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Differences in the Leukocyte Response to Incision During Upper

Abdominal Surgery with Epidural Versus General Anesthesia
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Abstract

Epidural anesthesia attenuates surgical stress responses, such as the immune reaction and
the pituitary hormone response. In the present study, we investigated the leukocyte response
to initial surgical stimulation during upper abdominal surgery. Twenty adult patients
(American Society of Anesthesiologists physical status I～II) undergoing elective upper
abdominal surgery were randomly assigned to an epidural anesthesia group or a general
anesthesia group. An epidural catheter for postoperative pain relief was inserted into all
patients before induction. In the epidural anesthesia group, patients obtained preemptive
analgesia from Th4 to Th12 with 2% mepivacaine, whereas general anesthesia was maintained
with 2 L of oxygen, 4 L of nitrous oxide, and 1% to 3% isoflurane. Changes in the leukocyte
count and leukocyte subset distribution were determined before induction (baseline),
immediately after induction, 5 minutes after induction, 5 minutes after skin incision, and 5
minutes after peritoneal incision. The changes were significantly different between the groups
throughout the observation period (p<0.0001). The general anesthesia group demonstrated an
increase in the leukocyte count compared with the baseline data 5 minutes after skin incision
and 5 minutes after peritoneal incision (p<0.01). Moreover, these counts were significantly
higher in the general anesthesia group than in the epidural anesthesia group (p<0.05). The
subset distributions were also significantly different between the groups throughout the
observation period (p<0.0001). In the general anesthesia group, neutrophils decreased and
lymphocytes increased significantly compared with baseline (p<0.05). Moreover, lymphocyte
distribution was significantly higher in the general anesthesia group than in the epidural
anesthesia group 5 minutes after peritoneal incision. Thus, anesthesia modifies the early
response of leukocytes to surgical stress. The link between the early leukocyte response to
surgery and postoperative outcome is the next subject of investigation.
(J Nippon Med Sch 2006; 73: 4―9)
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Introduction

Patients undergoing major abdominal surgery are
subjected to early surgical stress triggered by
incisions of the skin and peritoneum1. Such stress
induces endocrine and immune responses, which
may affect operative outcomes. Skin and peritoneal
incisions increase levels of pituitary hormones, such
as adrenocorticotropic hormone and arginine
vasopressin1, and increase the response of CD4+ and
CD8+ cells2. Therefore, it is reasonable to perform
proper perioperative care, including anesthesia, in an
attempt to reduce the very early unfavorable events
of abdominal surgery.
Epidural anesthesia is one therapeutic option.

Although they have not been proven in abdominal
surgery3, beneficial effects of epidural anesthesia
over general anesthesia on perioperative outcome
have been demonstrated in major orthopedic
surgery4: a significant decrease in mortality, deep
venous thrombosis, pulmonary embolism, myocardial
infarction, pneumonia, respiratory depression, and
transfusion requirement. Moreover, recent studies
have shown that, in major abdominal surgery,
epidural anesthesia has advantageous effects on
tissue metabolism5, the endocrine response1,6,7, and
the immune response8. However, most of these
studies examined only postoperative events, with
few focusing on the start of surgery1,7.
The purpose of the present study was to

investigate whether epidural anesthesia attenuates
early surgical stress in abdominal surgery when
compared with general anesthesia. To this end, we
used leukocyte counts and subset distributions,
simple indicators of systemic inflammation and
stress in critically ill patients9, to monitor responses
to the initial stress immediately after skin and
peritoneal incisions.

Patients and Methods

This study was approved by Kitamurayama
Hospital, Yamagata, Japan, and informed consent
was obtained from all patients. Twenty adult
patients (American Society of Anesthesiologists

physical status I～II) undergoing elective upper
abdominal surgery were randomly assigned to one
of two groups: an epidural anesthesia group (n=10)
or a general anesthesia group (n=10). Patients with
preoperative signs of infection (leukocyte count
> 10,000�mm3, body temperature > 38℃, and C-
reactive protein > 2 mg�dl) and preexisting renal,
hepatic, or heart disease were excluded.
After intramuscular premedication with 0.5 mg

atropine and 0.06 mg�kg midazolam, an epidural
catheter was inserted into each patient at the Th8-9
or Th9-10 interspace. The tip was advanced 4 to 5
cm into the epidural space. A 22-G Teflon catheter
was placed in the left radial artery under local
anesthesia with 1% lidocaine and used for collecting
blood samples. Infusion was started with 500 ml of
physiological saline with 6% hydroxyethyl starch
(Salinhes; Kyorin Pharmaceutical Co., Ltd., Tokyo,
Japan) followed by sufficient infusion of acetated
Ringer’s solution (Veen F; Nikken Chemicals Co.,
Ltd., Tokyo, Japan) to maintain blood pressure.
Anesthesia was induced with 5 mg of thiamylal and
0.1 to 0.15 mg�kg of vecuronium, after which
tracheal intubation was performed.
In the epidural anesthesia group, a test dose of 2

mL of 1% lidocaine was given via the epidural
catheter to confirm that no intrathecal block
occurred before induction. Five minutes later, 12 ml

of 2% mepivacaine was used to induce analgesia. All
patients in this group had analgesia from at least
Th4 to Th12 within 15 minutes after mepivacaine
administration. After tracheal intubation, all patients
were ventilated with 66% nitrous oxide in oxygen. A
further 6 to 8 ml of 2% mepivacaine was added 40 to
45 minutes after administration of the first 12 ml. In
the general anesthesia group, anesthesia was
maintained with 66% nitrous oxide and 1% to 3%
isoflurane in oxygen. All patients in both groups
were given an adequate amount of morphine and
0.25% bupivacaine via the epidural catheter for
postoperative pain relief. The same surgical team
performed all operations to minimize differences in
surgical technique.
Blood samples were collected from the radial

artery catheter before induction ( baseline ) ,
immediately after induction (time 1), 5 minutes after
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Fig. 1 Leukocyte count before induction (baseline), 

immediately after induction (time 1), 5 minutes 

after induction (time 2), 5 minutes after skin 

incision (time 3), and 5 minutes after peritoneal 

incision (time 4). Two-way repeated measures 

ANOVA　  was　  performed　  to　  determine

significant  differences   (p<0.0001).   *p<0.05 

significant       difference          between          groups, 
##p<0.01 significant difference with baseline.

Table 1 Demographic data of patients

Epidural anesthesiaGeneral anethesia

1010Number of patients

8/24/6Sex (male/female)

67±1062±10Age (years)

59±9 56±13Body weight (kg)

gastrectomy (7)gastrectomy (6)performed surgery

cholecystectomy (3)cholecystectomy (4)

Data are shown as means±SD

induction (time 2), 5 minutes after skin incision (time
3), and 5 minutes after peritoneal incision (time 4).
Leukocyte counts were determined with an analyzer
(Sysmex SE-9000: Sysmex Corp., Hyogo, Japan), and
subset distributions were determined manually
under a microscope.

Statistical Analysis

The Chi-square test was used to estimate
differences in demographic data. Two-way repeated-
measures analysis of variance (ANOVA) was used to
estimate absolute changes in leukocyte counts and
subset distributions in both groups. If a significant
difference was observed, one-way repeated-measures
ANOVA was performed for the same purpose. Post-

hoc analysis was conducted using Fisher’s protected
least significant difference (PLSD) test when a
significant difference was noted. The Mann-Whitney
U-test was performed for comparisons between
groups. The significance level was set at P<0.05.

Results

Demographic data of all patients are shown in
Table 1; there were no significant differences in sex,
age, body weight, and performed surgery between
the groups.
The changes in leukocyte counts were

significantly different between the groups
throughout the observation period (p<0.0001). The
general anesthesia group demonstrated an increase
in leukocytes at skin incision (time 3) and at
peritoneal incision (time 4) compared with the
baseline data (p<0.01). Moreover, these counts were
significantly higher in the general anesthesia group
than in the epidural anesthesia group at these time
points (p<0.05). In the epidural anesthesia group, the
leukocyte counts 5 minutes after induction (time 2)
were significantly lower than those at baseline (p<
0.01) (Fig. 1).
Leukocyte subset distributions were also

significantly different between the groups
throughout the observation period (p<0.0001) (Fig. 2).
In the general anesthesia group, neutrophil counts
decreased and lymphocyte counts increased
significantly compared with those at baseline (p<
0.05) (Fig. 3，4). Moreover, the lymphocyte subset
was significantly higher in the general anesthesia
group than in the epidural anesthesia group at
peritoneal incision (time 4, p<0.05, Fig. 4).

6 J Nippon Med Sch 2006; 73 (1)

C. Kim, et al



Fig. 2 Distribution of the leukocyte subsets before induction (baseline), 

immediately after induction (time 1), 5 minutes after induction (time 2), 5 

minutes after skin incision (time 3), and 5 minutes after peritoneal incision 

(time 4). Two-way repeated-measures ANOVA was performed to 

determine significant differences (p<0.0001).

Fig. 3 Neutrophil count before induction (baseline), 

immediately after induction (time 1), 5 minutes 

after induction (time 2), 5 minutes after skin 

incision (time 3), and 5 minutes after peritoneal 

incision (time 4). ##p<0.01 significant difference 

compared with baseline.

Fig. 4 Lymphocyte count before induction (baseline), 

immediately after induction (time 1), 5 minutes 

after induction (time 2), 5 minutes after skin 

incision (time 3), and 5 minutes after peritoneal 

incision (time 4). *p<0.05 significant difference 

between groups, #p<0.05, ##p<0.01 significant 

difference compared with baseline.

Discussion

We have demonstrated that the leukocyte
response to early stimulation during upper
abdominal surgery differs between epidural
anesthesia and general anesthesia. Leukocyte counts
in the general anesthesia group increased compared

with baseline 5 minutes after skin and peritoneal
incisions. Furthermore, the manner in which
leukocyte subsets changed differed between the
groups. Interestingly, a rapid response was not seen
in the epidural anesthesia group. These findings
suggest that the leukocyte response occurs
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immediately after skin incision and can be modified
by anesthesia.
The influence of anesthesia on leukocyte function

has been examined2,10―14 and was observed at 6 and 9
hours after skin incision. Volatile anesthetics
(halothane, isoflurane, and sevoflurane) prevent
human neutrophil adhesion to endothelial cells in

vitro by reducing neutrophil activity13. Lidocaine, a
local anesthetic, also inhibits human neutrophil
function by suppressing inflammatory cytokines in

vitro11. Both volatile and local anesthetics inhibit
neutrophil function 6 to 9 hours after skin incision.
In this study, we used mepivacaine as a local

anesthetic in the epidural anesthesia group and
isoflurane as a volatile anesthetic in the general
anesthesia group and found that the effects on
neutrophil counts differed between the groups. That
is, the neutrophil subset decreased in the general
anesthesia group. If this decrease resulted from
neutrophil adhesion to endothelial cells, general
anesthesia might maintain neutrophil function;
however, the study design dose not allow us to
determine whether this effect was the result of
suppressed neutrophil activity. The difference in
sampling time compared with earlier studies could
be another reason for the different responses
between the groups. Moreover, the surgical stress
examined here, skin and peritoneal incisions, might
also have had effects different from those in earlier
studies.
Fentanyl and Hypnorm Ⓡ ( the veterinary

equivalent of the human anesthetic thalamonal)
increase leukocyte rolling in rat skin , but
pentobarbital does not12. Thus, pentobarbital was
considered preferable for anesthesia induction in this
study; we used thiamylal, which is pharmacologically
identical to pentobarbital. On the other hand,
vecuronium has been shown to cause a decrease in
total lymphocytes after surgery15. Consequently, it is
possible that vecuronium affected our results, but
we do not believe it induced the differences between
the groups.
In the present study, we focused on the response

immediately after skin incision. To the best of our
knowledge, this is the first study to investigate
leukocyte function at this time. Leukocyte subsets,

on the other hand, have been assessed after surgery
in earlier studies. For example Volk et al. compared
the effects of postoperative epidural analgesia
(continuous infusion of 0.125% ropivacaine and 1.0
µg�ml sufentanil at a rate of 12 ml�h) on leukocytes
and immune function during major spine surgery
with the effects of intravenous analgesia using
morphine16. Immediately after surgery, neutrophils
and monocytes were shown to increase and
lymphocytes were shown to decrease significantly,
but there were no significant differences between
epidural and intravenous analgesia. In abdominal
hysterectomy , epidural anesthesia prevented
postoperative lymphopenia and granulocytosis
induced by general anesthesia10. In contrast, Akural
et al. have shown that both leukocytes and
neutrophils increase under preemptive epidural
analgesia with sufentanil and general anesthesia
( propofol with isoflurane ) during abdominal
hysterectomy, whereas lymphocytes increased
under general anesthesia only 4 hours after
surgery17. Consequently, there is no consensus on
postoperative changes in counts and leukocyte
subset distributions. Here, we found changes
immediately after skin incision. These differences
suggest that there is perioperative dynamic change
in the leukocyte response at the beginning of
surgery that could be modified by anesthesia.
Volk et al. have shown that postoperative epidural

analgesia, but not intravenous analgesia, increases B
cells and the postoperative CD4�CD8 ratio and
decreases natural killer cells16. Although these cells
originate from lymphocytes, there was no significant
difference in the number of leukocytes with either
epidural or intravenous analgesia throughout their
observation . They therefore concluded that
postoperative epidural analgesia is important for
modulating the systemic immune reaction, but they
could not determine why. General anesthesia with
isoflurane has also been shown to induce significant
reductions in the number and function of CD4+ cells
during hysterectomy, whereas epidural anesthesia
with bupivacaine significantly impairs CD8+ cell
function (observation period: 10 minutes and 48
hours after the start of surgery)2. Anesthesia has
also been shown to affect natural killer cell activity,

8 J Nippon Med Sch 2006; 73 (1)

C. Kim, et al



but there is no difference between general and
epidural anesthesia during hysterectomy17 and upper
abdominal surgery (no observation during surgery)18.
Although comparison with our results would be
interesting, we could not evaluate the effects of
epidural analgesia on these immune functions with
our study design. Changes in these immune
functions during surgery, especially immediately
after skin incision, and the effect of anesthesia on
these changes should therefore be investigated in
the future.
In this study, we demonstrated that anesthesia

attenuates the response of leukocytes to surgical
stimulation, i.e., skin and peritoneal incisions.
Neutrophils continued to decrease after skin incision,
while lymphocytes continued to increase in the
general anesthesia group. This finding indicates that
neutrophils were consumed at the site of incision
while lymphocytes were stimulated to initiate
immune functions, suggesting that a stress response,
or immune reaction, is evoked by skin incision or
peritoneal incision or both. This change in leukocyte
subsets did not occur in the epidural anesthesia
group. Despite these findings, we could not
determine whether, in upper abdominal surgery,
epidural anesthesia is superior to general anesthesia
in terms of operative outcome. Further studies
addressing the causal relation between the early
leukocyte response to surgery and postoperative
outcome are therefore necessary.

References

1．Segawa H, Mori K, Kasai K, Fukata J, Nakao K: The
role of the phrenic nerves in stress response in
upper abdominal surgery. Anesth Analg 1996; 82:
1215―1224.

2．Corsi M, Mariconti P, Calvillo L, Falchi M, Tiengo M,
Ferrero ME: Influence of inhalational, neuroleptic
and local anaesthesia on lymphocyte subset
distribution. Int J Tissue React 1995; 17: 211―217.

3．Fotiadis RJ, Badvie S, Weston MD, Allen-Mersh TG:
Epidural analgesia in gastrointestinal surgery. Br J
Surg 2004; 91: 828―841.

4．Rodgers A, Walker N, Schug S, McKee A, Kehlet H,
van Zundert A, Sage D, Futter M, Saville G, Clark T,
MacMahon S: Reduction of postoperative mortality
and morbidity with epidural or spinal anaesthesia:
results from overview of randomised trials. Bmj
2000; 321: 1493―1504.

5．Hosoda R, Hattori M, Shimada Y: Favorable effects
of epidural analgesia on hemodynamics, oxygenation
and metabolic variables in the immediate post-
anesthetic period. Acta Anaesthesiol Scand 1993; 37:
469―474.

6．Kouraklis G, Glinavou A, Raftopoulos L, Alevisou V,
Lagos G, Karatzas G: Epidural analgesia attenuates
the systemic stress response to upper abdominal
surgery: a randomized trial. Int Surg 2000; 85: 353―
357.

7．Naito Y, Tamai S, Shingu K, Shindo K, Matsui T,
Segawa H, Nakai Y, Mori K: Responses of plasma
adrenocorticotropic hormone, cortisol, and cytokines
during and after upper abdominal surgery .
Anesthesiology 1992; 77: 426―431.

8．Beilin B, Shavit Y, Trabekin E, Mordashev B,
Mayburd E, Zeidel A, Bessler H: The effects of
postoperative pain management on immune
response to surgery. Anesth Analg 2003; 97: 822―827.

9．Zahorec R: Ratio of neutrophil to lymphocyte
counts―rapid and simple parameter of systemic
inflammation and stress in critically ill. Bratisl Lek
Listy 2001; 102: 5―14.

10．Rem J, Brandt MR, Kehlet H: Prevention of
postoperative lymphopenia and granulocytosis by
epidural analgesia. Lancet 1980; 1: 283―284.

11．Ohsaka A, Saionji K, Sato N, Igari J: Local anesthetic
lidocaine inhibits the effect of granulocyte colony-
stimulating factor on human neutrophil functions.
Exp Hematol 1994; 22: 460―466.

12．Janssen GH, Tangelder GJ, oude Egbrink MG,
Reneman RS: Different effects of anesthetics on
spontaneous leukocyte rolling in rat skin. Int J
Microcirc Clin Exp 1997; 17: 305―313.

13．Mobert J, Zahler S, Becker BF, Conzen PF:
Inhibition of neutrophil activation by volatile
anesthetics decreases adhesion to cultured human
endothelial cells. Anesthesiology 1999; 90: 1372―1381.

14．Procopio MA, Rassias AJ, DeLeo JA, Pahl J,
Hildebrandt L, Yeager MP: The in vivo effects of
general and epidural anesthesia on human immune
function. Anesth Analg 2001; 93: 460―465.

15．Sanchez Palacios A, Ortiz Ponce M, Rodriguez Perez
A, Schamann Medina F, Garcia Marrero JA:
Modification of mediators of immune reaction after
general anaesthesia. Allergol Immunopathol (Madr)
2004; 32: 352―360.

16．Volk T, Schenk M, Voigt K, Tohtz S, Putzier M, Kox
WJ: Postoperative epidural anesthesia preserves
lymphocyte, but not monocyte, immune function
after major spine surgery. Anesth Analg 2004; 98:
1086―1092.

17．Akural EI, Salomaki TE, Bloigu AH, Ryhanen P,
Tekay AH, Alahuhta SM, Surcel HM: The effects of
pre-emptive epidural sufentanil on human immune
function. Acta Anaesthesiol Scand 2004; 48: 750―755.

18．Tonnesen E, Huttel MS, Christensen NJ, Schmitz O:
Natural killer cell activity in patients undergoing
upper abdominal surgery: relationship to the
endocrine stress response. Acta Anaesthesiol Scand
1984; 28: 654―660.

(Received,
(Accepted,

July
November

29, 2005)
22, 2005)

J Nippon Med Sch 2006; 73 (1) 9

Anesthesia Modifies Leukocytes Response


