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General anesthesia comb
ined with epidural
anesthesia maintaining appropriate anesthesia
depth may protect excessive production of
inflammatory cytokines and stress hormones in
colon cancer patients during and after surgery
Bao-Jun Hou, PhDa, Ying Du, PhDb, Shu-Xin Gu, PhDa, Jie Fan, PhDa, Ran Wang, PhDa,
Hong Deng, PhDa, Dan-Xia Guo, PhDa, Li Wang, PhDa, Yan-Ying Wang, PhDa,∗

Abstract
The purpose of this study was to investigate the influences of varied anesthetic methods and depths on inflammatory cytokines and
stress hormone levels in radical operation among colon cancer patients during perioperative period.
A total of 120 patients were collected in the study and randomly divided into 4 groups, A: general anesthesia + Narcotrend D1, B:

general anesthesia + Narcotrend D2, C: general anesthesia + epidural anesthesia + Narcotrend D1, D: general anesthesia + epidural
anesthesia + Narcotrend D2. The levels of tumor necrosis factor (TNF)-a, interleukin (IL)-6, IL-10, cortisol (Cor), adrenocorticotropic
hormone (ACTH), and endothelin-1 (ET-1) were measured adopting commercial kits before anesthesia (T0), 4hours after surgery
(T1), 24hours after surgery (T2), and 72hours after surgery (T3).
There was no significant difference in basic clinical characteristics among the groups. In comparison with group A, B and C, group

D showed significantly lower levels of TNF-a, IL-6, IL-10, Cor, ACTH, and ET-1 at T1 and T2 (all, P< .05). Significantly higher levels of
TNF-a, IL-6, IL-10, Cor, and ACTH were detected at T1 and T2 than those at T0 (all, P< .05), whereas, at T3, the levels of
inflammatory cytokines and stress hormones were all decreased near to preoperation ones.
General anesthesia combined with epidural anesthesia at Narcotrend D2 depth plays an important role in reducing immune and

stress response in patients with colon cancer from surgery to 24hours after surgery.

Abbreviations: ACTH = adrenocorticotropic hormone, Cor = cortisol, ET-1 = endothelin-1, IL-6 = interleukin-6, NI = Narcotrend
Index, TNF-a = tumor necrosis factor a.
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1. Introduction

Colon cancer is one of the most common cancers in the adults
worldwide,[1] with increasing incidence, and seriously threatens
human health.[2] At present, surgical removal is the primary
strategy in treating this malignancy. However, postoperative
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metastasis and recurrence, possibly mediated by tumor propen-
sity and immunosurveillance of host,[3] could cause dismal
survival and prognosis among the patients. Moreover, operation
can lead to stress response depending on the severity and duration
of tissue injury. The stress response may have positive effects, but
excessive stimulation of cytokine production is associated with
the risk of postoperative organ dysfunction, and postoperative
metastasis as well.[4,5] The production of cytokines benefits tissue
healing, but excessive secretion of cytokines may help catch
circulating tumor cells and enhance cell adhesion, and thus
leading to local and distant tumor growth and to novel formation
of metastasis loci.[6] Therefore, protecting immune function and
stress response during perioperative period might be crucial for
improving the outcome of patients with colon cancer.
Anesthesia is essential for postoperative clinical outcomes

among patients with cancer. Anesthesia may modulate cancer
growth and metastasis through directly influencing biological
behaviors of cancer cells, or improving tumor microenviron-
ment.[7] Compared to general anesthesia, regional anesthesia has
been postulated to have positive effect on cancer outcome.[8]

Thoracic epidural anesthesia and analgesia have commonly been
used for themanagement of intra- and postoperative pains during
colon cancer surgery. General anesthesia and epidural anesthesia
may suppress immunity via directly affecting the immune system
or sympathetic nervous system.[9,10] Furthermore, numerous
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studies have demonstrated that intraoperative monitoring
anesthesia depth is important to ensure successful surgery and
rapid recovery.[11] Immunocompetent cells secrete different cyto-
kines and effectormolecules, such as tumor necrosis factor (TNF)-a,
interleukin (IL)-4, IL-6, and IL-10, aswell as stress hormones,which
mediate anti-tumor immunity and body stress reaction to the
operation.[12–14] Although previous studies have reported the effects
of general anesthesia and anesthesia depth on human immunity and
stress response, few reports have compared the effects between
different anesthesia methods and anesthesia depths on immune and
stress responses in patients with colon cancer.
In this study, we aimed to detect the influence of general +

epidural anesthesia combined with Narcotrend D1+D2 depth on
inflammatory reactions and stress response in patients receiving
surgery.
2. Materials and methods

2.1. Patients’ collection

A total of 120 patients undergoing colon cancer surgery were
continually recruited from the inpatient service of the Hebei
University of Engineering AffiliatedHospital. These patients were
randomly divided into 4 groups according to their anesthesia
treatment. Group A (n=30): receiving general anesthesia with
anesthesia depth at Narcotrend D1; group B (n=30): receiving
general anesthesia with anesthesia depth at Narcotrend D2;
group C (n=30): receiving epidural anesthesia combined with
general anesthesia and Narcotrend D1 level; group D (n=30):
receiving epidural anesthesia combined with general anesthesia
and Narcotrend D2. Among the patients in groups C and D,
epidural anesthesia was firstly administrated, followed by general
anesthesia. Narcotrend index based on brainwave analysis
detected the depth of clinical anesthesia and hypnosis using
Narcotrend anesthesia depth monitor.[15] Narcotrend algorithm
classifies EEG epochs into different stages from A (awake) to F
(increasing burst suppression down to electrical silence), and a
total of 15 different stages (A, B0–2, C0–2, D0–2, E00–2, F0–1).

[16]

Exclusion criteria included the history of abdominal surgery,
endocrine, or immune system dysfunction (such as diabetes,
thyroid disease, multiple sclerosis, and rheumatoid arthritis),
preoperative treatment with hormone or immunomodulatory
substances and contraindication to epidural anesthesia. The
study was approved by the Ethic Committee of Hebei University
of Engineering Affiliated Hospital and all patients provided
written informed consents in advance.
2.2. Anesthesia treatment

All patients were subjected to the induction of general anesthesia
via intravenous administration of fentanyl (5mg/kg), propofol
(target plasma concentration 4mg/mL), and rocuronium (0.8mg/
kg). Esophageal temperature was monitored and maintained at
>36°C throughout the operation.
Epidural anesthesia was administrated for the patients in

groups C and D. Epidural anesthesia implementation included
epidural puncture between T10 and T11 on the left lateral
position, followed by the insertion of an epidural catheter using
the paramedian approach and loss-of-resistance technique. The
patients would receive the test adopting 3mL of 2% lidocaine
through the epidural catheter after showing negative results in
aspiration test for blood and cerebrospinal fluid. Each patient
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took 8 mL of 0.375% bupivacaine after the induction of
anesthesia. In addition, 4mL of bupivacaine was also adminis-
tered for the patients every 50minutes until the end of surgery.
Then, all of the patients received general anesthesia. Subse-

quent to orotracheal intubation, they were provided with 1.5%
to 3.5% sevoflurane for the maintenance of anesthesia.
During the operation, Narcotrend monitoring electric elec-

trode was placed in the forehead of the patients while opened
Narcotrend single channel detection observed NI level. Narco-
trend D1 level was controlled within 47 to 56, and Narcotrend
D2 level within 37 to 46. Anesthesia depths were maintained
through controlling fentanyl and propofol infusion speed. Except
for anesthesia methods, all groups received the same periopera-
tive care protocols.
2.3. Sample collection and indicator tests

Peripheral venous blood samples were collected in sodium
heparin anticoagulant tubes before anesthesia (T0), 4hours after
the surgery (T1), 24hours after surgery (T2), and 72hours after
surgery (T3). Separated serum samples were stored at �80°C
until analysis. TNF-a, interleukin (IL)-6, and IL-10 levels were
measured using commercial enzyme-linked immunosorbent
assay kits (Invitrogen Corporation, Camarillo, CA). The levels
of cortisol (Cor), adrenocorticotropic hormone (ACTH), and
endothelin-1 (ET-1) were measured through radioimmunoassay
with commercial kits provided by Beijing Chinatown force
biotechnology research institute.
2.4. Statistical analysis

SPSS 18.0 software was employed to analyze statistical data, and
data were expressed as mean± standard deviation. Parametric
data were compared using t test or analysis of variance.
Categorical data were assessed using Chi-square test. P< .05
was considered statistically significant.
3. Results

3.1. General information of the patients

A total of 120 patients were recruited in the study and their clinical
characteristics are summarized in Table 1, including age, sex, body
mass index, American Society of Anesthesiologists score, tumor
stage, surgical approach, and anesthesia time. Analysis results
showed that all basic clinical datawere similar in the4groups (A,B,
C, D) with no statistical difference (all, P> .05). Adopted
sevoflurane volume and recovery timewere, however, significantly
different between the 4 groups (P= .033 andP= .041, respectively)
(Table 1). At the same anesthesia depth, combined application of
epidural anesthesia and general anesthesia could significantly
reduce anesthetic dosage and shorten recovery time.
3.2. Comparison on inflammatory cytokines between 4
groups

At the points of 4hours after surgery (T1) and 24hours after
surgery (T2), the levels of TNF-a, IL-6, and IL-10 were all
significantly higher than those at T0 in the 4 groups (all, P< .05
Table 2). Furthermore, at T1 and T2, the levels of TNF-a, IL-6,
and IL-10 in group D were significantly lower than those in
groups A, B, and C, and the difference was statistically significant



Table 1

The clinical characteristics of the colon patients in 4 groups.

Characteristic Group A (n=30) Group B (n=30) Group C (n=30) Group D (n=30) P

Age (years) 55.4±5.3 56.2±4.8 56.7±5.1 55.9±4.9 .821
Sex (male/female) 15/15 18/12 17/13 14/16 .720
BMI 26.7±2.9 25.4±3.1 25.8±3.4 26.2±3.2 .465
ASA grade, n (%) .866
I 12 (40) 10 (33.3) 9 (30) 11 (36.7)
II 18 (60) 20 (66.7) 21 (70) 19 (63.3)

Tumor stage, n (%) .636
I–II 21 (70) 23 (76.7) 24 (80) 20 (66.7)
III–IV 9 (30) 7 (23.3) 6 (20) 10 (33.3)

Surgical approach (right hemicolectomy/
left hemicolectomy)

23/7 22/8 26/4 25/5 .555

Anesthesia time, min 145±23 143±32 140±31 144±30 .784
Sevoflurane volume, mL 50.25±6.58 55.23±5.12 42.15±13.25 48.05±9.52 .033
Recovery time, min 6.21±1.25 7.14±2.01 5.68±2.12 6.78±1.69 .041

BMI=body mass index, ASA=American Society of Anesthesiologists.

Table 2

Comparison of inflammatory cytokines levels in the 4 groups.

Factor Group T0 T1 T2 T3

TNF-a, pg/mL A 4.63±0.51 35.76±3.02
∗

32.56±3.01
∗

8.94±1.12
B 4.78±0.54 31.87±2.98

∗
28.48±2.76

∗
7.56±0.96

C 4.89±0.57 34.43±3.31
∗

30.45±2.85
∗

8.04±1.02
D 4.68±0.39 23.54±2.75

∗,† 16.05±2.26
∗,† 5.12±0.54

IL-6, pg/mL A 50.25±8.22 114.12±9.15
∗

189.43±12.18
∗

89.73±8.99
B 51.28±7.69 101.23±8.93

∗
165.01±11.53

∗
81.45±9.25

C 50.93±7.88 103.09±9.64
∗

157.26±12.46
∗

82.38±9.14
D 52.35±8.42 90.38±9.10

∗,† 123.14±10.22
∗,† 75.74±8.42

IL-10, pg/mL A 5.44±0.81 15.78±1.83
∗

13.15±1.36
∗

6.83±1.11
B 5.36±0.77 14.62±1.46

∗
12.21±1.43

∗
6.31±1.12

C 5.69±0.78 14.36±1.21
∗

12.54±1.33
∗

6.04±0.96
D 5.89±0.92 10.41±1.72

∗,† 8.54±1.23
∗,† 5.95±1.03

IL= interleukin, TNF= tumor necrosis factor.
∗
Compared to T0, P< .05.

† Compared to A, B, C group, P< .05 in D group.
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(all, P< .05, Table 2). The levels of TNF-a, IL-6, and IL-10 were
all lower in groups B and C than in group A, but with no
statistical difference. At T3, the cytokines levels were near to
those at T0. Remaining values were not significantly different
between the groups.
Table 3

Comparison of stress hormone levels in the 4 groups.

Factor Group T0

Cor, ng/mL A 139.56±30.59 35
B 132.87±32.13 31
C 134.70±31.01 30
D 136.52±30.26 28

ACTH, pg/mL A 30.15±13.21 6
B 30.21±11.48 6
C 29.85±12.01 5
D 29.03±11.12 5

ET-1, pg/mL A 124.68±32.15 15
B 120.56±31.41 13
C 118.86±31.45 13
D 121.55±30.46 12

ACTH=adrenocorticotropic hormone, Cor= cortisol, ET-1= endothelin-1.
∗
Compared to T0, P< .05.

† Compared to A, B, C group, P< .05 in D group.

3

3.3. Comparison on stress hormone levels between 4
groups

As shown in Table 3, the levels of stress hormone Cor, ACTH,
and ET-1 were significantly different between the 4 groups.
Compared to those at T0, the levels of Cor, ACTH, and ET-1
T1 T2 T3

7.29±44.17
∗

377.14±41.56
∗

205.12±32.47
6.37±42.17

∗
304.51±42.13

∗
178.66±32.51

8.55±40.67
∗

297.98±39.69
∗

165.52±31.24
9.01±36.44

∗,† 229.53±39.64
∗,† 137.53±30.46

6.96±18.31
∗

53.76±16.23
∗

36.43±12.15
0.37±17.41

∗
48.78±15.63

∗
33.54±12.38

8.39±17.24
∗

46.85±14.79
∗

32.46±11.84
0.39±15.23

∗,† 40.12±12.44
∗,† 30.51±10.33

2.38±36.55
∗

138.65±30.52
∗

124.77±29.36
2.36±28.65

∗
126.93±27.46

∗
118.54±28.13

0.24±28.94
∗

125.83±30.18
∗

116.38±29.41
4.57±30.41† 108.91±29.43

∗,† 102.75±25.84
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were all obviously increased at T1 and T2 in the 4 groups (all,
P< .05 Table 3), except ET-1 in D group, which was slightly
increased at T1 and decreased at T2. Moreover, the levels of Cor,
ACTH, and ET-1 were significantly lower in group D than in
other 3 groups at T1 and T2, and the difference was statistically
significant (all, P< .05 Table 3). At the 4 time points, hormone
levels exhibited maximum changes in group A and minimum
changes in group D, with levels at T3 near to preoperative ones.
No significant difference was found for the remaining values.
4. Discussion

Surgical resection is the only possible cure for colon cancer.
Surgical stresses may, however, induce immunosuppressive
effects and other oncogenic mechanisms, thus contributing to
tumor growth at local or distant sites.[17–19] Anesthesia technique
is a key factor for surgical stress.[20] Common anesthesia
techniques include general anesthesia and radical anesthesia.
Epidural anesthesia belongs to commonly used radical anesthe-
sia. Published clinical trial demonstrated that general anesthesia
combined with epidural anesthesia mitigated surgical stress-
related impairment of antitumor immune responses and hastened
the recovery of intestinal function.[21] Appropriate anesthesia
may help relieve surgical stress. Anesthesia depth also affects
surgical stress. Currently, such depth could bemonitored through
perioperative clinical signs. Usually, it is difficult to detect most
clinical signs; moreover, surgery and anesthesia will make clinical
signs complicated, which in turn makes the monitoring more
difficult.[22,23] Certainly, intraoperative monitoring of anesthesia
depth is vital to maintain signs, preserve stable hemodynamics,
reduce side effects, achieve optimal anesthesia, and realize
favorable analgesic and muscle relaxing.
Over the past few years, cytokines and more accepted stress

hormones like cortisol and catecholamines have been reported to
be involved in perioperative responses to surgery.[4,24,25] TNF-a,
one of the main cytokines, mediates early response to tissue
injury, and stimulates the production of IL-6. The concentrations
of IL-6 is rapidly increased within 30 to 90 minutes after skin
incision in elective surgery, which may be a sensitive marker for
early tissue damage.[26] IL-10 exhibits antitumor and antimeta-
static activity through enhancing nature kill cell lysis targeting
tumor cells.[27,28]

In this study, we detected the levels of inflammatory cytokines
and surgical stress response hormones among colon patients so as
to compare the effect of different anesthesia methods. During
perioperative period, the levels of inflammation cytokines and
stress hormone significantly increased at postsurgerypointsT1and
T2 in the 4 groups, demonstrating that surgical trauma and
surgical stress could trigger systemic inflammation and suppress
immune defense mechanisms in postoperative period. In addition,
the levels of cytokines and stress hormoneswere significantly lower
in group D at time points T1 and T2 than in other groups, which
indicated faster recovery of the immune response in Group D.
Although therewas no significant difference between groupsA and
B or between groups A and C, the levels of cytokines and stress
hormone were decreased at T1 and T2. Our results demonstrated
that general anesthesia combined with epidural anesthesia with
Narcotrend monitor at D2 level could protect postoperative
antitumor immune response among colon cancer patients.
In conclusion, general anesthesia combined with epidural

anesthesia with Narcotrend D2 depth monitoring reduces
inflammatory activation response to colon carcinoma surgery
4

and may hasten the recovery of intestinal function. Additional
large-scale prospective trials are required to determine the
significance of these observations.
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