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Background: This study was conducted retrospectively to investigate the survival of patients undergoing
gastric cancer surgery with epidural combined with general anesthesia (EGA) and general anesthesia
alone (GA).

Methods: We retrospectively analyzed 596 patients with gastric cancer who were scheduled for radical
resection. Propensity score matching was performed at a 1:1 ratio between GA (n=97) and EGA (n=97)
to reduce selection bias. Univariate and multivariate analyses were used to identify factors significantly
correlated with recurrence and/or metastasis and prognosis. The 5-year overall survival rates of patients
receiving EGA and GA alone were compared.

Results: After the propensity scores were matched, there were 97 patients who underwent EGA and 97
patients who underwent GA. For the entire population, reconstruction type, pN stage, and complications
were significantly correlated with prognosis based on multivariate analyses. For patients with a recurrence
and/or metastasis, lymphadenectomy and pN stage were shown to be independent prognostic factors by
multivariate analysis.

Conclusions: In summary, patients might benefit from EGA as a result of better analgesic and anti-
inflammatory effects, fewer postoperative complications, higher safety, and a lower rate of metastasis and

recurrence is conducive to postoperative recovery in patients with gastric cancer.
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Introduction Radical surgery remains the primary curative modality for

Gastric cancer is a major global public health problem resected gastric cancer (5). Surgical incisions may interfere

and the incidence continues to rise, thus posing a serious with the synthesis and secretion of various inflammatory
threat to human health (1,2). Remarkably, the incidence cytokines, leading to inflammatory reactions. The severity

of gastric cancer in China is highest worldwide (3,4). of the inflammatory response has a great impact on the
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treatment effects, causing dismal survival and prognosis
among the patients (6). Previous study has shown that
various perioperative elements may impair cellular
immunity, thereby increasing cellular immunosuppressive
effects, further inducing tumor recurrence and metastasis,
and reducing the survival time of patients (7). Therefore,
protecting immune function and the stress response during
the perioperative period is very important to improve the
prognosis of tumor patients.

Anesthesia is an inescapable application during the
perioperative period, and various anesthesia methods may
have different influences on postoperative recovery, short-
term adverse reactions, and even tumor metastasis and
recurrence (8). One possible reason may be that anesthesia
can regulate the recurrence or metastasis of cancer by
directly affecting the biological behavior of tumor cells
or improving the tumor microenvironment (9). General
anesthesia (GA) and epidural anesthesia are commonly used
for patients undergoing gastric cancer surgery. Moreover,
epidural anesthesia has the potential to reduce the incidence
of side effects, cancer recurrence, and metastasis (10,11).

Recently, the potential survival benefits of anesthesia
techniques for different cancer types has received
increasing attention (10-17); however, the roles of
anesthesia techniques in improving survival and reducing
complications after cancer surgery are conflicting rather
than conclusive. In a retrospective study, Christopherson
et al. (18) concluded that the type of anesthesia did not
appear to affect long-term survival after colon cancer
surgery. However, another retrospective study by Zhong
et al. (19) suggested that epidural combined with general
anesthesia (EGA) can improve the prognosis of ovarian
cancer after surgery. In a randomized controlled trial,
Tsui et al. (20) found no difference in disease-free survival
between combined general/epidural anesthesia and
general anesthesia alone in prostate cancer. This study was
conducted to compare the effects of EGA versus GA in
patients undergoing gastric cancer surgery.

Methods
Patients

Between February 1984 and February 2010 patients
with gastric cancer without metastases who underwent
gastrectomy were entered into a retrospectively maintained
database. A total of 596 patients with locally advanced
gastric cancer underwent total or subtotal gastrectomy
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with D2 or >D2 lymphadenectomies. All patients achieved
a potentially curative resection for histologically-proven
gastric adenocarcinoma. This study has been approved by
the Ethics Committee of the Fourth Affiliated Hospital,
China Medical University [Approval Number: EC-2018-
KS-085(Y])]. All patient records and information were
anonymized and de-identified prior to analysis.

Included and excluded standards

The inclusion criteria were as follows: patients with EGA
or GA; histologically-proven adenocarcinoma; negative
resection margins (R0); potentially curable and curative
operation was performed; complete medical records;
patients <70 years of age; and standard D2 (D2) or extended
D2 (D2+) lymphadenectomy. The exclusion criteria were
as follows: preoperative adjuvant therapy; laparoscopic-
assisted gastric cancer surgery; stage IV cancer; previous or
concomitant cancer; and emergency surgery.

Follow-up

The follow-up of the entire population was complete
until death or the cutoff date (February 2015). All patients
had physical examinations with histories and had serum
carcinoembryonic antigen (CEA) levels assessed every
1-3 months for the first post-operative year, and every
6-12 months thereafter. Twelve patients were lost to follow-
up and were excluded. The follow-up rate was 98.0%.
Overall, a total of 596 patients with locally advanced gastric
cancer were included in this study.

Propensity score matching

Because this study is a retrospective study, this study was
inevitably affected by selection bias due to baseline feature
imbalance. Therefore, we used propensity score matching
studies to reduce selection bias. The propensity score for all
cases was calculated by a logistic regression model in which
the type of anesthesia was considered to be a dependent
variable for all clinicopathologic covariates shown in 7able 1.
Patients who underwent GA were matched to the patients
who underwent EGA according to the propensity score
and matched by a 1:1 fixed ratio between GA (n=97) and
EGA (n=97). After matching, the normalized difference of
each covariate was applied to compare the balance of the
matching group. After the propensity scores were matched,
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Table 1 Comparison of demographic and clinicopathological variables between the two groups according to the types of anesthesia before and
after propensity score matching

Before propensity score matching After propensity score matching
Variables Anesthesia Anesthesia
All P value All P value
EGA (n=97)  GA (n=499) EGA (n=97) GA (n=97)
Sex 0.008 0.208
Female 16 (16.5) 140 (28.1) 156 (26.2) 16 (16.5) 10 (10.3) 26 (13.4)
Male 81 (83.5) 359 (71.9) 440 (73.8) 81 (83.5) 87 (89.7) 168 (86.6)
Age, years 0.224 0.110
<65 65 (67.0) 366 (73.3) 431 (72.3) 65 (67.0) 75(77.3) 140 (72.2)
>65 32 (33.0) 133 (26.7) 165 (27.7) 32 (33.0) 22 (22.7) 54 (27.8)
Tumor size, cm 0.622 0.349
<5 65 (67.0) 347 (69.5) 412 (69.1) 65 (67.0) 71(73.2) 136 (70.1)
>5 32 (33.0) 152 (30.5) 184 (30.9) 32 (33.0) 26 (26.8) 58 (29.9)
Histologic grade 0.686 0.832
Grade | 5(5.2) 40 (8.0) 45 (7.6) 5(5.2) 8(8.2) 13 (6.7)
Grade I 35 (36.1) 153 (30.7) 188 (31.5) 35 (36.1) 28 (28.9) 63 (32.5)
Grade llI 54 (55.7) 273 (54.7) 327 (54.9) 54 (55.7) 57 (58.8) 111 (57.2)
Grade IV 3(3.1) 33 (6.6) 36 (6.0) 3(3.1) 4 (4.1) 7(3.6)
pT stage 0.201 0.203
pT1 15 (15.5) 75 (15.0) 90 (15.1) 15 (15.5) 26 (26.8) 41 (21.1)
pT2 32 (33.0) 111 (22.2) 143 (24.0) 32 (33.0) 26 (26.8) 58 (29.9)
pT3 26 (26.8) 175 (35.1) 201 (33.7) 26 (26.8) 24 (24.7) 50 (25.8)
pT4 24 (24.7) 138 (27.7) 162 (27.2) 24 (24.7) 21 (21.6) 45 (23.2)
pN stage 0.471 0.103
pNO 40 (41.2) 233 (46.7) 273 (45.8) 40 (41.2) 35 (36.1) 75 (38.7)
pN1 24 (24.7) 105 (21.0) 129 (21.6) 24 (24.7) 18 (18.6) 42 (21.6)
pN2 20 (20.6) 101 (20.2) 121 (20.3) 20 (20.6) 21 (21.6) 41(21.1)
pN3 13 (13.4) 60 (12.0) 73 (12.2) 13 (13.4) 23 (23.7) 36 (18.6)
Gastrectomy 0.102 0.409
Total 4(4.1) 40 (8.0) 44 (7.4) 4(4.1) 2(2.1) 6 (3.1)
Subtotal 93 (95.9) 459 (92.0) 552 (92.6) 93 (95.9) 95 (97.8) 188 (96.9)
Lymphadenectomy 0.843 0.507
D2 51 (52.6) 262 (52.5) 313 (52.5) 51 (52.6) 49 (50.5) 100 (51.5)
D2+ 25 (25.8) 138 (27.7) 163 (27.3) 25 (25.8) 36 (37.1) 61 (31.4)
D3 21 (21.6) 99 (19.8) 120 (20.1) 21 (21.6) 12 (12.4) 33 (17.0)

Table 1 (continued)
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Table 1 (continued)

Before propensity score matching After propensity score matching
Variables Anesthesia Anesthesia
All P value’ All P value
EGA (n=97)  GA (n=499) EGA (n=97) GA (n=97)
Number of LNs 0.998 0.775
retrieved

Adequate, n>16 49 (50.5) 252 (50.5) 301 (50.5) 49 (50.5) 47 (48.5) 96 (49.5)

Inadequate, n<16 48 (49.5) 247 (49.5) 295 (49.5) 48 (49.5) 50 (51.5) 98(50.5)
Reconstruction 0.169 0.170
type

Billroth | 83 (85.6) 403 (80.8) 486 (81.5) 83 (85.6) 88 (90.7) 171 (88.1)

Billroth I 12 (12.4) 76 (15.2) 88 (14.8) 12 (12.4) 9(9.9 21 (10.8)

Roux-Y 2(2.1) 20 (4.0 22 (3.7) 2(2.1) 0(0) 2(1.0
Chemotherapy 0.709 0.269

No 83 (85.6) 434 (87.0) 517 (86.7) 83 (85.6) 88 (90.7) 171 (88.1)

Yes 14 (14.4) 65 (13.0) 79 (13.3) 14 (14.4) 9(9.3) 23 (11.9)
Complications' <0.001 <0.001

Absent 96 (99.0) 456 (91.4) 552 (92.6) 96 (99.0) 61 (62.9) 157 (80.9)

Present 1(1.0) 43 (8.6) 44 (7.4) 1(1.0) 36 (37.1) 37 (19.1)

Blood loss, mL 0.005 0.058

<200 63 (64.9) 247 (49.5) 310 (52.0) 63 (34.9) 75 (77.3) 138 (71.1)

>200 34 (35.1) 252 (50.5) 286 (48.0) 34 (35.1) 22 (22.7) 56 (28.9)

Lymphatic vessel 0.415 0.108
invasion

Negative 82 (84.5) 437 (87.6) 519 (87.1) 82 (84.5) 73 (75.3) 155 (79.9)

Positive 15 (15.5) 62 (12.4) 77 (12.9) 15 (15.5) 24 (24.7) 39 (20.1)
Locoregional 0.514 0.701
recurrence

Absent 82 (84.5) 408 (81.8) 490 (82.2) 82 (84.5) 80 (82.5) 162 (83.5)

Present 15 (15.5) 91 (18.2) 106 (17.8) 15 (15.5) 17 (17.5) 32 (16.5)

Distant metastasis 0.683 0.433

Absent 71(73.2) 355 (71.1) 426 (71.5) 71(73.2) 66 (68.0) 137 (70.6)

Present 26 (26.8) 144 (28.9) 170 (28.5) 26 (26.8) 31 (32.0) 57 (29.4)

', including urinary infection/retention, delayed gastric emptying, intestinal obstruction/ileus, pneumonia, abdominal infection/abscess,
wound infection/dehiscence, subphrenic infection/abscess, dumping syndrome, anastomotic fistula, postoperative hemorrhage,
pancreatic fistula, and cholecystitis. ¥, P values were calculated by the y’-test. The P value for significance was <0.05. EGA, epidural plus
general anesthesia; GA, general anesthesia; LNs, lymph nodes.
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there were 97 patients who underwent GA and 97 patients
who underwent EGA.

Clinicopathologic characteristics

The clinicopathological features that were investigated
for prognosis included sex, age, blood loss, complications,
gastrectomy, reconstruction type, tumor size, histologic
grade, lymphatic vessel invasion (LVI), number of lymph
nodes (LNs) retrieved, depth of invasion (pT stage),
number of regional LN metastases (pN stage), inadequate
or adequate LNs retrieved, chemotherapy, locoregional
recurrence, and distant metastasis (7zble 1).

Pathology

Two pathologists independently examined the sections
and differences of opinion were resolved by discussion to
reach a consensus and establish the final diagnosis. The
carcinoma lesions together with the surrounding gastric
wall were fixed in formalin and cut into multiple 5-mm
slices that were parallel to the lesser curvature (5). As
many LNs as possible were retrieved for adequate staging.
According to the current guidelines for gastric cancer,
examining at least 16 LNs is strongly recommended
for adequate staging (2,21-24). The 8th edition of the
American Joint Committee on Cancer (AJCC) TNM
staging classification for carcinoma of the stomach was
applied to re-stage all patients in this study. The pathology
report mainly included tumor size, pT, pN, status of
margin, LVI, status of lymph nodes, number of LNs
retrieved, and histologic grade.

Statistical analysis

The 5-year overall survival (OS) rates were calculated
using Kaplan-Meier survival analysis. The number at risk
was also shown in all Kaplan-Meier curves (Figure I).
Two sided y’ tests or two-tailed z-tests were performed
for comparison of clinicopathologic features between
patients who underwent a gastrectomy with EGA and
GA. Univariate and multivariate analyses were applied to
identify the prognostic factors. A P value <0.05 was defined
as statistically significant. The SPSS statistical software
(version 22.0) was used for all statistical analyses (SPSS,
Inc., Chicago, IL, USA). The work has been reported in
line with the STROCSS criteria (25).
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Results
Patient characteristics before propensity score matching

The clinicopathological characteristics are summarized
in Table 1. Five hundred and ninety-six gastric cancer
patients who underwent a gastrectomy were assessed for
eligibility in this study. Of the 596 patients, 97 patients
underwent a gastrectomy with EGA (median age,
55.8 years) and 499 patients underwent a gastrectomy with
GA (median age, 62.3 years). Of patients who underwent a
gastrectomy with EGA, 16 patients (16.5%) were females
and 81 patients (83.5%) were males. Of patients who
underwent a gastrectomy with GA, 140 patients (28.1%)
were females and 359 patients (71.9%) were males. Among
the confounding factors unrelated to anesthesia, the two
groups were well-balanced with respect to age (P=0.224),
gastrectomy (P=0.102), reconstruction type (P=0.169),
tumor size (P=0.622), histologic grade (P=0.686), LVI
(P=0.415), number of LNs retrieved (P=0.998), pT
stage (P=0.201), pN stage (P=0.471), and chemotherapy
(P=0.709). There was a significant difference in sex
(P=0.008) between the two groups. Importantly, among the
post-operative prognostic factors associated with anesthesia,
no significant difference was demonstrated in locoregional
recurrence (P=0.514) and distant metastasis (P=0.683).
There are significant differences in blood loss (P=0.005) and
complications (P<0.001).

Patient characteristics after propensity score matching

Based on propensity score matching analysis, the
clinicopathologic features are listed in 7able 1. The
clinicopathologic characteristics of the propensity score-
matched cohort (194 patients) are summarized in Table 1.
Ninety-seven patients underwent a gastrectomy with
EGA (median age, 55.8 years) and 97 patients underwent
a gastrectomy with GA (median age, 58.0 years). Of the
patients who underwent a gastrectomy with EGA, 16 patients
(16.5%) were females and 81 patients (83.5%) were males.
Of the patients who underwent a gastrectomy with GA,
10 patients (10.3%) were females and 87 patients (89.7%)
were males. Among the confounding factors unrelated to
anesthesia, the two groups were well-balanced with respect to
age, gastrectomy, reconstruction type, tumor size, histologic
grade, LVI, number of LNs retrieved, pT stage, pN stage,
chemotherapy, and sex (all, P>0.05) between the two groups.
Among the postoperative prognostic factors associated with
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Figure 1 Kaplan—Meier survival curves for 5-year OS stratified by different prognostic factors with statistical significance based on the (A)
age, (B) sex, (C) tumor size, (D) histologic grade, (E) pT stage, (F) pN sage, (G) gastrectomy, (H) anesthesia, (I) blood loss, (J) chemotherapy,
(K) lymphadenectomy, (L) number of LN retrieved, (M) reconstruction type, (N) complications, (O) lymphatic vessel invasion, (P) distant

metastasis, (Q) locoregional recurrence, (R) locoregional recurrence and/or distant metastasis. LNs, lymph nodes; EGA, epidural plus
general anesthesia; GA, general anesthesia; 5-Y OS, 5-year overall survival rate.
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anesthesia, there were no significant differences between
locoregional recurrence (P=0.701), blood loss (P=0.058),
and distant metastasis (P=0.433). There were significant
differences in the complications between the two groups

(P<0.001).

Outcomes

Univariate analysis demonstrated that reconstruction
type (P=0.001), pN stage (P<0.001), lymphatic vessel
invasion (P=0.015) and lymphadenectomy (P=0.010)
were significantly associated with prognosis for the entire
population (Zible 2). We plotted survival curves for various
clinical and pathologic factors (Figure 1). EGA had similar
survival rates for patients who underwent a gastrectomy
compared with GA (56.7% for EGA and 47.9% for GA, log-
rank test, P=0.147, Figure 1H). We included the factors that
were significantly associated with prognosis and those that
were generally considered to be associated with prognosis in
clinical work, such as pT stage, complications, locoregional
recurrence and distant metastasis, in the multivariate
analysis. The multivariate analysis showed that pN stage
(P=0.003), reconstruction type (P=0.011), and complications
(P=0.021) were independent prognostic factors associated
with prognosis (Tuble 3, Figure 2). For patients with
recurrence and/or metastases, univariate analysis showed
lymphadenectomy (P=0.020) to be an independent
factor correlated with prognosis (1zble 4). We included
lymphadenectomy and factors commonly associated
with recurrence and/or metastasis (pT stage, pN stage,
blood loss, and LVI) into the multivariate analysis. The
multivariate analysis showed that pN stage (P=0.012) and
lymphadenectomy (P=0.006) were independent prognostic
factors for patients with recurrence and/or metastases

(1able 4, Figure 3).

Discussion

Recently, increasing evidence has suggested that the
anesthesia technique may affect cancer recurrence and
survival outcomes; however, no studies comparing EGA and
GA on survival in patients undergoing gastric cancer surgery
have been conducted. In addition, complete resection with
negative margins has been recommended as the standard
goal for patients with resected gastric cancer (2,23,24). Thus,
only patients with resected gastric cancer who underwent
curable complete resection were included in this study.
Considering that significantly fewer LNs may be retrieved
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during D1 compared with D2 or D2+ lymphadenectomy
and may thus lead to a significantly higher incidence of
recurrences and poorer prognosis, the results would not
be reliable if D1 lymphadenectomies were included in this
study. Therefore, only patients who underwent radical
resection with D2 or >D2 lymphadenectomy were enrolled
in this study. The average lifespan of men and women in
China is 74 and 77 years, respectively. Therefore, the long-
term effect of curative gastrectomy for gastric cancer may
not be evaluable in patients >70 years of age; thus, we only
included patients <70 years of age.

It is worth noting that the roles of epidural anesthesia
in improving survival outcomes for prostatectomies are
conflicting. Biki er a/. (26) demonstrated that patients
who had GA as a substitute for epidural anesthesia for
postoperative opioids following open prostatectomy
surgery was associated with substantially less risk of
biochemical cancer recurrence. In another retrospective
study, however, no significant difference existed between
GA plus postoperative ketorolac-morphine anesthesia and
GA plus intraoperative and postoperative thoracic epidural
anesthesia with respect to the biochemical recurrence
free survival, cancer specific survival, or OS for patients
undergoing open retropubic radical prostatectomies (17).
Furthermore, EGA significantly decreased the incidence of
recurrence following radical prostatectomy compared with
GA plus opioid infusion (20).

Similarly, the effects of epidural anesthesia on survival
for patients who underwent colorectal cancer surgery are
also conflicting rather than conclusive. A large cohort
study conducted by Cummings et /. (27) confirmed that
patients with non-metastatic colorectal cancer benefit from
epidural anesthesia with respect to survival, rather than
cancer recurrence, compared with non-epidural anesthesia.
Gupta et al. (11) found a reduction in all-cause mortality
after rectal, but not colon cancer, in patients with epidural
anesthesia, as compared with patient-controlled anesthesia.
EGA was confirmed to be associated with enhanced survival
among patients without metastases before 1.46 years (18);
however, no significant decrease in cancer recurrence
was demonstrated for patients with epidural anesthesia
undergoing colorectal cancer surgery compared to patients
without epidural anesthesia (28).

The pathogenesis of tumor metastases has been studied
previously (15,29). Tumor metastases may be associated
with the balance between tumor potential metastases and
anti-metastatic host defenses (15). Epidural anesthesia
may decrease the neuroendocrine stress and prevent the

Ann Transl Med 2020;8(7):473 | http://dx.doi.org/10.21037/atm.2020.03.127
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Table 2 Univariate analyses of prognostic factors for the entire study population
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Variables N (%) 5-year OS (%) HR 95% Cl P value
Sex 0.622
Female 26 (13.4) 57.7 1.000 - -
Male 168 (86.6) 51.5 1.136 0.683-1.890 0.622
Age, years 0.560
<65 140 (72.2) 55.4 1.000 - -
>65 54 (27.8) 44.4 1.117 0.771-1.619 0.560
Tumor size, cm 0.424
<5 136 (70.1) 53.3 1.000 - -
>5 58 (29.9) 50.0 1.159 0.807-1.665 0.424
Histologic grade 0.489
Grade | 13 (6.7) 66.7 1.000 - -
Grade Il 63 (32.5) 57.1 0.912 0.444-1.875 0.803
Grade llI 111 (57.2) 48.6 1.002 0.502-1.999 0.996
Grade IV 7 (3.6) 42.9 1.726 0.641-4.649 0.280
pT stage 0.613
pT1 41 (21.1) 62.5 1.000 - -
pT2 58 (29.9) 50.0 1.245 0.755-2.051 0.391
pT3 50 (25.8) 44.0 1.403 0.849-2.318 0.186
pT4 45 (23.2) 55.6 1.286 0.772-2.145 0.334
pN stage <0.001
pNO 75 (38.7) 71.6 1.000 - -
pN1 42 (21.6) 50.0 1.533 0.976-2.473 0.063

pN2 41 (21.1) 341 2.426 1.526-3.857 <0.001
pN3 36 (18.6) 36.1 2.419 1.509-3.877 <0.001
Gastrectomy 0.138
Total 6 (3.1) 16.7 1.000 - -
Subtotal 188 (96.9) 52.3 0.506 0.205-1.245 0.138
Lymphadenectomy 0.015
D2 100 (51.5) 58.6 1.000 - -
D2+ 61(31.4) 41.0 1.740 1.189-2.545 0.004
D3 33(17.0) 54.5 1.444 0.904-2.306 0.124
Number of LNs retrieved 0.445
Adequate, n>16 96 (49.5) 54.2 1.000 - -
Inadequate, n<16 98 (50.5) 50.5 1.141 0.813-1.601 0.445

Table 2 (continued)
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Table 2 (continued)

Variables N (%) 5-year OS (%) HR 95% Cl P value
Reconstruction type 0.001
Billroth | 171 (88.1) 57.1 1.000 - -
Billroth 11 21(10.8) 19.0 2.202 1.355-3.578 0.001

Roux-Y 2(1.0) 0.0 5.739 1.390-23.692 0.016
Chemotherapy 0.572
No 171 (88.1) 53.5 1.000 - -

Yes 23 (11.9) 39.1 1.163 0.689-1.962 0.572
Complications’ 0.116
Absent 157 (80.9) 53.8 1.000 - -
Present 37 (19.1) 45.9 1.394 0.921-2.108 0.116
Blood loss, mL 0.402
<200 138 (71.1) 53.3 1.000 - -
>200 56 (28.9) 50.0 0.850 0.582-1.243 0.402
Lymphatic vessel invasion 0.010
Negative 82 (84.5) 56.5 1.000 - -
Positive 15 (15.5) 35.9 1.690 1.134-2.520 0.010
Locoregional recurrence 0.177
Absent 162 (83.5) 52.5 1.000 - -
Present 32 (16.5) 51.6 1.351 0.873-2.091 0.177
Distant metastasis 0.429
Absent 137 (70.6) 52.6 1.000 - -
Present 57 (29.4) 51.8 1.162 0.801-1.684 0.429
Locoregional recurrence or distant 0.178
metastasis
Absent 131 (67.5) 53.4 1.000 - -
Present 63 (32.5) 50.0 1.279 0.894-1.831 0.178
Anesthesia 0.147
GA 97 (50.0) 47.9 1.000 - -
EGA 97 (50.0) 56.7 0.778 0.555-1.092 0.147

', including urinary infection/retention, delayed gastric emptying, intestinal obstruction/ileus, pneumonia, abdominal infection/abscess,
wound infection/dehiscence, subphrenic infection/abscess, dumping syndrome, anastomotic fistula, postoperative hemorrhage,
pancreatic fistula, and cholecystitis. LNs, lymph nodes; EGA, epidural plus general anesthesia; GA, general anesthesia; HR, hazard ratio;

Cl, confidence intervals; OS, overall survival.
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Table 3 Multivariable analyses of prognostic factors for the entire study population

Variables N (%) 5-year OS (%) HR 95%Cl P value
pT stage 0.841
pT1 41 (21.1) 62.5 1.000 - -

pT2 58 (29.9) 50 0.901 0.528-1.536 0.701
pT3 50 (25.8) 44 0.948 0.553-1.627 0.847
pT4 45 (23.2) 55.6 0.783 0.441-1.391 0.404
pN stage 0.003
pNO 75 (38.7) 71.6 1.000 - -
pN1 42 (21.6) 50 1.559 0.944-2.730 0.083
pN2 41 (21.1) 34.1 2.422 1.420-4.132 0.001
pN3 36 (18.6) 36.1 2.510 1.449-4.345 0.001
Lymphadenectomy 0.746
D2 100 (51.5) 58.6 1.000 - -
D2+ 61 (31.4) 41 1.157 0.703-1.903 0.566
D3 33(17.0) 54.5 1.229 0.707-2.134 0.465
Reconstruction type 0.011
Billroth | 171 (88.1) 57.1 1.000 - -
Billroth Il 21 (10.8) 19 1.874 1.063-3.304 0.300
Roux-Y 2(1.0 0 5.734 1.226-26.811 0.260
Complications' 0.021
Absent 157 (80.9) 53.8 1.000 - -
Present 37 (19.1) 45.9 1.725 1.085-2.740 0.021
Lymphatic vessel invasion 0.720
Negative 82 (84.5) 56.5 1.000 - -
Positive 15 (15.5) 35.9 1.102 0.649-1.868 0.720
Locoregional recurrence 0.318
Absent 162 (83.5) 52.5 1.000 - -
Present 32 (16.5) 51.6 1.323 0.764-2.293 0.318
Distant metastasis 0.996
Absent 137 (70.6) 52.6 1.000 - -
Present 57 (29.4) 51.8 0.999 0.628-1.588 0.996

', including urinary infection/retention, delayed gastric emptying, intestinal obstruction/ileus, pneumonia, abdominal infection/abscess,
wound infection/dehiscence, subphrenic infection/abscess, dumping syndrome, anastomotic fistula, postoperative hemorrhage,
pancreatic fistula, and cholecystitis. EGA, epidural plus general anesthesia; GA, general anesthesia; HR, hazard ratio; Cl, confidence
intervals; OS, overall survival.
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Hazard Ratios (95% ClI)
1.874 (1.063-3.304)

Reconstruction type (Billroth | vs Billroth II') —_——

Reconstruction type (Billroth | vs Roux-Y ) 5.734 (1.226-26.811)
Lymphatic vessel invasion (Negative vs Positive) — 1.102 (0.649-1.868)
pN stage (pNO vs pN1) —— 1.559 (0.944-2.730)
PN stage (pNO vs pN2) R — 2.422 (1.420-4.132)
pN stage (pNO vs pN3) —_— 2.510 (1.449-4.345)
Lymphadenectomy (D2 vs D2+) e 1.157 (0.703-1.903)
Lymphadenectomy (D2 vs D3) R 1.229 (0.707-2.134)
Complications (Absent vs Present) —_—t 1.725 (1.085-2.740)
Locoregional recurrence (Absent vs Present) —_— 1.323 (0.764-2.293)
Distant metastasis (Absent vs Present) —_— 0.999 (0.628-1.588)
pT stage (pT1 vs pT2) _).:_ 0.901 (0.528-1.536)
pT stage (pT1 vs pT3) e 0.948 (0.553-1.627)
PT stage (pT1 vs pT4) — 0.783 (0.441-1.391)

. 1

0.1 1

Figure 2 The forest plot shows multivariable analyses of prognostic factors for the entire study population. LNs, lymph nodes; EGA,

epidural plus general anesthesia; GA, general anesthesia; CI, confidence intervals.

immunosuppression induced by surgery and GA, thus
decreasing the incidence of post-operative infectious
complications and tumor metastases (29). Our study
suggested that patients who underwent gastric cancer
surgery had similar survival rates between EGA and GA.
No significant differences in the 5-year OS rates were
shown for the entire population (56.7% for EGA, 47.9%
for GA, log-rank test, P=0.147). Moreover, similar results
could be found in terms of locoregional recurrence, distant
metastasis, and overall survival. Notably, patients who had
EGA had less intraoperative blood loss and postoperative
complications compared to patients who received GA;
however, this retrospective study was based on a long-term
period that varied from operation-to-operation. Therefore,
the results of our study must be interpreted with caution
and should be clarified in further prospective, randomized
controlled studies.

In this study postoperative complications were defined as
new morbid conditions requiring therapeutic intervention.
Studies have shown a beneficial effect of epidural anesthesia on
postoperative complications. The use of epidural anesthesia can
reduce the incidence of respiratory complications compared
with general anesthesia (30). Popping et a/. (31) showed that
the use of epidural analgesia can reduce lung complications
after abdominal and thoracic surgery (possibly due to early
mobilization), reduce opioid consumption, and improved
cough. For patients undergoing colorectal surgery,
combined use of thoracic epidural anesthesia promotes

© Annals of Translational Medicine. All rights reserved.

early mobilization and recovery of bowel function, thereby
reducing gastrointestinal complications (32,33). A study by
Mohamad et 4. (34) demonstrated that epidural anesthesia
significantly reduced postoperative major adverse cardiac
events in patients with coronary artery disease undergoing
surgery for large abdominal tumors. In our patients, post-
operative complications were significantly reduced in the
EGA group compared with the GA group (P<0.001).

Tumor resection can cause severe trauma and severe post-
operative pain, significantly increasing the levels of cortisol
(COR) and C-reactive protein (CRP), and stimulating the
body’s perioperative stress response (35). Zhong ez al. (19)
compared the effects of EGA and GA on the prognosis of
patients with ovarian cancer. Compared with GA, EGA had a
better analgesic effect, better improvement in the propensity
score-matched cohort (194 patients) perioperative stress
response, and a reduction in the inflammatory response (19).
Moslemi et al. (36) and Han et al. (37) showed that EGA can
improve the analgesic effect of refractory pain compared
with GA, has less of an impact on patient immune function, a
better analgesic effect, and higher safety.

This study also had some limitations. First, the data
obtained in this study were from February 1984 to
February 2010. During these 26 years, surgical technology
has developed rapidly, so we may have to interpret the
conclusions of this study with caution. In addition, although
we used the method of propensity score matching analysis
to reduce the selection bias, the number of patients included

Ann Transl Med 2020;8(7):473 | http://dx.doi.org/10.21037/atm.2020.03.127
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Table 4 Univariate and multivariate analysis of factors for patients with recurrence and/or metastasis

Univariate analysis

Multivariate analysis

Variables
N (%) 5-year OS (%) P value OR 95% ClI P value
Sex 0.870
Female 26 (13.4) 57.7
Male 168 (86.6) 51.5
Age, years 0.215
<65 140 (72.2) 55.4
>65 54 (27.8) 44.4
Tumor size, cm 0.509
<5 136 (70.1) 53.3
>5 58 (29.9) 50
Histologic grade 0.579
Grade | 13 (6.7) 66.7
Grade Il 63 (32.5) 57.1
Grade llI 111 (67.2) 48.6
Grade IV 7 (3.6) 42.9
pT stage 0.780 0.281
pT1 41 (21.1) 62.5 1.000 - -
pT2 58 (29.9) 50 1.131 0.421-3.041 0.807
pT3 50 (25.8) 44 0.701 0.243-2.023 0.511
pT4 45 (23.2) 55.6 1.767 0.641-4.875 0.271
pN stage 0.563 0.012
pNO 75 (38.7) 71.6 1.000 - -
pN1 42 (21.6) 50 1.041 0.404-2.682 0.934
pN2 41 (21.1) 34.1 3.300 1.210-8.998 0.020
pN3 36 (18.6) 36.1 0.784 0.278-2.209 0.645
Gastrectomy 0.991
Total 6 (3.1) 16.7
Subtotal 188 (96.9) 52.3
Lymphadenectomy 0.020 0.006
D2 100 (51.5) 58.6 1.000 - -
D2+ 61 (31.4) 41 2.886 1.356-6.142 0.006
D3 33 (17.0) 54.5 3.043 1.277-7.255 0.012
Number of LNs retrieved 0.479
Adequate, n>16 96 (49.5) 54.2
Inadequate, n<16 98 (50.5) 50.5

Table 4 (continued)
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Table 4 (continued)
Univariate analysis Multivariate analysis
Variables
N (%) 5-year OS (%) P value OR 95% Cl P value

Reconstruction type 0.953

Billroth | 171 (88.1) 57.1

Billroth I 21(10.8) 19

Roux-Y 2(1.0) 0
Chemotherapy 0.473

No 171 (88.1) 53.5

Yes 23 (11.9) 39.1
Complications' 0.960

Absent 157 (80.9) 53.8

Present 37 (19.1) 45.9
Blood loss, ml 0.598 0.821

<200 138 (71.1) 53.3 1.000 - -

>200 56 (28.9) 50 0.917 0.432-1.945 0.821
Lymphatic vessel invasion 0.784 0.338

Negative 82 (84.5) 56.5 1.000 - -

Positive 15 (15.5) 35.9 1.599 0.612-4.157 0.338
Anesthesia 0.699

GA 97 (50.0) 47.9

EGA 97 (50.0) 56.7

', including urinary infection/retention, delayed gastric emptying, intestinal obstruction/ileus, pneumonia, abdominal infection/abscess,
wound infection/dehiscence, subphrenic infection/abscess, dumping syndrome, anastomotic fistula, postoperative hemorrhage,
pancreatic fistula, and cholecystitis. LNs, lymph nodes; EGA, epidural plus general anesthesia; GA, general anesthesia; OR, odds ratio; Cl,

confidence intervals; OS, overall survival.

Variables
Ly ic vessel il ion (Negative vs Positive) — >
pT stage (pT1 vs pT2) e
pT stage (pT1 vs pT3)
pT stage (pT1 vs pT4) S —

pN stage (pNO vs pN1)
pN stage (pNO vs pN2)
pN stage (pNO vs pN3)
Lymphadenectomy (D2 vs D2+)

Lymphadenectomy (D2 vs D3)

Blood loss, ml (< 200 vs > 200) —_—H—

Odds Ratios (95% Cl)
1.599 (0.612-4.157)
1.131(0.421-3.041)

0.701 (0.243-2.023)
1.767 (0.641-4.875)
1.041 (0.404-2.682)
3.300 (1.210-8.998)
0.784 (0.278-2.209)
2.886 (1.356-6.142)
3.043 (1.277-7.255)

0.917 (0.432-1.945)

0.1 1

10

Figure 3 The forest plot shows multivariate analysis of factors for patients with recurrence and/or metastasis. LNs, lymph nodes; EGA,

epidural plus general anesthesia; GA, general anesthesia; CI, confidence intervals.
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was relatively small, so a large sample data study is needed
to further verify the results.

Conclusions

In conclusion, this study failed to show a significant
reduction in the incidence of cancer recurrence and/or
metastasis in patients with EGA compared with patients
with GA. In addition, EGA had a similar 5-year survival rate
compared to patients with GA; however, in combination
with published studies, patients might benefit from EGA
due to better analgesic and anti-inflammatory effects, fewer
postoperative complications, higher safety, and a lower rate
of metastasis and/or recurrence, which are conducive to
post-operative recovery in patients with gastric cancer.
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