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Background. Intraoperative stress may suppress the adaptive immune system. Abolished

proinflammatory lymphocyte function is associated with higher risk of infection and postopera-

tive complications. We hypothesized that thoracic epidural anaesthesia (TEA) reduces intra-

operative stress and thus attenuates lymphocyte decrease and impairment of proinflammatory

lymphocyte function.

Methods. Fifty-four patients undergoing major abdominal surgery who had a thoracic epidural

catheter inserted were studied. In the TEA-I group, this catheter was used for intraoperative

analgesia, whereas the TEA-P group received systemic opioids during surgery. In both groups,

patient-controlled epidural analgesia was used for postoperative pain management. Blood

samples for immune analyses were obtained before induction of anaesthesia, 2 h after skin

incision, and at days 1 and 4 after surgery. Lymphocyte subpopulations, expression of human

leucocyte antigen (HLA)-DR on monocytes, plasma concentrations of interleukin (IL)-10, inter-

feron-g (IFN-g), and IL-12, and concanavalin-A-stimulated concentrations of IFN-g and IL-10

were measured. Intraoperative data including bispectral index and plasma concentrations of

epinephrine/cortisol were analysed; APACHE-II, SAPS II, and additional postoperative data

were documented.

Results. Plasma concentrations of epinephrine and cortisol were significantly lower in the

TEA-I patients during surgery. IFN-g/IL-10 ratio was significantly higher in the TEA-I group

from 2 h after skin incision until day 1. Lymphocyte numbers and T-helper cells were signifi-

cantly higher in the TEA-I group at day 1, whereas no significant differences were detected

among IL-12, HLA-DR, and postoperative clinical course.

Conclusions. Intraoperative use of thoracic epidural catheter reduced stress response and

prevented stress-induced perioperative impairment of proinflammatory lymphocyte function.
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Major surgery and associated acute stress response cause

extensive immunological changes.1 – 3 Stress hormones epi-

nephrine and cortisol play a key role in stress-induced sup-

pression of the adaptive (acquired) immune system.4 5

Attenuation of stress response by postoperative epidural

anaesthesia (EA) has shown beneficial effects such as

lower pain scores and less immunological alterations.6 – 9
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Therefore, additional reduction of perioperative stress by

combined general anaesthesia and EA during surgery may

lead to further beneficial effects.

Some recently published trials investigated the effects of

intraoperative use of additional EA on cytokines of the

innate immune system and on circulating lymphocyte sub-

populations.10–14 To the best of our knowledge, proinflam-

matory lymphocyte function, playing a crucial role in

immune defence,15–17 has not been evaluated in this context

so far. In addition, lymphocyte subpopulations and human

leucocyte antigen (HLA)-DR expression on monocytes have

been monitored only after operation, but not intraoperatively.

The aim of this randomized, controlled pilot trial was to

examine the effects of additional intraoperative thoracic

EA on the release of stress hormones, HLA-DR expression

on monocytes, circulating lymphocyte subpopulations, and

associated pro- (interferon-g/IFN-g, interleukin-12/IL-12)

and anti-inflammatory (IL-10) cytokines during surgery,

and in the early postoperative phase.

Methods

The study was approved by the local institutional ethics

committee, and it has been performed in accordance with

the ethical standards laid down in the 1964 Declaration of

Helsinki. Written informed consent was obtained from all

patients.

Sixty adult patients, ASA I–II, undergoing major

abdominal surgery, were enrolled. Exclusion criteria

were contraindications for receiving EA, pre-existing

cardiovascular diseases, preoperative treatment with

opioids, non-steroidal anti-inflammatory drugs, or other

immunomodulatory substances.

All patients received midazolam 7.5 mg orally 1 h

before surgery. Before induction of anaesthesia, an epi-

dural catheter was inserted between segments Th7/8 and

Th12/L1 (depending on the surgical procedure) using the

midline approach and loss-of-resistance technique. General

anaesthesia was induced by thiopental 3–5 mg kg21 and

fentanyl 1.5–2.0 mg kg21. Cisatracurium 0.1–0.2 mg kg21

or succinylcholine 1.0–1.5 mg kg21 was given to facilitate

orotracheal intubation.

Patients were then assigned to two groups by

closed-envelope randomization. In both groups, anaesthe-

sia was maintained with isoflurane in oxygen/air mixture.

Patients were normoventilated, depth of anaesthesia was

controlled by Bispectral Index (BIS, Aspect Medical

Systems, Natick, MA, USA), and isoflurane concentration

was adjusted to keep BIS between 40 and 50.

Group 1 (TEA-I) received additional intraoperative

thoracic EA (TEA). Thirty minutes before skin incision,

sufentanil 1 mg ml21 in ropivacaine 0.2% was adminis-

tered epidurally as a bolus of 8 ml, followed by continuous

infusion of 6 ml h21. If analgesia seemed to be insuffi-

cient by clinical signs, a second bolus of 6 ml was given.

In the case of persisting clinical signs for insufficient

analgesia, patients were excluded from the study and

received fentanyl i.v. to ensure appropriate analgesia.

Group 2 (TEA-P) received isoflurane–fentanyl anaesthe-

sia. Fentanyl 4–6 mg kg21 i.v. was injected 20 min before

skin incision. Insufficient intraoperative analgesia, measured

by clinical signs, was treated by additional application of

fentanyl at the discretion of the anaesthetist. At the begin-

ning of peritoneal closure, 8 ml of ropivacaine/sufentanil

solution (see above) was injected as bolus into the epidural

catheter, followed by continuous infusion of 6 ml h21.

Both groups received patient-controlled EA (PCEA) for

postoperative pain therapy (starting with basal rate of

6 ml h21, patient-controlled bolus 4 ml, maximum number

of bolus requests 3 h21) and were cared for by a dedicated

24 h Acute Pain Service. Basal rate and bolus dose were

adjusted according to pain, as measured by visual ana-

logue scale. In the case of no longer need for EA treat-

ment, the catheter was removed—as it was in the case of

suspected dislocation—and the following measurements

were not performed.

Duration of surgery, concentration of end-expiratory

isoflurane/BIS values/heart rates (at skin incision and

40 min after surgery), postoperative clinical data including

PCEA details until day 1, APACHE-II score18 (first 24 h

at ICU), and SAPS-II score19 (daily until one group con-

sisted of less than five ICU patients) were documented.

Blood was drawn at baseline [before placement of epi-

dural catheter, measurement (M) 1], 2 h after skin incision

(M2, ‘surgery’), and at postoperative days 1 (M3) and 4

(M4). Samples for stress hormone measurements were

obtained at baseline (M1) and 40 min after skin incision

(M5). Numbers of leucocytes were counted by Cell-Dyn

1600 cell counter (Abbot Diagnostics, Abbot Park, IL,

USA). Samples were processed according to manufacturer’s

instructions for flow cytometry analyses and cell surface flu-

orescence was measured in a FACScan cytometer (Becton

Dickinson, San Jose, CA, USA). White blood cell differen-

tial blood count was analysed by CD14 and CD45 pattern.

Lymphocyte subpopulations were defined as follows.

T-helper (T4) cells¼positive for CD3 and positive for

CD4 (CD3þCD4þ), T-suppressor (T8) cells¼CD3þCD8þ,

natural killer (NK) cells¼CD32CD16/56þ, gd-T-cells

¼CD3þTCRgdþ (all antibodies from Becton Dickinson).

Blood was incubated (378C, 5% CO2) in RPMI 1640

plus Concanavalin-A (Con-A, both from Sigma-Aldrich,

St Louis, MO, USA) 24 h for in vitro lymphocyte stimu-

lation. In addition, blood was centrifuged immediately

after withdrawing for measurement of in vivo plasma con-

centrations. The centrifuged supernatant was frozen until

further processing. IL-10, IFN-g, and IL-12 were analysed

by enzyme-linked immunosorbent assays according to man-

ufacturer’s instructions (Pharmingen, San Diego, CA, USA)

at a MR5000 photometer (Dynatech, Billingshurst, UK).

Stress hormone analyses: blood samples were centri-

fuged and stored frozen until further processing.
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Plasma cortisol was measured with radio immunoassays

(Diagnostic Products Corporation, Los Angeles, CA,

USA), epinephrine was measured by a single isotope deri-

vate method and high pressure liquid chromatography

(Chromsystems, Munich, Germany).

Data were processed using the ‘Statistical Package for

the Social Sciences’, Version 14.0 (SPSS Inc., Chicago, IL,

USA). Absolute numbers of lymphocytes and lymphocyte

subpopulations were derived from leucocyte counts and the

per cent distribution measured by flow cytometry.

Stimulated cytokines were standardized for 1000 lympho-

cytes and IFN-g/IL-10 ratio was calculated. Immunological

data (M2–M4) were adjusted for M1 and logarithmized

because of asymmetric distribution. Intraoperative and early

postoperative immunological data (M1–M3) were then ana-

lysed by general linear model (GLM) for repeated measure-

ments. Post hoc analyses of M1–M3 and immunological

differences at M4, concentration of stress hormones at M5,

and other interval scaled data were performed by unpaired

Student’s t-test. Mann–Whitney test (corrected for repeated

measurements) was used to compare ordinal scaled data;

Fisher’s exact test was used for analyses of nominal scaled

data. A P-value of ,0.05 was considered significant.

Results

Three patients in each group were excluded because of

problems during catheter placement (n¼5) or suspected

catheter dislocation during surgery (n¼1). Thus, each

group consisted of 27 patients, respectively. Seven patients

in the TEA-I group (three at day 1, one at days 2 and 3,

respectively, and two at day 4) and five patients in the

TEA-P group (two at day 1, one at day 2, and two at day 3)

had to quit the trial ahead of schedule because of removed

catheters (no significant difference between the groups).

No significant differences were found concerning sex,

age, height, weight, potential immunosuppressive conco-

mitant diseases (alcohol abuse and diabetes mellitus),

type, and duration of surgery (Table 1).

Intraoperative BIS values, concentration of end-expiratory

isoflurane and heart rates, length of stay (LOS) on ICU,

hospital LOS, readmission to ICU or redo-surgery, survival

rates, PCEA consumption/pain scores during first 24 h after

surgery, APACHE-II scores, SAPS-II scores at post-

operative days 1–3, and rate of postoperative infections

were also not significantly different (Table 2).

Forty minutes after skin incision, an increase in cortisol

(P¼0.016) and epinephrine (P¼0.036) was significantly

attenuated in the TEA-I group (Fig. 1).

In the TEA-I group, significantly higher con-A-stimulated

IFN-g/IL-10 ratio was found in GLM (P¼0.017), in post

hoc analyses 2 h after incision (P¼0.009) and on day 1

(P¼0.01). This effect was mainly a result of a significant

decrease of IFN-g in TEA-P (GLM: P¼0.003), but not of

differences of IL-10 release (Fig. 2). Standardization to

1000 lymphocytes also revealed significant differences in

concentration of IFN-g in GLM (P¼0.01), post hoc ana-

lyses failed to reach level of significance at single measure-

ments (surgery: P¼0.051, day 1: P¼0.057, Table 3).

Plasma (in vivo) IFN-g/IL-10 ratio was also significantly

higher in the TEA-I group during surgery (P¼0.01). In

contrast to stimulated cytokine analyses, this effect was a

result of significantly higher concentration of IL-10 in the

TEA-P patients (GLM: P¼0.012, surgery: P¼0.056).

HLA-DR expression and plasma concentration of IL-12

decreased in all patients without significant differences

between the groups (Table 3).

Number of circulating total lymphocytes and number of

nearly all subpopulations (except increasing NK cell

numbers in the TEA-P group during surgery) decreased

in both groups without significant differences in GLM.

Post hoc analyses revealed significantly lower numbers of

T4 cells in the TEA-P group at day 1 (P¼0.036, Table 4).

Table 2 Intra- and postoperative clinical data. Data are presented as median

(IQR); BIS, bispectral index; HR, heart rate; 24 h, first 24 h after surgery;

VAS, visual analogue scale; PCEA, patient-controlled epidural analgesia;

ICU, intensive care unit; n, number of patients; TEA-I, intraoperative and

postoperative TEA; TEA-P, only postoperative TEA

TEA-I TEA-P

Surgery (min) 228 (135, 267) 236 (145, 302)

BIS (at incision) 44 (36, 58) 42 (39, 48)

BIS (40 min) 43 (36, 50) 45 (42, 49)

Isoflurane (incision) (%) 0.8 (0.6, 0.9) 0.7 (0.6, 0.8)

Isoflurane (40 min) (%) 0.8 (0.7, 0.9) 0.8 (0.7, 0.9)

HR (incision) (beats min21) 72 (63, 96) 63 (57, 75)

HR (40 min) (beats min21) 84 (72, 93) 79 (71, 84)

24 h max pain (VAS) 20 (10, 30) 20 (0, 30)

24 h PCEA (ml) 130 (106, 149) 143 (104, 163)

APACHE II score 8 (5, 11) 7 (6, 9)

SAPS II score day 1 14 (8, 27) 17 (9, 23)

SAPS II score day 2 16 (12, 24) 19 (12, 24)

SAPS II score day 3 19 (8, 28) 19 (15, 25)

ICU re-admission (n) 5 3

Redo-surgery (n) 3 2

Infections (n) 3 2

Days on ICU 2 (2, 6) 2 (2, 3)

Hospital days 14 (10, 18) 13 (11, 18)

Survivors (n) 25 26

Table 1 Patient characteristics. Height and weight are presented as mean (SD),

age is presented as mean (range); TEA-I, intraoperative and postoperative

TEA; TEA-P, only postoperative TEA

TEA-I TEA-P

Age (yr) 55 (34–77) 59 (29–80)

Sex (male/female) 16/11 18/9

Height (cm) 172 (7) 171 (8)

Weight (kg) 69 (14) 71 (12)

Concomitant diseases

Alcohol abuse (n) 5 4

Diabetes mellitus (n) 2 5

Type of surgery

Gastrectomy (n) 7 3

Resection of colon (n) 5 4

Rectal resection (n) 4 5

Pancreatectomy (n) 6 10

Others (n) 5 5

Epidural anaesthesia reduces immunosuppression
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Numbers of total lymphocytes (P¼0.097, Table 4),

T8- (P¼0.098), and gd-T-cells (P¼0.087) were also

slightly lower in the TEA-P group at day 1, but failed to

reach the level of significance (data not shown). Analyses

of lymphocyte fractions revealed significantly increased

percentages of NK cells in the TEA-P group during

surgery (P¼0.009, Table 4).

Discussion

It is well established that the normal response to stress is

immunosuppressive, which is on the first glance protective,

but can be harmful in the perioperative setting if pro-

longed and severe.1 Therefore, reduction of perioperative

stress is one of the most important goals for patient care.

The presented data show that additional intraoperative use

of TEA reduces plasma concentrations of stress hormones
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Table 3 Con-A-stimulated cytokines (standardized for 1000 lymphocytes), HLA-DR expression on monocytes and in vivo plasma cytokines. Data are presented as median (IQR); Con-A, concanavalin-A; IFN-g,

interferon-g; IL-10, interleukin-10; HLA-DR, human leucocyte antigen-DR; IL-12, interleukin-12; TEA-I, intraoperative and postoperative TEA; TEA-P, only postoperative TEA. **P,0.05 in GLM, *P,0.05 in

post hoc analysis, †P,0.06 in post hoc analysis

TEA-I TEA-P

Baseline Surgery Day 1 Day 4 Baseline Surgery Day 1 Day 4

IFN-g Con-A (pg 1000 cells21)** 1.4 (0.9, 2.2) 1.3† (1.0, 1.9) 1.7† (1.3, 2.5) 1.5 (1.3, 3.0) 1.4 (1.0, 2.3) 0.9† (0.6, 1.3) 1.4† (0.7, 2.1) 1.6 (1.0, 2.6)

IL-10 Con-A (pg 1000 cells21) 0.3 (0.2, 0.4) 0.4 (0.2, 0.5) 0.4 (0.3, 1.0) 0.3 (0.2, 0.9) 0.3 (0.2, 0.5) 0.4 (0.3, 0.5) 0.6 (0.4, 1.0) 0.5 (0.4, 0.9)

HLA-DR on monocytes (mean) 405 (329, 644) 147 (94, 244) 95 (42, 141) 141 (83, 194) 482 (256, 648) 168 (103, 303) 110 (67, 161) 134 (75, 221)

IL-12 (plasma) (pg ml21) 302 (185, 486) 291 (154, 391) 207 (133, 470) 234 (153, 430) 292 (200, 421) 233 (162, 384) 180 (116, 308) 169 (128, 281)

IFN-g (plasma) (pg ml21) 32 (19, 42) 27 (14, 36) 24 (14, 39) 26 (19, 44) 22 (15, 38) 18 (9, 34) 19 (10, 29) 21 (15, 27)

IL-10 (plasma) (pg ml21)** 12.5 (3.9, 18.9) 11.5† (3.9, 21.6) 15.3 (4.9, 20.7) 15.7 (8.5, 27.0) 3.9 (3.9, 18.4) 15.4† (9.6, 30.6) 10.7 (3.9, 15.7) 9.3 (3.9, 20.2)

IFN-g/IL-10 ratio (plasma) 2.7 (1.7, 4.2) 2.2* (1.2, 3.8) 1.6 (0.9, 4.5) 2.0 (1.2, 5.1) 3.5 (1.3, 5.4) 1.1* (0.5, 1.7) 2.5 (1.0, 4.3) 2.9 (1.7, 4.7)

Table 4 Lymphoctes per nanolitre and lymphocyte subpopulations. Data are presented as median (IQR); TEA-I, intraoperative and postoperative TEA; TEA-P, only postoperative TEA. *P,0.05 in post hoc analysis

TEA-I TEA-P

Baseline Surgery Day 1 Day 4 Baseline Surgery Day 1 Day 4

Total lymphocytes (1 nl21) 1.2 (1.1, 1.6) 1.0 (0.8, 1.3) 1.0 (0.6, 1.5) 0.7 (0.5, 1.3) 1.3 (0.8, 1.5) 0.9 (0.7, 1.2) 0.8 (0.5, 0.9) 0.7 (0.5, 1.1)

T4-lymphocytes (1 nl21) 0.6 (0.4, 0.9) 0.5 (0.3, 0.7) 0.4* (0.3, 0.7) 0.3 (0.2, 0.6) 0.6 (0.3, 0.7) 0.4 (0.3, 0.6) 0.3* (0.2, 0.4) 0.4 (0.2, 0.5)

T4-lymphocytes (% of lymphocytes) 45 (37, 57) 47 (41, 56) 44 (38, 50) 44 (36, 56) 46 (30, 53) 43 (37, 50) 41 (33, 50) 47 (38, 55)

T8-lymphocytes (% of lymphocytes) 22 (18, 29) 21 (16, 25) 26 (19, 32) 21 (16, 27) 25 (18, 29) 23 (18, 32) 23 (16, 30) 23 (15, 27)

gd-T-lymphocytes (% of lymphocytes) 2.2 (1.4, 3.9) 1.5 (1.0, 3.1) 2.5 (1.5, 3.8) 2.0 (1.0, 2.6) 2.4 (1.1, 4.5) 1.9 (0.8, 5.2) 1.8 (0.8, 3.7) 1.6 (0.7, 3.2)

Natural killer cells (% of lymphocytes) 13 (6, 18) 14* (9, 19) 11 (8, 15) 11 (7, 13) 12 (9, 18) 18* (13, 25) 13 (9, 20) 10 (5, 14)

T4/T8 ratio 2.2 (1.5, 3.1) 2.4 (1.7, 3.3) 1.9 (1.4, 2.5) 2.5 (1.3, 3.2) 1.8 (1.3, 3.2) 1.6 (1.2, 2.9) 1.7 (1.0, 3.4) 2.1 (1.5, 3.7)
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epinephrine and cortisol. Moreover, intraoperative TEA

resulted in altered innate and adaptive immune responses,

characterized by less depressed T4 cell numbers, main-

tained capacity of T-cells to produce IFN-g, lower circulat-

ing plasma concentration of IL-10, higher ratio of IFN-g/

IL-10, and lower percentages of circulating NK-cells.

Intra- and postoperative decrease of monocyte HLA-DR

expression was not influenced by intraoperative TEA,

whereas the decrease of IL-12 plasma concentration was

slightly attenuated.

Attenuated postoperative decline of total lympho-

cytes8 11 13 and T4-cells8 13 by the use of intraoperative, post-

operative, or both EA has been described in patients

undergoing major surgery. In contrast, reduced postoperative

HLA-DR expression on monocytes was not attenuated by

intraoperative EA.12 14 These postoperative findings are con-

cordant with our results. Intraoperative measurement

of lymphocyte subpopulations and HLA-DR-expression with

or without intraoperative TEA has not been performed so far.

This is the first trial, which evaluated con-A-stimulated

IFN-g and IL-10 release and plasma concentrations of

IL-12 and IFN-g as a measure of adaptive immunity in

patients undergoing intraoperative EA. Three studies

described different influences of intraoperative EA on

plasma concentration of IL-10.12 – 14 In one study, intra-

and postoperative increase of IL-10 was attenuated by the

use of intraoperative EA14 in patients undergoing cardiac

surgery. In contrast, no effect of EA on postoperative

IL-10 was found in two studies with patients undergoing

gastrectomy or radical oesophagectomy.12 13 Two of the

aforementioned studies also showed conflicting results

with regard to cortisol and epinephrine release: Volk and

colleagues14 described attenuated increase of cortisol and

epinephrine, which is consistent with the presented data. In

contrast, cortisol increase of patients undergoing radical

oesophagectomy was not altered by the use of two epidural

catheters to ensure a block from dermatomes C3–L4.13

The presented results are in accordance with described

other stress-induced immune responses. Stress-induced transi-

ent increase of NK cells and decrease of T4-cells, total lym-

phocytes, IFN-g/IL-10 ratio, and IL-12 has been described in

patients undergoing therapeutic whole body hyperthermia.4

Increase of NK cells was also found in rats during swim

stress20 and in healthy volunteers during aerobic exercise.21

In addition, psychological stress caused reversible decrease

of T4-cells and plasma IFN-g/IL-10 ratio.22 23

Interactions of cortisol and epinephrine with the adap-

tive immune system are well known. Lymphocyte

migration out of the blood flow towards skin, bone

marrow, lung, and gut is caused by cortisol, whereas

stimulation of b2-receptors on lymphocytes by epinephrine

leads to mobilization of lymphocytes from endothelial

cells into the blood flow.24 25 As density of b2-receptors is

high on NK cells, and low on T4-cells,26 NK cells may be

able to compensate number of migrating cells transiently.

In addition, apoptosis of T-lymphocytes (but not of NK

cells) is increased by cortisol, whereas T4-cell prolifer-

ation is decreased by epinephrine.27 28 The change towards

an anti-inflammatory pattern of cytokines in our patients is

also similar to known effects of stress hormones.

Epinephrine and cortisol suppress plasma concentrations

of IL-12 and IFN-g and reduce IL-12 receptors on pro-

inflammatory T4 (TH1)-cells, while production of IL-10

is increased and TH2-proliferation is stimulated.5 26 29

As IFN-g plays a crucial role in proinflammatory adaptive

immune defence, lack of IFN-g may lead to an increased

risk of infection.15 17 In addition, reduced plasma concen-

tration of IFN-g and direct stimulation by catecholamines

and cortisol have been described to cause impairment of

NK cell activity—in spite of transiently increased NK cell

numbers during stress.26 30 Animal experiments indicate that

stress-induced immunosuppression after stroke, which led to

spontaneous occurrence of pneumonia, is mainly due to

impairment of IFN-g release. IFN-g secretion was restored

and occurrence of pneumonia decreased only by beta-

blocking agents but not glucocorticoid receptor antagon-

ists.15 It is therefore reasonable that the preserved capacity

of T4-cells to produce IFN-g by intraoperative EA was

mainly due to attenuation of sympathetic activation and less

due to inhibition of cortisol. One might speculate that pres-

ervation of IFN-g production by T4-cells may be favourable

with regard to postoperative risk of infections. However,

one limitation of the presented pilot study is the small

sample size, which does not allow definite conclusions on

differences in postoperative course of patients with regard

to the described immunosuppression.

Intraoperative BIS values, concentration of end-expiratory

isoflurane, and heart rates were not different between both

groups—at the same time, when the stress hormones were

significantly higher in the TEA-P patients, heart rates were

even slightly lower in this group. This may indicate that

patients underwent severe stress reactions with the described

resulting immunosuppression, which were not noticeable by

standard monitoring during general anaesthesia.

In summary, intraoperative use of TEA diminishes

stress reactions and thus attenuates perioperative suppres-

sion of the adaptive immune system.
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