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Abstract
  

Background: Epidural use can prevent peri-operative neuro-endocrine stress responses, improve pain after
surgery, and reduce opioid volume which lead to immunosuppression. 

Methods: Forty cases of patients with gastric cancer were �nally enrolled into the study. Patients who
received general anesthesia (GA group, n=20), a combination of general anesthesia and peri-operative
epidural use (EGA group, n=20), were given intravenous analgesia or epidural analgesia, respectively. We
collected visual analogue scale (VAS) scores, length of hospital stay, the �rst passage of �atus time and
incidence of postoperative nausea and vomiting (PONV). We also collected the Cluster of Differentiation
(CD)3+, CD4+, CD8+, CD4+/CD8+, Interleukin (IL)-4, IL-6, Interferon (IFN)-γ before surgery, as well as the
postoperative days 1, 3 ,7. 

Results: VAS scores and PONV in GA group were higher than EGA group in the postoperative 3 days.
CD3+, CD4+, CD4+/CD8+ were declined in the postoperative 3 days, and nearly recovered to the baseline
in the seventh days after surgery in both of the two groups. CD3+ in the GA group decreased more than
EGA group. IL-4, IL-6, IFN-γ were increased in the postoperative 3 days, and nearly recovered to the
baseline in the seventh days after surgery in both of the two groups, IL-4, IL-6 in the GA group increased
more than EGA group. IFN-γ in the EGA group increased more than GA group.

Conclusions: A combination of general anesthesia and peri-operative epidural use can relieve
postoperative pain and PONV. A combination of general anesthesia and peri-operative epidural use
decreases immunosuppression in gastric cancer resection.

Background
The stress response induced by surgery can activate the immune regulation mechanism during the
systemic in�ammatory reaction.[1-4]There are many important roles in tumor microenvironment, such as
cytokines, chemokines, in�ammatory mediators, which are existed in many stages of progression to
metastasis .[5-7]Some clinical events, such as general anesthetics, postoperative pain, opioid analgesia,
are recognized as immunosuppressive, and in�uence on the development of tumor.[8-14]Epidural
anesthesia can reduce cytokines and neuro-endocrine stress immune responses of stimulation, prevent
nerve impulses, decrease the excitability of sympathetic adrenal medulla axis, reduce cortisol production,
improve the function of T lymphocytes.[15, 16] We have demonstrated that a combination of general
anesthesia and peri-operative epidural use were associated with the improved overall survival in patients
in gastric cancer, and the mechanism was presumed to be that local anesthesia can block the afferent
neural input, reduce opioid volume which lead to immunosuppression.[17]So we designed this study to
explore the interaction between epidural use and, cytokines of patients in gastric cancer.

Methods
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Patient identi�cation and exclusion: This is a single-center, prospective, randomized, double-blinded
study. Fifty patients American Society of Anesthesiologists (ASA) I- , undergone gastric resection
between November 12th to December 15th in 2017 were involved in this study. Patients with emergency
operations, laparoscopic procedures, chemotherapy or radiation therapy, abnormally white blood cell
count, peri-operative transfusion were excluded. After understanding of the recruiter’s description of the
trial, all the patients have signed informed consent. Anesthesia and analgesia protocol consisted with the
following standard. Patients were randomly assigned in general anesthesia (GA) group and epidural
anesthesia (EGA) group.

Anesthesia technique and grouping method: On arrival at the operating room, patients were monitored
with electrocardiogram, blood pressure, as well as pulse oximetry. Patients randomly assigned in GA
group had induction of balanced GA with midazolam (Enhua Pharmaceutical Co., Jiangsu, China)
0.05mg/kg, 0.2 μg/kg sufentanil (Renfu Pharmaceutical Co., Beijing, China), 1-1.5mg/kg
propofol(AstraZeneca Pharmaceutical Co., Shanghai, China), and 0.15mg/kg cisatracurium (Hengrui
Medicine Co., Jiangsu, China). Anesthesia was maintained with propofol when bispectral index (BIS) was
40-60, and intraoperative analgesia consisted of remifentanil (Enhua Pharmaceutical Co., Jiangsu,
China). Oesophageal temperature was monitored and maintained above 36℃, Patient-controlled
intravenous analgesia (PCIA) with sufentanil (0.5 μg /ml) for 72-120 hours. The PCIA protocol of
sufentanil group (S group) consisted of 0.5 μg /ml sufentanil (total 300 ml) and a background infusion
rate of 4ml h-1, a bolus dose of 3 ml, with a lockout time of 15 min. Patients in EGA group, were given a
T8-10 epidural anesthesia before general anesthesia.,An infusion of 0.5% ropivacaine (AstraZeneca
Pharmaceutical Co., Shanghai, China) was administered during surgery, and the loading dose was
depend on the height and weight of the patient. GA with midazolam 0.05mg/kg, 0.2 μg/kg sufentanil, 1-
1.5mg/kg propofol, and 0.15mg/kg cisatracurium, anesthesia was maintained with propofol when
bispect ral index (BIS) was 40-60. Patient-controlled epidural analgesia (PCEA) with a combination of
0.2% ropivacaine and 0.5μg /ml sufentanil were given for 72-120 hours. Acute rescue analgesic drugs
could be used when the VAS score was more than 4 and bolus more than 3 times with tramadol 100mg
intravenous injection.

Indicator and data: A physician who was blinded to the group assignment assessed postoperative pain
intensity using visual analogue scale (VAS) at 1, 2, 3 postoperative days, and the demographic data;
cancer stage; degree of differentiation; duration of operation; length of hospital stay, the �rst passage of
�atus time and incidence of postoperative nausea and vomiting (PONV) were recorded. We also collected
the Cluster of Differentiation (CD)3+, CD4+, CD8+, CD4+/CD8+, Interleukin (IL)-4, IL-6, Interferon (IFN)-γ at
the day (d) 0 before surgery and in the postoperative days 1, 3 ,7.

Statistical approach: Statistical analysis was performed using SPSS version 22.0 for Windows (IBM
Corp., USA). Normally distributed data are expressed using as mean ± SD. The GA and EGA groups were
compared using ANOVA, �sher's exact probability test and the 2 test, and P<0.05 were considered as
statistically signi�cant.
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Results
Patient characteristics

Between November 12th to December 15th, 2017, �fty cases of patients were screened for this study,
forty cases of patients were �nally include in this study. Five patients with metastasis, peri-operative
transfusion were excluded. Five patients modi�ed analgesic method because of hypotension, and severe
nausea (Figure 1).The two groups were similar with respect to the demographic data and other surgical
characteristics between the two groups (Table1).

Association between epidural use and postoperative variables

The VAS scores in GA group were higher EGA group in the postoperative 3 days, the incidence of PONV in
EGA group was lower (P<0.05, Table 2). There were no difference in days of analgesia, and the �rst
passage of �rst �atus time, and length of hospital stay. CD3+, CD4+, CD4+/CD8+ were declined in the
postoperative 3 days (P<0.05), and nearly recovered to the baseline in the seventh days after surgery in
both of the two groups. CD3+in GA group decreased more than EGA group (P<0.05, Table 3). IL-4, IL-6,
IFN-γ were increased in the postoperative 3 days (P<0.05, Figure 2, 3, 4), and nearly recovered to the
baseline in the seventh days after surgery in both of the two groups, IL-4, IL-6 in the GA group increased
more than EGA group (P<0.05, Figure 2, 3). IFN-γ in the EGA group increased more than GA group (P<0.05,
Figure 4).

Discussion
In our study, we found a bene�cial effect of epidural use. The VAS scores in GA group were higher than
those in EGA group in the postoperative three days, the incidence of PONV in GA group was higher. It has
been proved that epidural anesthesia can provide better analgesic effect after gastric cancer, the results
were consistent with our study.[18]

Many studies have reported that opioids impair the peri-operative immune system and increase vascular
permeability, and the use of epidural anesthesia may prevent the peri-operative immunosuppressive
changes during major surgery, because it can decrease neuro-endocrine stress responses.[15, 19-
22]Immune surveillance, which is primary indicator for stopping metastasis of tumors, and
immunesuppression may destroyed the defensive barrier.[23] Clinical events that may lead to
immunosuppressive changes facilitated by surgery including injury, pain, anesthesic drugs, and so on.[24-
26] CD3+ T cells are T cells with surface expression of T antigen, which active signal transduction of T
cell antigen receptor. CD4+T cells can assist T cells into B cell transformation. CD8+T cells are mainly
cytotoxic T cells, which can kill tumor cells and have cytotoxic effect. They are the main cells which take
part in anti-tumor immunity.[27] It also has been proved that the ratio of CD4+/CD8+ decreased while the
serum cortisol levels increased.[28, 29]In our study, we found that CD3+, CD4+, CD4+/CD8+ had been
inhibited and appeared a decline trend, all patients’ CD3+ and CD4+ were decreased in different degrees
on the �rst postoperative day, but in GA group, patients’ CD3+ signi�cantly decreased and recovered to
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the preoperative level until the seventh postoperative day. The change of CD8+ was not statistically
signi�cant. These results were consistent with some prior studies,[30, 31]they described a lymphocyte
depressing factor present in serum of patients in GA group, but absent in serum from patients in EGA
group..

Many cytokines can modulate the immune system. Pro-in�ammatory cytokines may favour tumor
progression. The activated biological cascades lead to immunosuppression, which affects immune
response, and decrease in IL-4, and IFN-γ.[32, 33]As a pro-in�ammatory factor, IL-4 stimulates the
proliferation of B cells, and participates in the differentiation of Th2 cells. It has been proved that the
combination of cytokine IL-6 with Prostaglandin 2 can reduce the production of immune factor IL-2 by
Th1 cells and affect the activation of NK cells.[34]IL-6 also promotes growth arrest and angiogenesis
through the induction of vascular endothelial growth factor expression. In our study, the pro-in�ammatory
cytokines of IL-4, IL-6 in GA group increased more than EGA group, which may indicate that immune
function was less suppressed in EGA group. It was reported that the concentration of IL-6 in plasma
increased from two hours until 7 days after surgery, and reached its peak on 24 hours after surgery. [35,
36] IFN-γ can kill tumor cells directly, and translate Th0 cells into Th1 cells, which play a great role in the
activation of NK cells and T cells. The level of IFN-γ expression is the embodiment of the memory ability
of anti-tumor.[36, 37] In our study, IFN-γ in the EGA group increased more than GA group, which may
indicate that immune function was less suppressed in the EGA group.

There were a few limitations in our study. First, we only measured the T cell subsets and some immune
factors, the immune system is a complex system, there are many immune cells such as NK cells and
other immune factors, such as IL-2, IL-12 and so on, which may be presented in the future. Second, these
patients’ long-term outcomes, such as long-term survival, recurrence rates and metastasis rates, cannot
be got at present, we will evaluate the result in 3 to 5 years.

Conclusions
A combination of general anesthesia and peri-operative epidural use can relieve postoperative pain and
PONV. A combination of general anesthesia and peri-operative epidural use decreases
immunosuppression in gastric cancer resection.

Declarations
Ethics approval and consent to participate
The study procedures were approved by the Ethics Committee of The Harbin Medical University Cancer
Hospital. This study was registered prospectively at http://www.chictr.org.cn/index.aspx in October 10th
2017, (Registered ChiCTR-INR-17012939).The consents we obtained from study participants were written.

Consent for publication

Not applicable.

http://www.chictr.org.cn/index.aspx


Page 6/14

Availability of data and material

All data generated or analyzed during this study are included in this published article.

Competing Interests

The authors declare that they have no con�ict of interest.

Funding

This study was supported by the Education O�ce of Hei Longjiang (the Fundamental Research Funds for
the Provincial Universities, Grant#2017LCZX90) and Postdoctoral O�ce of Heilongjiang Province(Hei
Long Jiang Postdoctoral Foundation Grant#LBH-Z17181).

Author contributions

Y.W. and L.W. had contributions to study conception, design, and drafting the article. S.L., L.W., C.H. and
Y.X. had contributions to acquisition and interpretation of data. H.C., and L.W. had responsibility for the
revision of important intellectual content and �nal approval of the version to be published.

Acknowledgements

Not applicable.

References
[1] Cassinello F, Prieto I, del OM, Rivas S, Strichartz GR. Cancer surgery: how may anesthesia in�uence
outcome. J Clin Anesth. 2015. 27(3): 262-72.

[2] Shakhar G, Ben-Eliyahu S. Potential prophylactic measures against postoperative
immunosuppression: could they reduce recurrence rates in oncological patients. Ann Surg Oncol. 2003.
10(8): 972-92.

[3] Xu YJ, Li SY, Cheng Q, et al. Effects of anaesthesia on proliferation, invasion and apoptosis of LoVo
colon cancer cells in vitro. Anaesthesia. 2016. 71(2): 147-54.

[4] O'Dwyer MJ, Owen HC, Torrance HD. The perioperative immune response. Curr Opin Crit Care. 2015.
21(4): 336-42.

[5] Luo JL, Maeda S, Hsu LC, Yagita H, Karin M. Inhibition of NF-kappaB in cancer cells converts
in�ammation- induced tumor growth mediated by TNFalpha to TRAIL-mediated tumor regression. Cancer
Cell. 2004. 6(3): 297-305.



Page 7/14

[6] Tan W, Zhang W, Strasner A, et al. Tumour-in�ltrating regulatory T cells stimulate mammary cancer
metastasis through RANKL-RANK signalling. Nature. 2011. 470(7335): 548-53.

[7] Hou M, Zhou NB, Li H, et al. Morphine and ketamine inhibit immune function of gastric cancer patients
by increasing percentage of CD4(+)CD25(+)Foxp3(+) regulatory T cells in vitro. J Surg Res. 2016. 203(2):
306-12.

[8] Oka M, Hazama S, Suzuki M, et al. Depression of cytotoxicity of nonparenchymal cells in the liver after
surgery. Surgery. 1994. 116(5): 877-82.

[9] Müller-Edenborn B, Frick R, Piegeler T, et al. Volatile anaesthetics reduce neutrophil in�ammatory
response by interfering with CXC receptor-2 signalling. Br J Anaesth. 2015. 114(1): 143-9.

[10] Wigmore TJ, Mohammed K, Jhanji S. Long-term Survival for Patients Undergoing Volatile versus IV
Anesthesia for Cancer Surgery: A Retrospective Analysis. Anesthesiology. 2016. 124(1): 69-79.

[11] Cata JP, Chavez-MacGregor M, Valero V, et al. The Impact of Paravertebral Block Analgesia on Breast
Cancer Survival After Surgery. Reg Anesth Pain Med. 2016. 41(6): 696-703.

[12] Yi W, Li D, Guo Y, Zhang Y, Huang B, Li X. Sevo�urane inhibits the migration and invasion of glioma
cells by upregulating microRNA-637. Int J Mol Med. 2016. 38(6): 1857-1863.

[13] Connolly C, Buggy DJ. Opioids and tumour metastasis: does the choice of the anesthetic-analgesic
technique in�uence outcome after cancer surgery. Curr Opin Anaesthesiol. 2016. 29(4): 468-74.

[14] Kim R. Anesthetic technique and cancer recurrence in oncologic surgery: unraveling the puzzle.
Cancer Metastasis Rev. 2016 .

[15] Ben-David B. Anaesthesia in Cancer Surgery: Can it Affect Cancer Survival. Curr Clin Pharmacol.
2016. 11(1): 4-20.

[16] Byrne K, Levins KJ, Buggy DJ. Can anesthetic-analgesic technique during primary cancer surgery
affect recurrence or metastasis. Can J Anaesth. 2016. 63(2): 184-92.

[17] Wang Y, Wang L, Chen H, Xu Y, Zheng X, Wang G. The effects of intra- and postoperative anaesthesia
and analgesia choice on outcome after gastric cancer resection : a retrospective study. Oncotarget. 2017 .

[18] Yanagimoto Y, Takiguchi S, Miyazaki Y, et al. Comparison of pain management after laparoscopic
distal gastrectomy with and without epidural analgesia. Surg Today. 2016. 46(2): 229-34.

[19] Hole A, Terjesen T, Breivik H. Epidural versus general anaesthesia for total hip arthroplasty in elderly
patients. Acta Anaesthesiol Scand. 1980. 24(4): 279-87.

[20] Rem J, Brandt MR, Kehlet H. Prevention of postoperative lymphopenia and granulocytosis by epidural
analgesia. Lancet. 1980. 1(8163): 283-4.



Page 8/14

[21] Neeman E, Ben-Eliyahu S. Surgery and stress promote cancer metastasis: new outlooks on
perioperative mediating mechanisms and immune involvement. Brain Behav Immun. 2013. 30 Suppl:
S32-40.

[22] Ahlers O, Nachtigall I, Lenze J, et al. Intraoperative thoracic epidural anaesthesia attenuates stress-
induced immunosuppression in patients undergoing major abdominal surgery. Br J Anaesth. 2008.
101(6): 781-7.

[23] Melamed R, Rosenne E, Shakhar K, Schwartz Y, Abudarham N, Ben-Eliyahu S. Marginating
pulmonary-NK activity and resistance to experimental tumor metastasis: suppression by surgery and the
prophylactic use of a beta-adrenergic antagonist and a prostaglandin synthesis inhibitor. Brain Behav
Immun. 2005. 19(2): 114-26.

[24] Sekandarzad MW, van Zundert AA, Lirk PB, Doornebal CW, Hollmann MW. Perioperative Anesthesia
Care and Tumor Progression. Anesth Analg. 2016 .

[25] Buckley A, McQuaid S, Johnson P, Buggy DJ. Effect of anaesthetic technique on the natural killer cell
anti-tumour activity of serum from women undergoing breast cancer surgery: a pilot study. Br J Anaesth.
2014. 113 Suppl 1: i56-62.

[26] Xu YJ, Chen WK, Zhu Y, Wang SL, Miao CH. Effect of thoracic epidural anaesthesia on serum
vascular endothelial growth factor C and cytokines in patients undergoing anaesthesia and surgery for
colon cancer. Br J Anaesth. 2014. 113 Suppl 1: i49-55.

[27] Gasparini G, Longo R, Sarmiento R, Morabito A. Inhibitors of cyclo-oxygenase 2: a new class of
anticancer agents. Lancet Oncol. 2003. 4(10): 605-15.

[28] Hosokawa T. [Effect of anesthesia and surgery on cell-mediated immunity--the application of two
color analysis to classi�cation of functional lymphocyte subpopulation]. Masui. 1987. 36(6): 956-61.

[29] Hosokawa T, Hori Y, Ohtsuka T, Nakagawa H, Miyazaki M. [Effect of anesthesia and surgery on
immunity in patients with benign and malignant diseases]. Masui. 1989. 38(3): 343-9.

[30] Hashimoto T, Hashimoto S, Hori Y, Nakagawa H, Hosokawa T. Epidural anaesthesia blocks changes
in peripheral lymphocytes subpopulation during gastrectomy for stomach cancer. Acta Anaesthesiol
Scand. 1995. 39(3): 294-8.

[31] Hole A, Unsgaard G. The effect of epidural and general anaesthesia on lymphocyte functions during
and after major orthopaedic surgery. Acta Anaesthesiol Scand. 1983. 27(2): 135-41.

[32] Page GG, Blakely WP, Ben-Eliyahu S. Evidence that postoperative pain is a mediator of the tumor-
promoting effects of surgery in rats. Pain. 2001. 90(1-2): 191-9.



Page 9/14

[33] Greenfeld K, Avraham R, Benish M, et al. Immune suppression while awaiting surgery and following
it: dissociations between plasma cytokine levels, their induced production, and NK cell cytotoxicity. Brain
Behav Immun. 2007. 21(4): 503-13.

[34] Goldfarb Y, Ben-Eliyahu S. Surgery as a risk factor for breast cancer recurrence and metastasis:
mediating mechanisms and clinical prophylactic approaches. Breast Dis. 2006. 26: 99-114.

[35] Denizot Y, Lorgeot V, Cornu E, Nathan N. Plasma leukaemia inhibitory factor, interleukin 6 and soluble
interleukin 6 receptor levels during cardiopulmonary bypass with extracorporeal circulation. Cytokine.
1998. 10(4): 303-6.

[36] Sasada T, Kimura M, Yoshida Y, Kanai M, Takabayashi A. CD4+CD25+ regulatory T cells in patients
with gastrointestinal malignancies: possible involvement of regulatory T cells in disease progression.
Cancer. 2003. 98(5): 1089-99.

[37] Liu S, Carpenter RL, Neal JM. Epidural anesthesia and analgesia. Their role in postoperative outcome.
Anesthesiology. 1995. 82(6): 1474-506.

Tables
Table1. Baseline and surgical characteristics of general anesthesia group and epidural combined general anesthesia

group.

Characteristics GA group (n=20) EGA group (n=20) P value
Age (year) 59.3±6.8 59.7±8.5 0.870
Height (cm) 164.0±6.1 164.5±8.7 0.832
Weight (kg) 66.5±8.4 64.3±7.7 0.394
Duration of surgery (h) 2.25 (2.00,3.75) 2.25 (2.00,3.50) 0.577
Gender (male) 11 (55%) 10 (50%) 0.752
ASA grade

I

 

2 (10%)

 

2 (10%)

 

1.000
II 16 (80%) 17 (85%)  
III 2 (10%) 1 (5%)  
Cancer stage

I

 

3 (15%)

 

4 (20%)

 

0.925
II 2 (10%) 2 (10%)  
III 12 (60%) 10 (50%)  

3 (15%) 4 (20%)  
Degree of differentiation

1

 

7 (35%)

 

5 (25%)

 

0.915
2 10 (50%) 11 (55%)  
3 2 (10%) 2 (10%)  
4 1 (5%) 2 (10%  
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GA=general anesthesia group.

EGA=epidural anesthesia combined with general anesthesia group.

ASA=American Society of Anesthesiologists.

Cancer stages: I grade-T1, N0, M0/T2, N0, M0/T1, N1, M0; II grade-T3, N0, M0/T4a, N1, M0/T3, N1, M0/T2, N2, M0/T1,
N3, M0; III grade-T2, N3, M0/T3, N2, M0/T3, N3, M0/T4a, N2, M0/T4a, N3, M0/ any T4b, any N, M0; IV grade, any T, any
N, M1

Degrees of differentiation: Degree1, poorly differentiated; Degree2, moderately differentiated; Degree3, well
differentiated; Degree 4, other/unknown differentiated.

Table2. The VAS scores of patients in the postoperative days 1, 2, 3 between general anesthesia group and epidural

combined general anesthesia group

Characteristics GA group (n=20) EGA group (n=20) P value

VAS scores

POD1

POD2

POD3

 

3 (2,5)

2 (1,4)

1 (0,3)

 

2 (1,4)

1 (0,3)

0 (0,2)

 

<0.05*

<0.05*

<0.05*

Days of analgesia

Days of �atus time

Nausea and vomiting (%)

Length of stay

3 (3,5)

3 (3,4)

8(40%)

11 (9,12)

3 (3,5)

3 (2,4)

1 (5%)

11 (9,12)

0.527

0.764

<0.05*

0.795

VAS=Visual analogue scale (VAS) scores

POD=Postoperative day

* : Compare between two groups, P<0.05

Table3. Comparison of T lymphocyte subsets of patients in general anesthesia group and epidural combined general

anesthesia group
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Characteristics Group d0 d1 d3 d7

CD3+ (%) GA 54.3±3.5 42.5±2.3# 44.6±3.2# 51.8±6.7

EGA 55.6±4.1 46.1±2.9#* 48.1±2.2#* 51.2±6.9

CD4+ (%) GA 32.4±4.3 21.5±3.4# 23.2±1.6# 31.7±2.8

EGA 34.5±3.5 23.4±3.5# 24.5±2.1# 33.0±2.0

CD8+ (%) GA 21.1±1.8 20.7±1.8 21.0±1.9 20.9±1.3

EGA 21.5±1.2 21.2±1.1 22.9±2.0 21.3±1.5

CD4+/CD8+ GA 1.5±0.5 1.0±0.2# 1.0±0.1# 1.5±0.2

EGA 1.6±0.5 1.2±0.2# 1.2±0.3# 1.5±0.1

CD=Clusters of Differentiation

# :Compare to d0 P<0.05, *:Compare between two groups, P<0.05

Figures
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Figure 1

Patient identi�cation and exclusion.

Figure 2

Comparison of IL-4 between general anesthesia group and epidural combined with general anesthesia
group in day (d) 0 before surgery and postoperative days 1, 3, 7.
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Figure 3

Comparison of IL-6 between general anesthesia group and epidural combined with general anesthesia
group in day (d) 0 before surgery and postoperative days 1, 3, 7
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Figure 4

Comparison of IFN-γ between general anesthesia group and epidural combined with general anesthesia
group in day (d) 0 before surgery and postoperative days 1, 3, 7
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