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Abstract

Background: Recently published studies suggest that the anaesthetic technique used during oncologic
surgery can improve patient outcomes. Therefore, the authors evaluated the survival of patients with
resected colorectal carcinoma liver metastases (CRCLMs) who received either EGA (general anaesthesia
[GA] combined with epidural anaesthesia [EA]) or GA alone.

Methods: We conducted an ambispective cohort study including 225 post-surgical CRCLM patients
between May 2007 and July 2012 and performed a follow-up investigation of survival in July 2017.

Results: The basic characteristics in the two groups were largely similar. The median (quartiles)
recurrence interval for all patients was 10 (2.5, 23) months, and the median (quartiles) survival for
CRCLM patients post-surgically was 37 (30.5, 51.5) months. Perioperative EA was associated with
survival (P =0.039, log-rank test), with an estimated hazard ratio of 0.737 (95% CI 0.551-0.985) in the
univariate analysis. Kaplan-Meier estimates of survival for GA and EGA suggested that GA might provide
better outcomes than EGA [P=0.028, hazard ratio of 0.7328 (95% Cl 0.5433-0.9884)]. Significant
differences in anaesthesia techniques were found (P=0.048), with an adjusted estimated hazard ratio of
0.741 (95% CIl 0.550-0.998) in the multivariate analysis. Subgroup analyses of patients in different age
groups (< 40, = 40 but <60, and 2 60 years old) suggested that no significant differences existed among all
three subgroups.

Conclusions: Compared with EGA, GA may provide a better survival outcome for CRCLM patients.
The benefits of anaesthetic techniques in oncological surgery are most likely related to certain cancer

types.

Introduction

Colorectal carcinoma (CRC) remains one of the
most common malignancies in China and ranks as the
third most prevalent cancer worldwide.[1,2]
Approximately half of CRC patients develop liver
metastases (LMs), and 90% will die from this
cancer.[3,4] Surgical resection of colorectal carcinoma
liver metastases (CRCLMs) has been proven to be the

only potentially curative therapy with a 5-year
survival rate of up to 50%.[5-8] Many factors could
affect the prognosis for overall survival, including
microscopic status of the resected margin, number of
metastases, a positive resection margin, extra-liver
metastasis, degree of differentiation, depth of wall
invasion, positive lymph node metastasis, and
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interval between the CRC operation and detection of
CRCLMs.[9,10] In addition to these prognostic or
predictive factors, the anaesthesia techniques applied
in the procedure, which have profound implications
for the prognosis of the procedure, are often neglected
to a certain extent.

Epidural anaesthesia (EA) has been reported to
preserve the perioperative immune response and to
further affect cancer recurrence and metastasis in
patients and in animals.[11] In addition, combined
general-epidural anaesthesia (EGA) is frequently
applied in major thoracic or abdominal surgery,
which may provide stable haemodynamics and less
medication or can even reduce cancer recurrence and
prolong cancer-free survival in different kinds of
procedures, although some studies have shown no
significant improvement in survival compared to that
with general anaesthesia (GA).[12-16] The mechanical
basis underlying this phenomenon might be related to
the effects of the anaesthetic technique or of specific
anaesthetic drugs on immunology and cancer cell
biology.[17] However, current publications often have
limited sample sizes and other factor variations.
Comprehensive studies are needed to provide further
evidence that the combination of EA and GA might be
related to improve overall survival.

There is no global consensus on the better choice
of anaesthesia techniques related to operations for
CRCLM after surgery, as studies in this field are
scarce.[11] Withal, the choice of optimal anaesthesia
techniques for complex operations and diseases has
long been neglected. Previous studies and meta-
analyses revealed that EGA might be associated with
an improvement in the prognosis of patients with
operable prostate cancer. Regarding the prognosis of
colorectal cancer, no obvious improvement of EGA
was detected compared to GA.[18] This result,
although coming from the analysis of heterogeneous
data, suggests that the applicability and priority of
EGA or GA might be related to survival outcome.
Thus, in considering the complexity of the disease and
the benefits to patients, it is necessary to evaluate the
priority of anaesthesia techniques for surgical
resection of CRCLMs.

In this study, we compared the effects of EGA
with those of GA on survival associated with CRCLM
after surgery. We aimed to explore the advantages
and disadvantages of EGA, compared to those of GA
and based on this particular type of surgery, and to
provide clinicians with further evidence for better
decisions regarding the choice of anaesthesia
techniques, via a large hospital-based ambispective
cohort in China.

Method

Patients Enrolled

This ambispective cohort study was approved by
the Ethics Committee of the Eastern Hepatobiliary
Surgical Hospital of China (EHBHKY2012-002-028).
Written informed consent was obtained from partici-
pants or their surrogates before enrolment. After the
primary study design and hypothesis proposal, we
reviewed the data of patients with CRCLMs after
surgery between May 2007 and July 2012 from
hospital medical records of the Eastern Hepatobiliary
Surgery Hospital, Shanghai, China. Then, we
conducted a follow-up investigation of treatment
outcomes until July 2017. Patients were enrolled in
this cohort if (1) they had been diagnosed with
CRCLM after surgery; (2) the pathological classifica-
tion of original colorectal cancer was moderately or
highly differentiated tubular adenocarcinoma, Dukes’
stages B-C; (3) the patients had received treatment by
hepatic metastasis resection with R0 excision;[19] (4)
the anaesthesia method was GA or EGA; (5) lesions
were located in the liver with no lymphovascular
invasion; and (6) there was no severe systemic disease
and metastases in other organs before hepatic
resection. Patients were excluded if (1) they did not
receive recommended postoperative medications or
chemoradiotherapy or (2) if death occurred because of
accidents or diseases in other systems not related to
the primary carcinoma and surgery.

Treatments

All patients received standardized radical
hepatic metastasis resection using either GA alone or
EGA. The anaesthesia type was chosen in overall
consideration of the patients’ general conditions as
well as by the anaesthesiologist’s decision. GA was
induced as combined intravenous-inhalant anaesthe-
sia, and the choice of hypnotic or sedative anaesthetic
drugs, analgesics and muscle relaxants were at the
discretion of the attending anaesthesiologists; such
medications included propofol, sevoflurane, dexmed-
etomidine, fentanyl, remifentanil, sufentanil, and atr-
acurium. Pre-operative medication and postoperative
analgesia were allowed and accepted. EGA was
induced as a standard technique: Patients received
epidural catheterization at thoracic 7-10 interspaces
before anaesthesia induction. A test dose of 2%
lidocaine was injected. After induction of anaesthesia,
a bolus of 7-10 ml 0.75% ropivacaine was
administered via a thoracicepidural catheterand
followed by a continuous epidural infusion of 0.2%
ropivacaine at a rate of 6 ml per hour. We stopped the
epidural infusion and removed the epidural catheter
at the end of the operation. The mean arterial pressure
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(MAP) was maintained from 55 to 65 mmHg during
anaesthesia. All operations and anaesthesia occurred
at least five years before we started the current study.

Data Collection

Data were collected through clinical charts from
surgeons’ offices and institutional databases, and
some survival data were accessed through doctors’
follow-up investigations based on registry numbers as
necessary and if accessible. Medication or chemo-
therapy in the regimen after surgery was examined,
information on adverse events was recorded, and data
on each patient’s time of death were collected as well
as the cause of death. If no effective postoperative
data were available, the subjects were effectively
removed from the analysis.

Statistical Analysis

Data are described using descriptive statistics
(mean/standard deviation or median/range for
continuous variables; absolute number/frequency
distribution for categorical variables). To adjust for
confounding between cohorts, we performed a
chi-squared test and Student’s t-test or Wilcoxon-
Mann-Whitney test for categorical variables and
continuous variables. Survival was compared using
Kaplan-Meier survival curves and log-rank tests.
Next, we used a proportional hazards regression
model (PROC PHREG) to compare the hazard ratio
and 95% confidence interval (CI) for survival between
the two cohorts. The significance level was set at P<

0.05. All statistical analyses were performed using
SPSS (version 22.0, College Station, TX).

Results

Comparisons between the EGA (N=92) and GA
(N=133) groups with respect to baseline factors are
shown in Table 1. The patients’ basic characteristics in
the two groups were largely similar. The median
(quartiles) recurrence interval for all patients was 10
(2.5, 23) months, and the median (quartiles) survival
of patients with CRCLMs was 37(30.5, 51.5) months.
There were no deaths in the first 10 months.
Lymphatic and peripheral tissue invasion were

comparatively rare, and no nerve or vascular invasion
was found. As described in Table 2, perioperative
epidural analgesia was associated with survival (P
=0.039, log-rank test), with an estimated hazard ratio
of 0.737 (95% CI 0.551-0.985) in the univariate
analysis. The Kaplan-Meier estimates of survival for
the GA and EGA groups are provided in Figure 1; the
shapes and Cox model analysis of the curves over
time suggest that GA might provide better outcomes
than EGA [P=0.028, hazard ratio of 0.7328 (95% CI
0.5433-0.9884)]. Table 3 details the multivariate Cox
regression results of relationships between survival
after metastatic resection and available covariables. In
a multivariable model, we analysed the related
factors, including age, anaesthesia technique, primary
tumour pathology, Dukes’ classification, recurrence
interval and peripheral tissue interval (model 1, Table
3). Significant differences in anaesthesia techniques
were found (P=0.044), with an adjusted estimated
hazard ratio of 0.741 (95% CI 0.550, 0.998). Age was
also associated with survival, with a P value of 0.046
and hazard ratio of 0.988(0.975, 1.001) in the univaria-
ble analysis, and a P value of 0.044 and hazard ratio of
0.741 (0.550, 0.998) in the multivariable analysis. We
also performed a subgroup analysis of patients in
different age groups (< 40 years old, > 40 but <60
years old, and = 60 years old). The results suggested
that no significant differences existed among all three
subgroups. [(P value, hazard ratio; 0.3777, 1.014
(0.4001 to 2.568); 0.1657, 1 (0.6921 to 1.445); 0.470,
1.041(0.6061, 1,788), Figure 2].
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Figure 1. Kaplan-Meier recurrence-free survival estimates for 225 patients given
general anaesthesia (GA) and general anaesthesia combined with epidural anesthesia
(EGA) during the resection of colorectal carcinoma liver metastases (univariable
P=0.028, log-rank test).
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Figure 2. Epidural use and age interaction (age categories). Kaplan-Meier time to survival (A: <40 years old; B: 240 and<60 years old; C:

260 years old). The reversal of the

relationship of interest for the two age groups suggests an interaction between epidural use and age.
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Table 1. Basic Characteristics

Factor Level GA (N=133) EGA (N=92) P Value*
Age (year) 54(48,63) 54(47,60) 0.241
Gender Male 85(63.9) 60(65.2) 0.8401
Ever smoker Yes 37(27.8) 31(33.7) 0.377t
Primary tumour site R 26(19.5) 19(20.7) 0.696t
L 106(79.7) 73(79.3)
Primary tumour pathology i 1(0) 2(2.1) 0.272
ii 7(5.1) 13(14.1)
iii 116(87.2) 72(78.3)
iv 9(6.8) 5(5.4)
Dukes’ classification B 32(24.1) 30(32.6) 0.064
C1 16(12.0) 15(16.3)
2 44(33.1) 26(28.2)
D 41(30.8) 21(22.8)
Recurrence interval (month) 10(2.5,20) 13(2.5,29) 0.279
Number of metastases 1 75(56.4) 50(54.3) 0.513
2 26(19.5) 20(21.7)
3 11(8.3) 8(8.7)
>4 21(15.8) 14(15.2)
Diameter of metastases 4.5(3,6) 4(2.8,6) 0.646
Lymphatic invasion Yes 2(1.5) 2(2.1) 0.709
Peripheral tissue invasion Yes 5(3.8) 4(4.3) 0.825
Hypertension or diabetes Yes 27(20.3) 15(16.3) 0.370
WBC*10? (pre-operation) 5.6(2.1) 5.5(1.6) 0.819
WBC*10? (post-operation) 12.1(4.1) 13.7(4.2) 0.183
Percent difference of WBC 1.3(0.8) 1.7(1.2) 0.150
(*100%)
Survival (months) 37(29.548)  38(31,57.5) 0.218

Statistical data are reported as the mean=+SD, median (Q1, Q3), or N (%), as
appropriate. * Wilcoxon rank-sum test, unless specified. T Pearson chi-square test.
Primary tumour site: R: right hemicolon, L: left hemicolon and rectum.Primary
tumour pathology: i: severe atypical hyperplasia, ii: highly to moderately
differentiated tubular adenocarcinoma, iii: poorly differentiated tubular
adenocarcinoma, iv:mucous adenocarcinoma. WBC: white blood cell

Table 2. Univariable Associations with Cancer Recurrence: Cox
Regression Model Results

Factor (Reference/Unit Increase) PValue  Hazard Ratio (95% CI)*
Age(10 year) 0.046 0.988(0.975,1.001)
Gender (male) 0.814 0.946(0.712,1.305)
Anaesthesia technique (no epidural) 0.039 0.737(0.551,0.985)
Ever smoker (yes) 0.928 1.015(0.704,1.390)
Primary tumour site (R vs. L) 0.257 0.818(0.578,1.158)
Primary tumour pathology (per unit) 0.093 0.797(0.595,1.069)
Dukes’ classification (per unit) 0.766 1.026(0.864,1.219)
Number of recurrences (per rank) 0.722 0.975(0.846,1.123)
Recurrence interval (1 yr) 0.061 1.024(0.934,1.123)
Diameter of metastases (1 cm) 0.878 0.996(0.948,1.047)
Lymphatic invasion (yes) 0.712 0.792(0.231,2.726)
WBC*10? (pre-operation) 0.689 0.985(0.623,1.479)
Peripheral tissue invasion (yes) 0.097 0.459(0.211,1.163)
Hypotension or diabetes (yes) 0.694 1.044(0.843,1.292)

Risk of cancer recurrence per unit increase in factor. R: right hemicolon, L: left
hemicolon and rectum.

Table 3. Multivariable Associations with Cancer Recurrence:
Cox Regression Model Results

Factor (Reference/Unit Increase) P Value Hazard Ratio (95% CI)*
Age (10yr) 0.048 0.988(0.975,1.001)
Anaesthesia technique (no epidural) 0.044 0.741(0.550,0.998)
Primary tumour pathology (per unit) 0.223 0.839(0.633,1.113)
Recurrence interval (1 yr) 0.052 1.016(0.931,1.312)
Peripheral tissue invasion (yes) 0.165 0.992 (0.647,1.312)

Risk of cancer recurrence per unit increase in factor. R: right hemicolon, L: left
hemicolon and rectum.

Discussion

In a retrospective analysis of patients
undergoing surgical treatments for breast cancer and
prostate cancer, Gottschalk et al. and Biki et al
reported that EGA was associated with a longer
recurrence-free survival.[20,21] Similar results were
demonstrated in patients with melanoma and
prostate cancer, for which EGA was associated with a
lower risk of recurrence.[22,23] However, some other
studies reported contrasting results showing that
EGA cannot provide better outcomes in cancer
patients.[21,24-26] A meta-analysis on this topic
showed that EGA might be associated with an
improvement in the prognosis of patients with
operable prostate cancer, and no significant
improvement in colorectal cancer was found.[18]
These studies suggest that the potential benefits of
EGA may depend on the tumour type, which may be
related to the different pathologies and metastases.
Thus, large-scale clinical studies involving different
cancer types are needed to investigate the potential
influence of the anaesthetic technique used during
surgery on cancer-related outcomes.

This study was based on a chart review of
medical records, with a sample size of 225, and
reflected the survival of patients following CRCLM
resection in a real-world population in China. Our
results suggested that EGA use seems to provide no
benefit with respect to the rate of overall survival in
CRCLM patients. For GA patients, the survival seems
slightly longer than that of EGA patients. In contrast
with the results obtained by Gottschalk et al. showing
that EGA might improve the outcomes of elderly
individuals undergoing colorectal cancer surgery, it
seemed that patients older than 60 years in our study
did not benefit from EGA treatment. It is possible that
EGA might influence the cancer-related outcomes of
patients through different mechanisms and that only
a subgroup of patients with certain constraints may
benefit from: it.

Previous studies concluded that the possible
mechanism of EGA in cancer-related survival might
be complicated and comprehensive, including
haemodynamic factors and the stress and immune
responses, as epidural use during surgery could
decrease the need for opioid use, preventing pain and
decreasing the activation of inflammatory factors,
thus promoting tumour surveillance.[27] The elevated
NK cell activity of the immune system induced by
lidocaine epidural infusion also greatly benefits
elderly patients undergoing colorectal cancer surgery.
However, our study provides a diverse outcome
showing that EGA probably does not perform well or
may even be worse than GA treatment with respect to
the survival of post-surgical CRCLM patients.
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Possible causes may include the following: First, EGA
is an invasive operation; for patients with advanced
cancer, such as CRCLMs, the trauma from epidural
treatment may be greater than its potential immune
benefits. Second, the benefits of EGA are limited to
specific tumour types and special populations and
thus are not universally applicable. Third, although
the baseline characteristics of the two different groups
were compared and deemed largely similar,
anaesthesiologists may still choose to use a combined
epidural technique for patients with special situations
or high risks for haemodynamic stability intraoperat-
ively and better analgesia postoperatively. Consider-
ing this fact, it is more appropriate to conclude that
EGA use does not provide obvious long-term survival
benefits for CRCLM patients treated by resection.

Our choice of primary statistical analysis was a
multivariable model to adjust for confounding
variables, enabling the assessment of the effect of each
potential confounding variable on the outcome
simultaneously and the effect of variables interacting
with EGA. A sensitivity analysis using propensity
score analysis yielded similar results and the same
conclusions.

This analysis has several limitations or factors
that are unavoidable. First, epidural use in GA has
waned due to the progression of GA techniques and
the potential hazards of invasive techniques. Patients
using EGA are often under special conditions or have
high risks. Second, we could not determine whether
the epidural use in each subject was sufficient or up to
standard. Similarly, we could not determine whether
other surgical or anaesthesia techniques were
performed using standard criteria. More importantly,
unrecorded patient characteristics that influenced the
risk of mortality may have influenced the anaesthetic
management. Since surgical outcomes may be
affected by multiple factors and tumour types,
conclusions on the benefits of EGA should be drawn
with caution, as certain anaesthesia techniques may
not have a remarkable effect on the postoperative
survival of cancer patients. More prospective studies,
including randomized controlled trials and
retrospective studies with a large scale, are needed. In
addition, since we compared only the outcomes of
general survival between patients with the two
anaesthesia techniques, more studies are needed to
further investigate other short-term or long-term
outcomes, such as blood transfusion and ICU length
of stay, to provide a better reference for clinicians.
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