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Abstract: The effect of epidural analgesia combined with in- 
halational anesthesia on the perioperative immune response 
was measured by using two-color analysis for the classification 
of functional lymphocyte subpopulations. Twenty-eight pa- 
tients undergoing upper abdominal surgery were divided into 
four groups: group 1, isoflurane and with N20; group 2, sevo- 
flurane with N20, group 3, epidural analgesia plus isoflurane 
with N20; and group 4, epidural analgesia and sevoflurane 
with N20. Peripheral lymphocyte subpopulations were meas- 
ured before, during, and after the operation by using anti-CD4 
and anti-CD8 monoclonal antibodies. Moreover, two-color 
analysis was performed using two kinds of monoclonal anti- 
bodies: anti-CD4 and anti-CD29W, and anti-CD4 and anti- 
CD45R. A decrease in CD4 + cells and CD4 + CD29W + cells 
(helper-inducer T lymphocytes) was observed after the opera- 
tion in groups 1, 2, and 4. Additionally, stress hormones such 
as epinephrine (EP), norepinephrine (NE), and cortisol (CO) 
were measured. EP was increased during and after the opera- 
tion in groups 1 and 2, and after the operation in group 4, but 
the level was maintained throughout the study in group 3. In 
conclusion, prevention of noxious stimuli originating from 
operative fields by epidural block could prevent the increase in 
EP and the reduction of helper-inducer T cells in patients 
undergoing upper abdominal surgery. 
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Introduction 

There  have been many studies showing that anesthesia 
and surgery depress immunological functions [1-3]. De- 
pression of immune responses may decrease host de- 
fense ability, subsequently increasing the possibility of 
postoperative infection, and it affects the anti tumor sys- 
tem, thus inducing proliferation of neoplasms [4-7]. 
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Several investigators have pointed out that surgical 
injuries play more important roles than anesthesia in 
the mechanism of immunological depression [8-9]. A 
principal product  of surgical injury is the pain originat- 
ing from the operative field. If the pain could be 
blocked by local analgesia, the immune response could 
be improved. In the present study, the effects of epi- 
dural analgesia combined with inhalational anesthesia 
on the immune response were measured in patients 
with upper abdominal operations. 

Materials and methods  

Twenty-eight adult patients who underwent radical 
removal of gastric cancer were selected for the study. 
All patients were classified as ASA 1, without cir- 
culatory, respiratory, and/or metabolic diseases. They 
were informed of the details of the study and prior 
consent was obtained in writing. The patients were 
divided into 4 groups on the basis of anesthesia meth- 
ods: group 1 was comprised of six patients given iso- 
flurane and nitrous oxide, group 2 of six patients given 
sevoflurane and nitrous oxide, group 3 of eight patients 
given isoflurane/nitrous oxide combined with epidural 
analgesia, group 4 of eight patients given sevoflurane/ 
nitrous oxide combined with epidural analgesia. 

Anesthesia protocol 

All patients received atropine sulfate, 0.5 mg, as pre- 
medication 1 h before induction of anesthesia, after 
having fasted overnight. They were brought to the op- 
erating room at 8 a.m. and catheters were introduced 
via the cubital vein and radial artery under local 
anesthesia. A cuff was attached to the opposite upper 
arm to measure arterial blood pressure. Three elec- 
trodes were attached to the chest to monitor a standard 
lead II electrocardiogram. Blood pressure was deter- 



M. Yamaguchi and R. Ogawa: Immune response in surgical patients 65 

mined every 2.5 min by the oscillometeric technique via 
an automatic sphygmomanometer (Type BX-2, Nippon 
Kolin, Tokyo, Japan). Electrocardiograms were dis- 
played on a polygrapy (Life Scope-6, Nihon Kohden 
Kogyo, Tokyo, Japan). Five hundred milliliters of 
isooncotic dextran solution (Saviosol, Midorijuji Phar- 
maceutical, Osaka, Japan) were infused at the rate of 5- 
10 ml.kg-~.h -1 followed by Ringer's lactate solution at 
the rate of 5-10ml.kg-l.h -~ during the study. After 
preparation for monitoring, all patients were positioned 
in the right lateral position and the skin of the back was 
sterilized and draped. Lidocaine 1% was injected 
intradermally and subcutaneously at T8-9 or T9-10. 
The epidural space was identified with a 17 gauge 
Tuohy needle inserted cephalad by the paramedian ap- 
proach. Entry of the needle point into the epidural 
space was confirmed by the loss of resistance technique 
with a saline-filled syringe. An 18 gauge epidural cath- 
eter (Abbott Ireland, Sligo, Ireland) was inserted 
through the needle and 4-5 cm of the catheter was 
placed into the epidural space. Two milliliters of 2% 
plain mepivacaine were injected as a test dose into the 
epidural catheter with the patient in the supine position 
in groups 3 and 4. The same concentration of plain 
mepivacaine (10-15 ml) was given after 2 min of obser- 
vation. The spread of analgesia was determined by 
noting the loss of sharpness of a pinprick after 15 min. 
The patients showing an analgesia level over T4 were 
given two-thirds of the initial dose at 50- to 60-min 
intervals throughout the operation. In groups 1 and 2, 
saline 10-15 ml was injected into the epidural space as a 
control. General anesthesia was induced by injecting 
thiamylal sodium 5 mg.kg -1 iv, and muscle relaxation 
was obtained by giving vecuronium bromide 0.15 mg. 
kg 1 iv. After placement of an endotracheal tube into 
the trachea, anesthesia was maintained with 1-2 MACs 
of isoflurane or sevoflurane carried by a gas mixture of 
66% N20 and 33% oxygen. The MACs of isoflurane 
sevoflurane with 66% N20 were determined as 0.50% 
and 0.66% respectively, according to instructions issued 
by the manufacturers. The concentration of inhaled 
anesthetic was checked by means of a gas analyzer 
(Anesthetic Gas Monitor Type-1304, Bruel-Kjeer, 
Naerum, Denmark). 

Observation and maintenance of circulation 

Systolic and diastolic blood pressures were obtained 
every 2.5 min, and the mean blood pressure (MAP) was 
calculated mechanically. Heart rates (HR) were also 
recorded every 2.5 min. When MAP declined to under 
50 mmHg, ephedrine hydrochloride 5-10 mg was in- 
jected iv repeatedly to maintain blood pressure. The 
patients who received vasopressors were excluded from 
the study. 

Assay of  stress hormones 

Plasma cortisol (CO) and catecholamines, epinephrine 
(EP) and norepinephrine (NE), were determined as 
indicators of responses to surgical injury. Blood samples 
were taken from the arterial catheter before induction 
of anesthesia, 1 h after the beginning of the operation 
and 1 h after recovery from the operation. Blood for 
catecholamine analysis was collected in heparinized 
glass tubes, while the blood samples for assaying the 
hormones were collected in EDTA-treated tubes. 
These samples were immediately placed on ice and the 
plasma was separated with refrigerated centrifuge. All 
samples were stored at -40~ until the assays were 
performed. EP and NE concentrations were deter- 
mined by high-performance liquid chromatography 
(HPLC). CO concentration was determined by a 
radioimmunoassay technique. 

Subpopulations of  T lymphocytes 

Subpopulations of T lymphocytes were analyzed as a 
quantitative determination of the immune response. In 
the first step, the proportion of inducer/helper T 
lymphocytes (CD4 + cells) and suppressor/cytotoxic T 
lymphocytes (CD8 + cells) were determined by single- 
color analysis. The former is known to stimulate and the 
latter to suppress the immune response. Arterial blood 
was drawn into the heparinized syringe before induc- 
tion of anesthesia, 1 h after the beginning of the opera- 
tion and 1 h after recovery from anesthesia. Monoclonal 
antibodies against cell membrane antigens, anti-CD4 
and anti-CD8 (OKT4-FITC and OKT8-FITC, Ortho 
Diagnostic Systems, Raritan, NJ), were added to the 
blood, which was then incubated to mark cell mem- 
brane. After the lymphocytes were separated by 
washing and centrifugation, subpopulations were deter- 
mined by flow cytometry (FCM-1D, Jasco, Tokyo, 
Japan). 

In the second step, T lymphocytes of system stimulat- 
ing the immune response (CD4 + cells) were separated 
into helper-inducer T cells (CD4+/CD29W + cells) and 
suppressor-inducer T cells (CD4+/CD45R + cells) using 
two-color analysis. The combination of monoclonal an- 
tibodies against cell membrane antigens, anti-CD4 
(CD4-FITC, Becton-Dickinson, Franklin Lakes, N.J.) 
and anti-CD45R (2H4-RD1, Coulter, Miami, Fla.) anti- 
CD4 and anti-CD29W (4B4-RD1, Coulter) was added 
to the withdrawn blood to mark the cells..The 
subpopulations were analyzed by flow cytometry. The 
results were expressed as the proportion of the number 
of cells in each subpopulations to the total number of 
peripheral lymphocytes. 
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Statistical analysis 

Continuous variables were presented as means with 
standard deviations (SDs) when distributions were 
normal. Differences in three or more groups were 
tested by one-way analysis of variance, and Student's 
t-test was used to test the difference between two 
groups when the null hypothesis of equality among 
groups was rejected. In the case of variables expressed 
as a percentage, the difference was assessed by the chi- 
square test. A P-value less than 0.05 was used to reject 
the hypothesis. 

Results 

Age, body weight, body height, duration of anesthesia, 
duration of the operation, bleeding volume, total 
amount of fluid infused during anesthesia, and urine 
output during anesthesia in the four groups are shown 
in Table 1. There were no differences among the four 
groups. The total amounts of inhalational anesthetics 

administered were 10.52 ___ 2.34 MAC.h in group 1, 7.75 
___ 1.12 MAC-h in group 2, 8, 84 _+ 1.72 MAC.h in group 
3, and 7.94 _+ 1.93 MAC.h  in group 4. There was no 
difference among the four groups. 

MAP and H R  are shown in Table 2. MAP was signifi- 
cantly lower in groups 3 and 4 during the operation than 
in the preanesthetic controls and matched groups with- 
out epidural block. 

The changes in stress hormone concentration are 
shown in Table 3. Plasma EP concentration increased 
significantly in groups 1 and 2 during the operation, 
followed by a marked elevation 1 h after recovery from 
anesthesia. No changes were observed in groups 3 and 4 
(with epidural analgesia) during the operation. A slight 
increase was obtained in group 4 at 1 h after recovery 
from anesthesia (Fig. la). Plasma NE was significantly 
increased in groups 1 and 2 during the operation and 
after recovery from anesthesia. Significant increases 
were observed in groups 3 and 4 after recovery from 
anesthesia. There were no differences in NE levels 
among the four groups after recovery from anesthesia 
(Fig. lb). The plasma cortisol level increased signifi- 

Table 1. Patient characteristics of the four groups and variables in anesthesia 

Group no. 1 2 3 4 
(n) (6) (6) (8) (8) 

Anes the t i c  I +  N S + N  I + N  + E S +  N + E 
Age (years) 51.4 + 5.31 55.4 + 3.26 56.0 + 9.10 51.8 + 3.97 
Weight (kg) 58.0 + 3.03 51.6 + 7.79 58.6 + 11.68 53.0 + 6.60 
Height (cm) 164.8 + 5.27 161.4 + 7.78 161.0 + 12.57 160.8 + 5.50 
Anesthesia time (min) 285 + 30.0 246 + 25.6 267 + 39.6 263 + 40.2 
Operation time (min) 196 + 27.9 184 + 19.8 192 + 38.8 203 + 41.3 
Blood loss during operation (g) 706 + 288.4 636 + 233.5 676 006 724 +__ 260.1 

300.5 
Infused volume during anesth. (ml) 2654 + 816.0 2456 + 357.0 2950 + 699.0 3052 + 540.0 
Urine volume during anesthesia. (ml) 260 + 87.5 226 + 93.2 143 + 104.0 346 _+ 253.0 

Values are mean + SD. 
I, isoflurane; S, sevoflurane; N, nitrous oxide; E, epidural anesthesia. 

Table 2. Time course of the changes in mean arterial pressure and heart rate 

Pre-anesthetic During anesthetic Post-anesthetic 

G r o u p  1 M A P  ( m m H g )  97 + 8.4 93 + 5.7 91 + 6.5 
(n = 6) HR (bpm) 74 + 12.2 77 + 13.8 77 + 16.1 

Group 2 MAP (mmHg) 101 + 8.9 93 + 5.7 92 + 5.7 
(n = 5) HR (bpm) 73 _+ 11.8 78 + 9.3 76 _+ 14.1 

Group 3 MAP (mmHg) 97 ___ 13.5 75 + 13.5 *'# 87 + 2.7 
(n = 8) HR (bpm) 76 + 10.8 78 ___ 5.8 80 + 14.1 

Group 4 MAP (mmHg) 93 + 4.5 76 + 10.8 *'~ 94 + 17.5 
(n = 8) HR (bpm) 81 + 18.0 73 + 10.1 73 + 13.3 

Values are mean + SD. 
MAP, mean arterial pressure; HR, heart rate. 
*P < 0.05 v s  control. 
# P  < 0.05 v s  groups 1 and 2. 
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Table 3. Time course of the changes in stress hormone 
concentrations 

Groupno. Pre-anesthetic During anesthetic Post-anesthetic 

EP (ng/ml) 1 0.04 _+ 0.020 0.08 + 0.048 *'e 0.22 + 0.188 *'# 
2 0.03 _+ 0.017 0.09 _+ 0.032 *,# 0.23 _+ 0.130 *'# 
3 0.03 _+ 0.011 0.02 _+ 0.011 0.05 _+ 0.037 
4 0.02 + 0.014 0.03 + 0.020 0.07 + 0.024* 

NE (ng/ml) 1 0.14 _+ 0.049 0.31 _+ 0.230 *'# 0.56 -+ 0.302* 
2 0.13 _+ 0.063 0.39 + 0.205 *'# 0.70 _+ 0.428* 
3 0.12 _+ 0.044 0. ll  + 0.063 0.54_+ 0.318" 
4 0.13 _+ 0,070 0.11 _+ 0.056 0,57 _+ 0.344* 

CO(gg/dl) 1 10.1 _+ 7 .18  18.7_+4,02 * 25.6_+2,75 * 
2 11.2 _+ 4,49 22.7 _+ 5,55* 28.0 _+ 4.16" 
3 9.6 _+ 3.33 21.2 + 2.76* 25.1 _+ 2.28* 
4 15.3 _+ 4.55 24.1 _+ 1.44" 34.1 _+ 5.69* 

Values are mean _+ SD. 
EP, epinephrine; NE, norepinephrine; CO, cortisol. 
* P < 0.05 vs  control. 
e P < 0.05 v s  group 3 and 4. 
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cant ly  dur ing  the opera t ion  in all four  groups,  fol lowed 
by a fur ther  e levat ion 1 h after recovery  f rom 
anesthesia .  There  was no difference a m o n g  the four  
groups dur ing  the opera t ion  and  1 h after recovery  f rom 
anes thes ia  (Fig. lc) .  

D i s t r ibu t ion  of the subpopu la t ions  of T lymphocytes  
is shown in Tab le  4. The  p ropor t ion  of i nduce r /he lpe r  T 

lymphocytes  (CD4 + cells) decreased significantly in 
groups 1, 2 and  4 after recovery from anesthesia .  How-  
ever, there  was no difference in CD4+/CD8 + rate among  
the four  groups.  The  decrease in CD4 + lymphocytes  
was reflected in a decrease  in he lpe r - induce r  T lym- 
phocytes  (CD4+/CD29W + cells) in groups 1, 2, and  4 
after recovery  f rom anesthesia .  There  was no  difference 

in the p ropor t ion  of suppressor - inducer  T lymphocytes  
(CD4+/CD45R + cells) a mong  the four  groups  (Fig. 
2 a - e ) .  
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Fig. 1. a. Time course of the changes in plasma epinephrine 
concentration. I, isoflurane; S, sevoflurane; N, nitrous oxide; 
E, epidermal anesthetic, h Time course of the changes in 
plasma norepinephrine concentration, c Time course of the 
changes in plasma cortisol concentration. *P < 0.05 v s  control; 
#P < 0.05 v s  groups 3 and 4. Anesthetic administration 
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Table 4. Time course of the changes in lymphocyte subpopulations 

Group no. Pre-anesthetic During anesthetic Post-anesthetic 

CD4 + (%) 1 42.2 + 8.38 36.4 + 6.90 35.0 + 7.68* 
2 42.3 _+ 7.29 36.0 + 6.85 33.7 + 6.85* 
3 42.8 + 8.70 44.6 + 7.52 38.0 + 11.43 
4 40.0 + 6.17 39.6 + 5.12 27.8 _+ 8.78* 

CD8 + (%) 1 19.1 + 4.10 21.1 + 3.89 17.2 + 4.34 
2 24.0 + 7.86 24.4 + 6.94 19.9 + 6.78 
3 23.1 _+ 5.03 24.5 + 4.70 20.0 + 4.94 
4 26.6 + 5.32 28.2 + 4.46 27.8 + 6.18 

CD4+/CD8 + rate 1 2.44 + 1.146 1.82 ___ 0.576 2.23 + 0.917 
2 2.05 + 1.072 1.59 + 0.508 2.03 + 1.222 
3 2.07 + 0.724 1.96 + 0.535 2.05 + 0.750 
4 1.46 + 0.558 1.48 + 0.488 1.12 + 0.725 

CD4+/CD29W § (%) 1 26.6 + 6.70 24.1 _+ 5.40 19.9 + 4.35* 
2 27.1 + 5.25 23.1 + 7.30 18.6 + 5.36* 
3 24.1 + 6.62 25.9 + 7.84 20.3 + 5.48 
4 26.0 + 4.95 25.6 + 4.73 17.3 + 5.76* 

CD4+/CD45R § (%) 1 12.3 + 3.46 11.0 + 2.70 13.3 + 5.43 
2 15.3 + 5.54 11.2 + 3.73 14.8 + 4.49 
3 15.1 + 2.77 14.9 + 2.46 14.9 + 2.78 
4 13.5 + 3.05 15.9 + 5.40 9.7 + 3.55 

* P < 0.05 v s  control. 

Discussion 

Modern  surgical t reatments  require prolonged anes- 
thesia and have profound effects on the patients. 
Anesthetics and operat ive injury have been repor ted to 
depress the immunological functions and to increase the 
possibility of bacterial infection and tumor  proliferation 
in the per ioperat ive period [4-7]. 

T lymphocytes are critical in the development  of cell- 
media ted  immune reactions. Functional classification of 
T cells become possible by introducing monoclonal  an- 
tibodies such as the O K T  and Leu series. The subpopul- 
ations of T cells are divided into inducer/helper  T cells 
(CD4 + cells) and suppressor/cytotoxic T cells (CD8 + 
cells). The former  includes lymphocytes which stimu- 
late an immune reaction and the latter contains 
lymphocytes which inhibit immune responses and are 
cytotoxic[10-12]. 

Tokutomi  et al. [13] repor ted  that CD4VCD8* rate is 
significantly decreased in patients anesthetized with 
inhalational anesthetics. Asakura  et al. [14] investigated 
the changes in CD4VCD8 t rate in patients anesthetized 
with enflurane, isoflurane, and sevoflurane combined 
with N20 for various kinds of operations, and found 
that  the rate was significantly decreased in patients who 
were given sevoflurane and N20 anesthesia. These in- 
vestigations were conducted in patients who received 
surgical manipulation, in whom iatrogenic injury was 
possible. Tonnessen et al. [15], Slade et al. [16] and 
Hosokawa  et al. [9] investigated the effects of surgical 

injuries on immune responses and repor ted that the 
CD4* subpopulat ion of T cells was more  markedly re- 
duced in patients receiving major  operations than in 
patients receiving minor operations. Their  results indi- 
cated that serious surgical injuries can severely depress 
immune responses. In the present  study, the proport ion 
of CD4t cells was decreased in groups 1, 2, and 4 after 
recovery f rom anesthesia compared  with the levels be- 
fore anesthesia. CD 1 cells include various subsets which 
have many  functions. The newly developed antibodies 
against cell membrane  antigens, ant i -CD45R and anti- 
CD29W, have made  it possible to separate cells (CD4*, 
CD29W*), which induce helper T cells and B cells, and 
cells (CD4VCD45R*) which induce suppressor T cells 
[17]. 

In the present  study, CD4+/CD29W § cells were sig- 
nificantly reduced in groups 1, 2, and 4 after anesthesia. 
The authors thought the changes in CD4+/CD29W § 
cells important  enough to suggest that depression of 
immune response in may have occurred these three 
groups. On the other  hand, the reduction of T cells 
(CD4 § and CD4+/CD29W § cells) was prevented in 
group 3 patients who received epidural analgesia during 
and after the operation. 

Various kinds of information will be  communicated 
among immune cells such as monocytes,  macrophages  
and lymphocytes when an antigen is taken into the body 
under ordinary circumstances. Cytokines play central 
roles in intercellular communicat ion and immune cells 
react in a stimulating or suppressing way. Immune  cells 
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have many receptors on the cell membrane for various 
substances including cytokines. Neuronal and humoral 
factors infuence the immune reaction through these 
receptors. The well-known factors are EP and CO. 
Bruce et al. [18] reported that the CD4+/CD8 + rate 
decreased quickly when EP was infused into the circula- 
tion in healthy men. Hosokawa et al. [9] found a positive 
correlation between the plasma CO level and the pro- 
portion of inducer/helper T cells (CD4 + cells). How- 
ever, Tonnessen et al. [15] reported that changes in T 
cells appeared after several hours when synthesized 
glucocorticoids were given systemically. 

In the present study, elevated concentrations of EP 
and NE were observed during the operation and after 
recovery from anesthesia in groups 1 and 2 which re- 
ceived inhalational anesthesia. In the groups which re- 
ceived epidural block, a slight but significant rise EP was 
observed in group 4. The CO levels increased markedly 
during the operation and after recovery from anesthesia 
in all four groups. The present study revealed marked 
increase in plasma EP, NE, and CO concentration, and 
concomitantly a reduction of helper/inducer T cells 
(CD4+/CD29W +) in patients who received radical 
gastrectomy. 

Although both groups 3 and 4 received epidural anal- 
gesia, group 4 showed reductions of CD4 + and CD4+/ 
CD29W + cells while group 3 did not. Asakura et al. [14] 
reported that CD4+/CD8 + rate was reduced signifi- 
cantly in patients given sevoflurane and N20 but not in 
patients given isoflurane and N20. This finding suggests 
that sevoflurane has the ability to induce the prolifera- 
tion of T cells directly. 

If  early changes in immune responses are caused by 
the released EP, measures to reduce surgical injury 
could prevent these reactions. Giesecke et al. [19] and 
George et al. [20] reported that a massive dose of 
opioids, morphine or fentanyl, attenuated hormonal re- 
actions through the hypothalamus-pituitary-adrenal 
axis caused by surgical stimulation. There are many 
studies that suggest the superiority of epidural analgesia 
to inhalational anesthesia from the viewpoint of im- 
mune responses [21]. Davis et al. [22] showed that epi- 
dural analgesia decreased the mortality rate among 
geriatric patients with fixation of femoral neck fracture. 
Yeager et al. [23] pointed out a reduction in the rate of 
infection in patients with critical illness who recevied 
surgical treatments under epidural anesthesia and anal- 
gesia. Rem et al. [24] observed a larger number of T 
lymphocytes in patients who received operation under 
epidural analgesia. Tonnessen et al. [25] reported that 
epidural analgesia maintained the function of natural 
killer lymphocytes in patients who received lower ab- 
dominal operations. Epidural analgesia maintained the 
proportion of T cells in patients who were given 

isoflurane anesthesia after recovery from anesthesia in 
the present study. These results supported the findings 
of the earlier reports. 

In conclusion, prevention of noxious stimuli that 
originate from the operative field through epidural 
block could prevent reduction of helper-inducer T cells 
in patients who are receiving upper abdominal opera- 
tions under isoflurane-N20 anesthesia. 
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