-inflammatory and anti-inflammatory

interleukins during total intravenous anaesthesia (TIVA)

for laparoscopic cholecystectomy.

We hypothesised that the circulating concentrations of

the most powerful pro-inflammatory cytokines TNFa,

IL-1b, IL-6 and IL-8 in patients undergoing laparoscopic

cholecystectomy and receiving dexamethasone would

be lower than in patients who did not receive the drug.

We chose a dose of 4 mg because this is the frequently

recommended dose for prophylaxis against PONV and

because we wanted to investigate to what extent anti-

inflammatory effects could be found with such a small

dose of dexamethasone. We selected laparoscopic

cholecystectomy because this minimally invasive pro-

cedure had been reported in most studies to be associated

with a reduced inflammatory response,13,14 although not

all authors are of this opinion.15 A reduced inflammatory

response of a small dose of dexamethasone might be an
ight © European Society of Anaesthesiology. Una
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argument in favour of extending the use of dexa-

methasone to other categories of patients and surgical

procedures.5,8

Patients and methods
Ethical approval for this study (IRB approval no.

178 B/2007) was provided by the Ethical Committee

of the University of Medicine and Pharmacy Iuliu

Hatieganu, Cluj-Napoca, Romania (Chairperson Prof

Dr F Loghin) on 19 December 2007. After obtaining

written informed consent, 46 American Society of

Anesthesiologists (ASA) physical status 1 or 2 patients

scheduled for laparoscopic cholecystectomy under

general anaesthesia (3rd Surgical Clinic, Regional Insti-

tute of Gastroenterology and Hepatology, Cluj-Napoca)

between January 2008 and August 2009 were allocated

randomly to one of two study groups (23 patients to each

group) using a computer-generated sequence. In the

dexamethasone group, patients received dexamethasone

4 mg for prophylaxis against PONV; patients in

the second group received no dexamethasone (control

group). Patients with immune system disorders, known

inflammatory diseases (including acute cholecystitis),

an abnormal white cell count, asthma, obesity (BMI

�30 kg m�2), diabetes, gastric ulcer, allergies, history of

PONV and current steroid or anti-inflammatory medi-

cation were excluded from participation. We used TIVA

as an intervention for PONV prophylaxis,1 taking

into consideration the increased risk of PONV after

laparoscopic cholecystectomy and the absence of

PONV prophylaxis with dexamethasone in one of the

study groups.

All patients received oral premedication of midazolam

7.5 mg. An intravenous cannula was inserted, blood was

drawn for interleukin measurements and 500 ml of

crystalloids were administered. This cannula was used

as a dedicated line for fluid administration during anaes-

thesia and for blood sampling for subsequent interleukin

measurements.

A second intravenous cannula was inserted for the

infusion of drugs. Before induction of anaesthesia,

dexamethasone 4 mg (1 ml clear solution) was given to

patients in the dexamethasone group, and isotonic saline

1 ml was administered to patients in the control group.

Anaesthesia was induced in all patients with a target-

controlled infusion (TCI) of propofol with an initial

target plasma concentration of 4 mg ml�1 (modified

Marsh model) and a manually controlled infusion

(MCI) of remifentanil with 0.5 mg kg�1 min�1 in the

first minute and then 0.25 mg kg�1 min�1. Atracurium

0.6 mg kg�1 was administered to facilitate tracheal

intubation. Anaesthesia was maintained with propofol

at a rate sufficient to keep the bispectral index

(BIS) level between 40 and 55 (SpaceLabs, St Gallen,

Switzerland). Remifentanil was adjusted in steps of

0.05 mg kg�1 min�1 according to the patient’s analgesic
uthorized reproduction of this article is prohibited.
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needs and, if needed, additional aliquots of atracurium

10 mg were administered.

At the end of surgery, the infusions of remifentanil and

propofol were stopped and residual effects of atracurium

were antagonised by administration of neostigmine

with atropine.

Crystalloids were administered continuously throughout

anaesthesia, and hypotension (defined as a decrease of

mean blood pressure by greater than 25% of baseline

values) was corrected with fluids and/or intravenous

boluses of ephedrine 5 mg.

Postoperative analgesia included paracetamol 1 g orally

every 8 h and pethidine 0.4 to 0.5 mg kg�1 intravenously

at the patient’s request or when the pain score on a

5-point visual analogue scale (VAS, 5, worst pain possible;

0, no pain) was at least 3.

If present, PONV was treated with intravenous metoclo-

pramide 10 mg, and ondansetron 4 mg if metoclopramide

was not effective. The severity of PONV was not assessed

in this study.

Interleukin measurement
Blood samples (7 ml) for interleukin measurements

were drawn from the dedicated intravenous cannula

at the following times: immediately after inserting the

first peripheral cannula (T1), after tracheal intubation

but before the start of surgery (T2), 2 h after recovery

(T3) and 24 h (T4) after anaesthesia.

After centrifugation of the blood samples at 2500 rpm for

10 min at room temperature, separated plasma samples

(3 to 4 ml) were stored into cryotubes at less than �208C
until the interleukin assays were performed. The

interleukin assays were performed in one laboratory by

the same team for all patients; the laboratory staff were

not aware of the study group and were not involved in the

patients’ anaesthesia.

Plasma concentrations of both pro-inflammatory and

anti-inflammatory interleukins were measured by

commercially available ELISA kits (Quantikine, R&D

Systems, Minneapolis, MN). Determinations employed

the quantitative sandwich enzyme immunoassay tech-

nique. mAbs specific for interleukins had been precoated

onto specific wells on ELISA plates. Standards and

plasma samples were then pipetted into the wells of

the plate, wherein cytokines are bound by the capture

antibodies. An enzyme-linked mAb specific for each

determined interleukin was added to each plate after

washing the plate to remove the unbound antigen. A new

wash was done to remove any unbound antibody–

enzyme conjugates and a substrate solution was then

added to the wells leading to a blue colour product

that changed colour to yellow when the stop solution

was added.
right © European Society of Anaesthesiology. U
The optical intensity of the colour measured is

proportional to the amount of plasma interleukin initially

bound. The sample values are then read from a standard

curve.

The minimum detectable concentrations as given by

the manufacturer were as follows: less than 1 pg ml�1

for IL-1b; less than 0.7 pg ml�1 for IL-6; less than

1.5 pg ml�1 for IL-8; less than 0.5 pg ml�1 for TNFa; less

than 3.9 pg ml�1 for IL-10; and less than 32 pg ml�1 for

IL-13, with intra-assay and inter-assay coefficients of

variation both less than 10%.

Normal plasma concentrations of interleukins measured

with the Quantikine assays are in the following ranges:

IL-1b, 1.0 to 3.9 pg ml�1; IL-6, 0.7 to 12.5 pg ml�1; IL-8,

3.5 to 31.2 pg ml�1; IL-13, 32.0 to 62.5 pg ml�1; TNFa,

1.6 to 15.6 pg ml�1; and IL-10, 3.9 to 7.8 pg ml�1.

Statistical analysis
The sample size was calculated from a previous pilot

study (n¼ 5 patients in each study group). A median

difference of 28% in IL-6 concentrations was found in

the pilot study for the two groups. For a type one (a) error

level of 0.05 and a type II (b) error level of 0.2, we

calculated a minimum required sample size of 20 patients

per group. We estimated a maximum 15% loss, resulting

in a minimum sample size of for each group. Data were

tested for normality using the Kolmogorov Smirnov test.

Preinduction concentrations were considered baseline.

Concentrations recorded at each subsequent time

interval were expressed as percentage of baseline con-

centration. To eliminate the influence of differences

in preinduction concentrations of interleukins on calcu-

lation of area under the curve (AUC), between-group

AUC comparisons of these percentages were performed

using the Mann–Whitney U-test. Post hoc comparisons

between repetitive measures of the same continuous

variable were assessed using the Wilcoxon test. For these

comparisons, Bonferroni adjustment was used, leading to

an a reduction up to 0.01 threshold. Between-group

single-measurement differences were assessed using

the Mann–Whitney U test or Student’s t-test according

to the normality of data. Chi-square test was used to

test correlations between qualitative data. The Mann–

Whitney U-test was used to compare the incidence of

PONV in the study groups.

On the basis of data distribution, continuous data were

expressed as either mean (SD) or median (range). SPSS

17.0 (SPSS Inc., Chicago, IL) and Medcalc 8.3.1.1.

(MedCalc Software, Mariakerke, Belgium) statistical

packages were used to perform all data analyses.

Results
Of the 46 enrolled patients, 42 completed the study.

One patient was excluded from the dexamethasone

group because of acute inflammation of the gall bladder
nauthorized reproduction of this article is prohibited.
Eur J Anaesthesiol 2013; 30:1–8
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Table 1 Demographic data of study groups

Dexamethasone

(n U 22)

Control

(n U 20)

Age (years)
M 54.9 (13.5) 50.8 (13.9)

Weight (kg)
M 75.5 (14.5) 80.3 (7.6)

Sex (F/M) 14/8 12/8
ASA I/II 10/12 10/10
Anaesthesia time (min)

M 41.6 (10) 44.9 (9.8)

M Mean (SD).
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discovered intraoperatively despite meeting the

inclusion criteria, and three patients were excluded from

the control group due to technical problems. We present

the data from the remaining 42 patients who completed

the study.

Demographic and clinical data were similar in both

groups (Table 1). None of the patients became hypo-

thermic during surgery; the mean intraoperative tempera-

ture was 36.5 (0.3)8C.

Preinduction plasma concentrations of all interleukins

were within the normal ranges and did not differ between

study groups for TNFa, IL-1b, IL-6 or IL-8, although

there were differences for IL-10 and IL-13.

AUCs for perioperative variation of IL-6 (P¼ 0.0003) and

IL-8 (P¼ 0.0001) were significantly higher in the control

group (Table 2). There were no significant differences

in AUCs between study groups for IL-1b, TNFa, IL-10

or IL-13. The time courses of plasma concentrations

for IL-6, IL-8 and IL-10 are shown in Figs. 1–3. Immedi-

ately after induction, and before surgery, most of

the interleukin concentrations were lower than baseline

concentrations, especially in the dexamethasone group,

wherein all values were lower. For IL-8 and IL-10,

these differences were significant (P¼ 0.002 and 0.006,

respectively). In the control group, the concentrations of

IL-8 and IL-10 were increased, but the differences were

not significant (P¼ 0.121 and 0.60, respectively). It can be

seen from Figs. 1–3 that the greatest variations occurred

2 and 24 h postoperatively (T3 and T4) and we have

analysed these data in detail.

Two hours postoperatively (T3), the concentrations

of IL-6, IL-8 and IL-10 were significantly higher than

baseline values in the control group, whereas in the
ight © European Society of Anaesthesiology. Una

Table 2 Results of longitudinal between-group comparisons

Dexamethasone

AUC 95% CI

IL-6 1228.8 442.1 to 1675.0
IL-8 215.5 135.1 to 329.8
IL-10 597.5 426.9 to 962.2
IL-13 289.2 274.1 to 309.6
IL-1 296.5 413.6 to 267.4
TNFa 278.4 258.1 to 306.3

Areas under the curve were calculated using baseline values as the common referenc
using Mann–Whitney U-test. AUC, area under the curve; CI, confidence interval; IL,

Eur J Anaesthesiol 2013; 30:1–8
dexamethasone group, only IL-6 and IL-10 con-

centrations were significantly increased (Table 3). The

greatest variations were in IL-6 and IL-8 in the control

group and in IL-10 in the dexamethasone group.

Twenty-four hours postoperatively (T4), plasma con-

centrations of most of the interleukins returned close

to the initial concentrations (Table 3). The concentration

of IL-6 remained significantly higher than baseline in

both groups after 24 h, with a higher median concen-

tration in the control group than in the dexamethasone

group. However, the difference was not statistically

significant (P¼ 0.9).

Concentrations of IL-10 and IL-13 did not change

significantly from the baseline values in either group

(Table 3).

The concentrations of IL-8 were significantly lower in the

dexamethasone group (P¼ 0.006) and did not change

from baseline values in the control group (P¼ 0.232).

The concentration of IL-13 did not differ between study

groups at any time point and the concentrations were

always within the normal range.

The data relating to PONV are summarised in Table 4.

There were no significant differences in the total
uthorized reproduction of this article is prohibited.

Control

AUC 95% CI P

3282.3 2065.1 to 5972.1 0.0003
405.7 348.7 to 511.1 <0.0001
472.3 63.5 to 714.1 0.449
309.8 290.1 to 332.9 0.114
324.3 284.6 to 364.4 0.743
301.9 275.5 to 316.5 0.404

e point for both groups. Between-group longitudinal comparisons were performed
interleukin; TNF, tumour necrosis factor.
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incidence of PONV or the number of PONV episodes

between groups. The requirement for metoclopramide

did not differ between the two groups. One patient in

the control group did not respond to metoclopramide

and received ondansetron, but the patient’s data were

included in the statistical analysis.

The pethidine consumption was 0.78 (0.47) mg kg�1 per

24 h in the dexamethasone group and 1.01 (0.84) mg kg�1

per 24 h in the control group (P¼ 0.29). The opioid

requirements were monitored because of the possible

interference of pethidine on the incidence of PONV, in

the absence of nonsteroidal agents in the management of

postoperative pain.

No patient developed infectious complications during

the study, or any other postoperative complications.
right © European Society of Anaesthesiology. Unauthorized reproduction of this article is prohibited.
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Table 4 Incidence of postoperative nausea and vomiting and antiemetic medication in study groups

Dexamethasone (n U 22) Control (n U 20) P

PONV (number of patients) 9 8 0.96
PONV (episodes/patient) 0.50 (0.61) 1.10 (1.92) 0.85
Metoclopramide consumption (mg kg

S1
per 24 h) 0.05 (0.06) 0.05 (0.08) 0.89

PONV, postoperative nausea and vomiting.
None of the patients was readmitted because of post-

operative complications after discharge from hospital.

Discussion
Despite the fact that dexamethasone has been used for

almost two decades as routine prophylaxis against PONV,

especially after laparoscopic surgery,1,12 there are only a

few reports about its adverse effects,4,16 focused mainly

on clinical side effects: haemorrhage; wound infection;

delayed wound healing; and increased glucose concen-

trations. Even less is known about the immunological

effects of a single prophylactic dose of dexamethasone or

about its effect on the inflammatory response. It has been

demonstrated that the administration of corticosteroids

in the preoperative period is followed by suppression

of inflammation12,17 without an increased risk of post-

operative infectious complications.18 However, there are

studies showing that there are nonsurgical situations

in which glucocorticoids may have pro-inflammatory

effects.19

Interleukins are proteins that are partly responsible

for the inflammatory response after surgery and

anaesthesia.20–22 The overall inflammatory response

results generally from the balance between pro-inflam-

matory and anti-inflammatory interleukins.23 Abnormally

increased concentrations of these interleukins can

promote either an increased inflammatory process with

subsequent deleterious effects on other organs such as

multiple organ dysfunction,24 or a decreased inflam-

matory response with a risk of infectious complications

after surgery.25–27

IL-13, produced by T-helper type 2 cells, mast cells and

basophils, has been studied only recently in relation to

anaesthesia and surgery and its role as a pro-inflammatory

or anti-inflammatory or both is still controversial.28

Initially considered a variant of IL-4, IL-13 has been

described as involved in specific inflammatory processes

as well as in tissue remodelling.28

Our findings indicate that there were no significant

differences produced by dexamethasone 4 mg in the

concentrations of IL-1b, TNFa or IL-13 evaluated

as AUC of percentages from baseline values of the

plasma concentrations for the first 24 h postoperatively.

The AUC of plasma concentration variation of IL-6 and

IL-8 were significantly higher in the control group,

whereas for IL-10, differences were slightly greater in

the dexamethasone group. Two hours postoperatively,
ight © European Society of Anaesthesiology. Una
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concentrations of IL-6 and IL-10 were significantly

increased in both groups, while IL-8 was significantly

increased in the control group. At 24 h, only IL-6

concentrations remained significantly increased in both

groups, with a higher median value in the control group

(although not statistically significant). IL-10 remained

increased only in the control group, probably to counter-

act the abnormally increased concentration of IL-6.

Our findings are in agreement with previous studies

showing that the greatest increase in plasma interleukins

IL-6 and IL-10 occur in the first 2 to 4 h after surgery and

diminish during the subsequent 24 h.29–32 In a study

similar to ours, El Azab et al.25 demonstrated that much

higher doses of dexamethasone (100 mg) had an effect

on IL-6, IL-8 and IL-10 similar to what we found using a

dose of only 4 mg. Contrary to the findings of El Azab

et al.,25 the administration of dexamethasone did not

influence the concentration of TNFa, probably because

of the low dose of dexamethasone and less stimulating

surgery.

Despite a long biological half-life (36 to 72 h),33 dexa-

methasone influences cytokine concentrations during the

perioperative period earlier than it influences PONV.4

Dexamethasone 4 mg decreased the concentrations of

inflammatory cytokines immediately after induction of

anaesthesia and during surgery, whereas 24 h post-

operatively, the interleukin concentrations were return-

ing towards their preoperative concentrations.

It is difficult to compare different studies of the effect of

dexamethasone on cytokine balance during different

surgical procedures because of different doses and study

protocols.16,18 The influence of anaesthetic agents must

also to be taken into consideration. However, studies with

different doses have shown similar effects: a shift of the

cytokine balance towards anti-inflammatory interleukins

and diminished concentrations of pro-inflammatory

cytokines, which may be responsible for the favourable

postoperative recovery of these patients.

Our study has a few limitations. First, due to a small

sample size and the variability in cytokine concentrations

in the pilot study, our study may be underpowered in

respect of some of the interleukins in which differences

between groups were not as great as for IL-6. We

followed up the patients only for 24 h until discharged;

a longer observation time may have detected a further

decrease in IL-6 concentration. Our findings can only

partly explain some of the beneficial effects reported with
uthorized reproduction of this article is prohibited.
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dexamethasone.12,18 It would also be interesting to know

whether such a low dose of dexamethasone has the same

effect during inhalational anaesthesia or if the effects

are dose-related. However, the small sample size may be

responsible for the lack of difference in the incidence of

PONV in the study groups or the use of neostigmine to

antagonise residual muscle relaxation and pethidine for

postoperative analgesia in the absence of NSAIDs.

A dose–response relationship study on the effects of

dexamethasone on the inflammatory response would also

be of interest, but such a study should take into

consideration that the most commonly recommended

doses of dexamethasone for PONV prophylaxis are of

4 to 51 and 8 mg, and only inconsistently other doses.5,34

Fujii and Itakura35 reported differences in the incidence

of PONV after laparoscopic cholecystectomy, with almost

half as many patients suffering PONV after a dose of 8 mg

compared with patients who had received 4 mg.

We do not have an explanation for the differences in

preanaesthetic plasma concentrations of IL-10 and IL-13

between groups, although these concentrations were

within the normal ranges and there were no differences

in the other marker concentrations. This is why we have

calculated differences in the change in interleukin

concentration rather than the absolute values.

We did not design the study to identify specifically

whether there was a correlation between interleukin

concentrations and the incidence of PONV, but our data

suggest that there is no such correlation.

In conclusion, our results indicate that a small prophy-

lactic dose of dexamethasone significantly diminishes the

postoperative increase in pro-inflammatory IL-6 and

IL-8. Concentrations of TNFa, IL-1b and IL-13 were

not influenced by this dose of dexamethasone. The

clinical relevance of these effects is unclear but seems

unlikely to be significant, taking into consideration the

amplitude of the effect. Such an effect on inflammatory

interleukins might be important in patients with increased

concentrations of interleukins, such as those with the

systemic inflammatory response syndrome. Further

studies on larger groups of patients are needed to evaluate

the magnitude of this effect and its clinical implications.

Acknowledgements
Assistance with the study: Work should be attributed to

Department of Anesthesia and Intensive Care I, University of

Medicine and Pharmacy ‘Iuliu Hatieganu’, Cluj-Napoca, Romania.

D.I. had a major contribution to conception and design of the study

and acquisition of data (anaesthetic data, sample harvesting and

storage), drafting the article and final approval of the manuscript to

be submitted. She is the Director of the research grant. A.H. had a

substantial contribution to acquisition of data (sample storage and

analysis, database of plasma interleukins), revising of article in draft

and final approval of the manuscript to be submitted. S.M. had a

substantial contribution to conception of the study and acquisition

of data (anaesthetic data, sample harvesting and storage), drafting
right © European Society of Anaesthesiology. U
the article and final approval of the manuscript to be submitted.

T.M. had a substantial contribution to analysis and interpretation of

data, revising of article in draft and final approval of the manuscript

to be submitted.

Financial support and sponsorship: The study was supported by

research grant no. 41025 funded by The National Centre for the

Management of Projects (CNMP), Romania.

Conflicts of interest: None declared.

References
1 Gan TJ, Meyer TA, Christian C, Apfel CC, et al. Society for ambulatory

anesthesia guidelines for the management of postoperative nausea and
vomiting. Anesth Analg 2007; 105:1615–1628.

2 Wang JJ, Ho ST, Lee SC, et al. The use of dexamethasone for preventing
postoperative nausea and vomiting in females undergoing thyroidectomy:
a dose-ranging study. Anesth Analg 2000; 91:1404–1407.

3 Gan TJ, Coop A, Philip BK. A randomized, double-blind study of granisetron
plus dexamethasone versus ondansetron plus dexamethasone to prevent
postoperative nausea and vomiting in patients undergoing abdominal
hysterectomy. Anesth Analg 2005; 101:1323–1329.

4 Henzi I, Walder B, Tramer M. Dexamethasone for the prevention of
postoperative nausea and vomiting: a quantitative systematic review.
Anesth Analg 2000; 90:186–194.

5 Jakobsson J. Preoperative single-dose intravenous dexamethasone during
ambulatory surgery: update around the benefit versus risk. Curr Opin
Anaesthesiol 2010; 23:682–686.

6 Sistla S, Rajesh R, Sadasivan J, et al. Does single-dose preoperative
dexamethasone minimize stress response and improve recovery after
laparoscopic cholecystectomy? Surg Laparosc Endosc Percutan Tech
2009; 19:506–510.

7 Callery MP. Preoperative steroids for laparoscopic surgery. Ann Surg
2003; 238:661–662.

8 Holte K, Kehlet H. Perioperative single-dose glucocorticoid administration:
pathophysiologic effects and clinical implications. J Am Coll Surg 2002;
195:694–712.

9 Toft P, Christiansen K, Tonnesen E, et al. Effect of methylprednisolone on
the oxidative burst activity, adhesion molecules and clinical outcome
following open heart surgery. Scand Cardiovasc J 1997; 31:283–288.

10 Ionescu D, Margarit S, Hadade A, et al. The effects of a small dose of
dexamethasone on cell adhesion molecules during laparoscopic
cholecystectomy. Drugs R D 2011; 11:309–316.

11 Locksley RM, Killeen N, Lenardo MJ. The TNF and TNF receptor
superfamilies: integrating mammalian biology. Cell 2001; 104:487–501.

12 Baxendale BR, Vater M, Lavery KM. Dexamethasone reduces pain and
swelling following extraction of third molar teeth. Anaesthesia 1993;
48:961–964.

13 Vittimberga FJ Jr, Foley DP, Meyers WC, Callery MP. Laparoscopic surgery
and the systemic immune response. Ann Surg 1998; 227:326–334.

14 Ueo H, Honda M, Adachi M, et al. Minimal increase in serum interleukin-6
levels during laparoscopic cholecystectomy. Am J Surg 1994; 168:358–
360.

15 Chalhoub V, Pottecher J, Asehnoune K, et al. Cytokine response and
reactive oxygen species production after low- and intermediate-risk
surgery. Acta Anaesthesiol Scand 2011; 55:549–557.

16 Madan R, Bhatia A, Chakithandy S, et al. Prophylactic dexamethasone for
postoperative nausea and vomiting in pediatric strabismus surgery: a dose
ranging and safety evaluation study. Anesth Analg 2005; 100:1622–
1626.

17 Kim MS, Cote CJ, Cristoloveneau C, et al. There is no dose-escalation
response to dexamethasone (0.0625–10 mg/kg) in pediatric tonsillectomy
or adenotonsillectomy patients for preventing vomiting, reducing pain,
shortening time to first liquid intake, or the incidence of voice change.
Anesth Analg 2007; 104:1052–1058.

18 Coloma M, Duffy LL, White PF, et al. Dexamethasone facilitates discharge
after outpatient anorectal surgery. Anesth Analg 2001; 92:85–88.

19 Yeager MP, Guyre PM, Munck AU. Glucocorticoid regulation of the
inflammatory response to injury. Acta Anaesthesiol Scand 2004; 48:799–
813.

20 Dimopoulou I, Armaganidis A, Douka E, et al. Tumor necrosis factor-alpha
(TNF- alpha) and interleukin-10 are crucial mediators in postoperative
systemic inflammatory response and determine the occurrence of
complications after major abdominal surgery. Cytokine 2007; 37:55–61.

21 Schneemilch CE, Schilling T, Bank U. Effects of general anaesthesia on
inflammation. Best Pract Res Clin Anaesthesiol 2004; 18:493–507.
nauthorized reproduction of this article is prohibited.
Eur J Anaesthesiol 2013; 30:1–8



Copyr

CE: Namrta; EJA/200997; Total nos of Pages: 8;

EJA 200997

8 Ionescu et al.
22 Jawa RS, Kulaylat MN, Baumann H, Dayton MT. What is new in cytokine
research related to trauma/critical care. J Intensive Care Med 2006;
21:63–85.

23 Nathan C. Points of control in inflammation. Nature 2002; 420:846–852.
24 Levy JH, Tanaka KA. Inflammatory response to cardiopulmonary bypass.

Ann Thorac Surg 2003; 75:S715–S720.
25 El Azab SR, Rosseel PMJ, de Lange JJ, et al. Dexamethasone decreases the

pro-inflammatory to anti-inflammatory cytokine ratio during cardiac surgery.
Br J Anaesth 2002; 88:496–501.

26 Lyons A, Kelly JL, Rodrick ML, et al. Major injury induces increased
production of interleukin-10 by cells of the immune system with a negative
impact on resistance to infection. Ann Surg 1997; 226:450–458.

27 Mokart D, Leone M, Sannini A, et al. Reduced interleukin-12 release from
stimulated monocytes in patients with sepsis after major cancer surgery.
Acta Anaesthesiol Scand 2010; 54:643–648.

28 Chen Q, Rabach L, Noble P, et al. IL-11 receptor in the pathogenesis of IL-13-
induced inflammation and remodeling. J Immunol 2005; 174:2305–2313.

29 Ke JJ, Zhan J, Feng XB, et al. A comparison of the effect of total intravenous
anaesthesia with propofol and remifentanil and inhalational anesthesia with
isoflurane on the release of pro- and anti-inflammatory cytokines in patients
undergoing open cholecystectomy. Anaesth Intensive Care 2008; 36:
74–78.
ight © European Society of Anaesthesiology. Una
Eur J Anaesthesiol 2013; 30:1–8
30 Shenkin A, Fraser WD, Series J, et al. The serum interleukin 6 response to
elective surgery. Lymphokine Res 1989; 8:123–127.

31 Cruickshank AM, Fraser WD, Burns HJ, et al. Response of serum
interleukin-6 in patients undergoing elective surgery of varying severity. Clin
Sci (Lond) 1990; 79:161–165.

32 Gilliland HE, Armstrong MA, Carabine U, McMurray TJ. The choice of
anesthetic maintenance technique influences the anti-inflammatory
cytokine response to abdominal surgery. Anesth Analg 1997; 85:1394–
1398.

33 Haynes R. Adrenocorticotropic hormone: adrenocortical steroids and their
synthetic analogs-inhibitors of the synthesis and actions of adrenocortical
hormones. In: Goodman Gilman A, Gilman LS, Rall TW, Murad F, editors.
The pharmacological basis of therapeutics, 8th ed. New York: Pergamon
Press; 1990. pp. 1447–1448.

34 Sánchez-Rodrı́guez PE, Fuentes-Orozco C, González-Ojeda A. Effect of
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