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Background: Experimental and observational research suggests that combined 
epidural–general anesthesia may improve long-term survival after cancer surgery 
by reducing anesthetic and opioid consumption and by blunting surgery-related 
inflammation. This study therefore tested the primary hypothesis that combined 
epidural–general anesthesia improves long-term survival in elderly patients.

Methods: This article presents a long-term follow-up of patients enrolled in a 
previous trial conducted at five hospitals. Patients aged 60 to 90 yr and sched-
uled for major noncardiac thoracic and abdominal surgeries were randomly 
assigned to either combined epidural–general anesthesia with postoperative 
epidural analgesia or general anesthesia alone with postoperative intravenous 
analgesia. The primary outcome was overall postoperative survival. Secondary 
outcomes included cancer-specific, recurrence-free, and event-free survival.

results: Among 1,802 patients who were enrolled and randomized in the 
underlying trial, 1,712 were included in the long-term analysis; 92% had sur-
gery for cancer. The median follow-up duration was 66 months (interquartile 
range, 61 to 80). Among patients assigned to combined epidural–general 
anesthesia, 355 of 853 (42%) died compared with 326 of 859 (38%) deaths 
in patients assigned to general anesthesia alone: adjusted hazard ratio, 1.07; 
95% CI, 0.92 to 1.24; P = 0.408. Cancer-specific survival was similar with 
combined epidural–general anesthesia (327 of 853 [38%]) and general anes-
thesia alone (292 of 859 [34%]): adjusted hazard ratio, 1.09; 95% CI, 0.93 to 
1.28; P = 0.290. Recurrence-free survival was 401 of 853 [47%] for patients 
who had combined epidural–general anesthesia versus 389 of 859 [45%] with 
general anesthesia alone: adjusted hazard ratio, 0.97; 95% CI, 0.84 to 1.12;  
P = 0.692. Event-free survival was 466 of 853 [55%] in patients who had 
combined epidural–general anesthesia versus 450 of 859 [52%] for general 
anesthesia alone: adjusted hazard ratio, 0.99; 95% CI, 0.86 to 1.12; P = 0.815.

conclusions: In elderly patients having major thoracic and abdominal sur-
gery, combined epidural–general anesthesia with epidural analgesia did not 
improve overall or cancer-specific long-term mortality. Nor did epidural anal-
gesia improve recurrence-free survival. Either approach can therefore reason-
ably be selected based on patient and clinician preference.
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editor’S PerSPective

What We Already Know about This Topic

• Some experimental and observational research suggests that com-
bined epidural–general anesthesia may improve long-term survival 
after cancer surgery

What This Article Tells us That Is New

• In patients aged 60 to 90 yr having major noncardiac thoracic and abdominal 
surgery, combined epidural–general anesthesia compared to general anes-
thesia alone did not improve overall or cancer-specific long-term survival

• Combined epidural–general anesthesia also did not improve  
recurrence-free survival

Cancer incidence and mortality continue to increase, 
and cancer is the second leading overall cause of 

death.1 According to Global Cancer Statistics, 18.1 million 
new cancer cases were diagnosed in 2018, and 9.6 million 

<zdoi;. DOI: 10.1097/ALN.0000000000003835>
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people died of cancer.1 Surgery remains the primary initial 
treatment for most solid tumors. However, despite advances 
in oncology and surgery, cancers often recur—and recur-
rences usually ultimately prove lethal.

Metastases are the main cause of cancer death.2 Whether 
metastases develop depends largely on the balance between 
the host defense, especially natural killer cells, and the ability 
of the residual cancer cells to implant, proliferate, and attract 
new blood vessels.3 Both anesthesia and surgery may push the 
balance toward the development of metastases. For example, 
volatile anesthetics and opioids suppress immune function, 
although it is unknown if this might affect cancer recurrence.3,4 
Additionally, surgical stress impairs cell-mediated immunity 
and promotes cancer growth both directly and indirectly.5,6

Neuraxial (epidural or spinal) anesthesia and analgesia 
may influence any cancer-related effects of volatile anes-
thetics, opioids, and surgery. For example, when combined 
with general anesthesia, epidural analgesia reduces con-
sumption of anesthetics and opioids and blunts the surgical 
stress response and inflammation, thus preserving cellular 
immune function.7–9 Consistent with this theory, neurax-
ial anesthesia reduces metastasis in tumor-bearing rats.10 
We hypothesized that epidural anesthesia and analgesia may 
improve long-term survival after cancer surgery. However, 
studies in humans are largely observational, and the results 
have been inconsistent;11–13 a large trial of neuraxial anes-
thesia on cancer recurrence has yet to be published.

In a previous multicenter trial, we randomized 1,802 
elderly patients having major noncardiac surgery to com-
bined epidural–general anesthesia or to general anesthesia 
alone.14 Short-term results showed that combined epidur-
al–general anesthesia decreased consumption of anesthetics 
and opioids, improved postoperative analgesia, and reduced 
postoperative delirium. More than 90% of enrolled patients 
had surgery for cancer. We here report 5-yr results for over-
all and cancer recurrence-free survival, both of which were 
preplanned outcomes. We also report event-free survival and 
cancer-specific mortality, which were added after data col-
lection but before analysis. Event-free survival was defined 
as the time from surgery to cancer recurrence/metastasis, 
new onset cancer, new serious noncancer disease that led to 
rehospitalization, or death from any cause.

Materials and Methods
The underlying trial was registered at www.chictr.org.
cn (ChiCTR-TRC-09000543) and at ClinicalTrials.gov 
(NCT01661907). It was approved by the institutional review 
boards at each institution, and written consent was obtained 
from all participating patients. The rationale and design of 
the underlying trial were reported previously,14 with short-
term results presented in our companion article.15

The protocol for the current analysis was approved by the 
Clinical Research Ethics Committee of Peking University 
First Hospital (Beijing, China; 2014[744]; principal investiga-
tor: Dong-Xin Wang) on August 8, 2014, and by other centers, 

and registered with ClinicalTrials.gov (NCT03012945); 
changes to the study protocol and statistical analysis plan are 
presented in Supplemental Digital Content 1 (http://links.
lww.com/ALN/C626). Because patients consented to the 
underlying trial and because no new interventions were 
involved, the ethics committee approved telephone follow-up 
and access to medical records without additional written 
consent. Nonetheless, patients and/or their family members 
were informed of the study purposes, and verbal consent was 
obtained before any data were requested.

Patients, Randomization, and Intervention

Patients included in the underlying trial were recruited from 
November 21, 2011, to May 25, 2015. The 1,802 patients 
were aged 60 to 90 yr and were scheduled for major non-
cardiac thoracic and abdominal surgery. They were ran-
domly assigned to either to general anesthesia alone with 
postoperative intravenous analgesia or combined epidural– 
general anesthesia with postoperative epidural analgesia as 
previously reported.14,15

Specifically, for patients assigned to general anesthesia 
alone, anesthesia was induced with midazolam, propofol, 
sufentanil, and rocuronium and maintained with either intra-
venous (propofol), inhalational (sevoflurane with or without 
nitrous oxide), or combined intravenous-inhalational anes-
thetics. Additional opioids (remifentanil, sufentanil, fentanyl, 
or morphine) and muscle relaxant (rocuronium, atracurium, 
or cisatracurium) were given as necessary. Patient-controlled 
intravenous analgesia was provided after surgery, which 
was established with 50 mg of morphine in 100 ml of nor-
mal saline, programed to deliver 2-ml boluses with a 6- to 
10-min lockout interval and a 1 ml/h background infusion.

For patients assigned to combined epidural–general 
anesthesia, epidural catheterization was performed before 
induction of general anesthesia. A test dose of 3 to 4 ml of 
2% lidocaine was administered to confirm the success of 
epidural block. General anesthesia was then induced and 
maintained as in the general anesthesia group, together 
with 0.375 to 0.5% ropivacaine administered through the 
epidural catheter. Patient-controlled epidural analgesia was 
provided after surgery, which was established with 0.12% 
ropivacaine and 0.5 μg/ml sufentanil in 250 ml of normal 
saline, programed to deliver 2-ml boluses with a lockout 
interval of 20 min and a background infusion of 4 ml/h.

Patients with unsuccessful epidural blocks were given gen-
eral anesthesia and postoperative intravenous analgesia just as in 
the general anesthesia alone group. However, outcomes from 
these patients were included in the combined epidural–general 
anesthesia group in our primary intention-to-treat analysis.

Long-term Follow-up

The investigators who performed the long-term follow- 
ups (C.F., Y.-F.L., T.C., W.-J.Z., J.L., and Y.-T.D.) were not 
involved in patient management during the original study 
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and had no knowledge of study group assignment. They were 
trained and authorized by the principal investigator before 
starting data collection. The pathologic results including the 
tumor-node-metastasis stage for patients after cancer surgery 
were classified according to the American Joint Committee 
on Cancer 8th Edition Cancer Staging System16 and collected 
from the inpatient medical record system. The results of post-
discharge evaluations were collected from outpatient medical 
records. Inpatient and outpatient electronic medical record 
systems were reviewed, and the relevant information was col-
lected by investigators before each follow-up contact.

Patients and/or their family members who were familiar 
with patients’ information were contacted by phone yearly 
until September 30, 2019. We collected the following infor-
mation during each call: (1) Results of re-examinations  
(usually included imagining examinations and serum bio-
markers). For patients after cancer surgery, cancer recur-
rence was defined as reappearance of the same cancer in 
the original place or in the organs/lymph nodes near the 
place it first started; cancer metastasis was defined as reap-
pearance of the same cancer in another part of the body, 
with some distance from where it started. The development 
of cancer recurrence and/or metastasis was diagnosed by 
surgeons (and/or radiologists) according to the results of 
reexamination. (2) Postoperative treatment for the primary 
surgical diseases. For cancer patients, anticancer therapies 
included radiotherapy, chemotherapy, reoperation, inter-
ventional therapy, and others. (3) Rehospitalization after 
surgery. Reasons leading to rehospitalization were docu-
mented and included recurrence/metastasis of the original 
cancer, new cancer, new serious noncancer disease, or other 
conditions. New cancers were defined as those with con-
firmed diagnoses but different from the primary ones. New 
serious noncancer diseases were defined by requiring hos-
pital readmission and/or another surgery. (4) For patients 
who died during follow-up, the causes of death were doc-
umented. Cancer-specific death was defined as death fully 
attributable to the cancer for which the index surgery was 
performed and usually involving cancer recurrence and/
or metastasis after exclusion of other causes such as stroke 
and myocardial infarction.17 The earliest date for each con-
firmed occurrence was recorded.

At 3 yr, we assessed cognitive function with the 
Modified Telephone Interview for Cognitive Status, which 
is a 12-item questionnaire that verbally assesses global 
cognitive function via telephone. The score ranges from 0 
to 50, with a higher score indicating better function18;  a 
minimum difference of 0.4 SD was considered clinically 
important.19 We also assessed quality of life with the World 
Health Organization Quality of Life brief version, which 
is a 24-item questionnaire that assesses the quality of life in 
physical, psychologic, social relationship, and environmental 
domains. The score ranges from 0 to 100 for each domain, 
with a higher score indicating better function20 and a min-
imal important difference 0.5 SD.21

We attempted to contact patients or their family mem-
bers on at least 5 different days before considering them 
lost to follow-up. For those who could not be contacted, 
we also consulted medical records to obtain what informa-
tion was available. Patients who were lost to follow-up were 
censored the time of their last hospital visit. All outcomes 
were double-entered into the study database (EpiData 3.1, 
EpiData Association, Denmark).

The primary endpoint was overall survival after surgery. 
The secondary endpoints were (1) cancer-specific survival, 
defined as the time from surgery to the date of cancer- 
specific death with patients who died from other causes 
being censored at the time of death; (2) recurrence-free 
survival, defined as the time from surgery to the first date 
of cancer recurrence/metastasis or death from any cause; 
and (3) event-free survival, defined as the time from sur-
gery to the first date of cancer recurrence/metastasis, new 
onset cancer, new serious noncancer disease, or death from 
any cause.

Other predefined outcomes included the overall, cancer- 
specific, recurrence-free, and event-free survival in patients 
who originally had cancer surgery. We also evaluated cog-
nitive function and quality of life in 3-yr survivors, which 
were original designated as secondary outcomes but were 
demoted to tertiary outcomes before data analysis because 
analysis was restricted to 3-yr survivors. Post hoc subgroup 
analyses were performed as functions of age, sex, body mass 
index, Charlson comorbidity index, type of surgery, loca-
tion of surgery, type of cancer, tumor-node-metastasis stage, 
study center, and postoperative anticancer therapy.

Statistical Analysis

The primary analysis was modified intention to treat, i.e., 
all patients were analyzed in the groups they were assigned 
to, excluding those with randomization errors, cancelled 
surgeries, consent withdrawal before anesthesia, or repeated 
recruitments. A per-protocol analysis was also performed 
for the primary endpoint.

The balance of baseline variables between groups was 
assessed using absolute standardized differences, defined 
as absolute differences in means, mean ranks, or propor-
tions divided by the pooled SD. Baseline variables with 
an absolute standardized difference of 0.095 or greater 
(i.e., 1 96 1 2 1 2. ( ) / ( )× + ×n n n n ) were considered to be 
imbalanced.22

Overall survival after surgery was analyzed using a 
Kaplan–Meier estimator with difference between groups 
assessed by log-rank test; a Cox proportional hazards model 
was used to adjust for predetermined factors including age, 
sex, body mass index, Charlson comorbidity Index, type of 
surgery, location of surgery, type of cancer, tumor-node- 
metastasis stage, and study center. Differences in the primary  
outcome in predefined subgroups were tested using Cox 
proportional hazard models. Treatment-by-covariate inter-
actions were assessed separately for each predefined factor.
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Secondary outcomes including cancer-specific,  
recurrence-free, and event-free survival were analyzed 
using Kaplan–Meier estimators with differences between 
groups assessed by log-rank tests; the Cox proportional 
hazard models were used to adjust for the prespecified 
factors listed in the previous paragraph. For other out-
comes, numeric variables were analyzed with indepen-
dent-sample t or Mann–Whitney U tests. Differences 
between the anesthetic groups and their 95% CIs were 
estimated using the least squares method. Categorical 
variables were analyzed with chi-square or continui-
ty-corrected chi-square tests. Time-to-event variables 
were evaluated with Kaplan–Meier estimators, with dif-
ferences between groups being assessed with log-rank 
tests. Differences and their 95% CIs were estimated with 
Cox proportional hazards models.

For each hypothesis, a two-tailed P < 0.05 was con-
sidered statistically significant. For interactions between 
the treatment effect and preselected covariates, a P < 0.10 
was considered statistically significant. Statistical analy-
ses were performed with the SPSS 25.0 software package 
(IBM SPSS Inc., USA). The forest plot was created with 
GraphPad Prism 7.0 (GraphPad Software, USA).

results
Among 1,802 patients recruited and randomized in the 
underlying trial, 1,720 completed follow-up and were 
included in this analysis. Eight patients were included twice 
for different surgeries, but only the first was considered for 
this analysis. Consequently, 1,712 patients were included in 
the long-term follow-up analysis, with 853 randomized to 
combined epidural–general anesthesia and 859 to general 
anesthesia alone. Three years after surgery, 25 patients (1%) 
were lost to follow-up, 38 refused cognition assessment, 
and 27 refused quality-of-life assessments. Upon comple-
tion of the entire follow-up period, a median of 66 months 
(interquartile range, 61 to 80) after surgery, 47 patients (3%) 
were lost to follow-up (fig. 1). Follow-up efforts concluded 
September 30, 2019.

Among 1,712 long-term follow-up patients, 1,574 (92%) 
had surgery for cancer. Baseline variables, including the 
fraction with pathologically diagnosed cancer and the dis-
tribution of tumor-node-metastasis stages, were comparable 
between the two groups, except that preoperative hyperten-
sion was less common, and lymph node staging was more 
advanced in patients assigned to combined epidural–general 
anesthesia (table 1; tables S1 and S2 in Supplemental Digital 
Content 2, http://links.lww.com/ALN/C627).

During the intraoperative and postoperative periods, 
patients in the combined epidural–general anesthesia group 
were given less inhalational anesthetics (nitrous oxide and/
or sevoflurane), opioids, and antiemetics but more vaso-
pressors and colloid; they had lower mean arterial pres-
sure but higher heart rate and urine output. Patients in 
the combined epidural–general anesthesia group were less 

often admitted intubated to a critical care unit, received 
more epidural sufentanil but less intravenous morphine, 
and developed less delirium within 7 days. The duration of 
postoperative follow-up was similar for each group (table 2; 
table S3 in Supplemental Digital Content 2, http://links.
lww.com/ALN/C627).

Overall survival did not differ between the two groups 
(fig.  2). Among 853 patients assigned to combined  
epidural–general anesthesia, 355 (42%) deaths were reported, 
compared with 326 (38%) among 859 patients assigned to 
general anesthesia alone (adjusted hazard ratio, 1.07; 95% 
CI, 0.92 to 1.24; P = 0.408). The proportional hazard 
assumption was not violated (P = 0.374). Per-protocol anal-
ysis also showed no significant difference between the two 
groups: there were 311 of 772 (40%) deaths with combined 
epidural–general anesthesia versus 309 of 822 (38%) deaths 
with general anesthesia alone for an adjusted hazard ratio of 
1.03 (95% CI, 0.88 to 1.20; P = 0.749; table 3).

There were no significant interactions for the relation-
ship between anesthetic group and overall mortality on any 
predefined factors (fig. 3). There were no statistically signif-
icant or clinically meaningful differences in cancer-specific, 
recurrence-free, or event-free survival (table  3; fig.  2; fig. 
S1 and table S4 in Supplemental Digital Content 2, http://
links.lww.com/ALN/C627). In the subgroup of patients 
whose index surgery was for cancer, there were also no 
statistically significant or clinically meaningful differences 
in overall, cancer-specific, recurrence-free, or event-free 
survival between the two groups (table 3; figs. S2 and S3 
in Supplemental Digital Content 2, http://links.lww.com/
ALN/C627).

Cognitive function was similar in each group at 3 yr. 
The quality-of-life scores in the physical (mean difference, 
1.9; 95% CI, 0.4 to 3.4; P = 0.015) and psychologic (mean 
difference, 1.6; 95% CI, 0.1 to 3.1; P = 0.033) domains were 
higher in patients with combined epidural–general anes-
thesia than in those with general anesthesia alone (table S5 
in Supplemental Digital Content 2, http://links.lww.com/
ALN/C627), but the difference was not clinically mean-
ingful. There were no significant differences in the social 
relationship and environmental domains.

discussion
As expected, patients assigned to combined epidural–general  
anesthesia required less inhaled anesthesia and less long-act-
ing opioid.9,23 Previous work suggests that these patients 
would also have less stress response and inflammation than 
those given general anesthesia alone.7,8,24 Each of these fac-
tors is thought to reduce the risk of cancer recurrence after 
potentially curative tumor resections3,25—most of which 
is ultimately lethal. Nonetheless, overall survival was sim-
ilar in patients randomized to combined epidural–general 
anesthesia with epidural analgesia and in those assigned to 
general anesthesia with intravenous analgesia. Patients given 
combined epidural–general anesthesia also had similar 
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cancer-specific, recurrence-free, and event-free survival 
after major thoracic and abdominal surgery.

Available evidence about regional analgesia and post-
operative cancer recurrence is largely from experimental 

models,10,24 observational analyses,24–26 and post hoc analy-
ses of randomized trials.11 Animal studies are consistent in 
showing that regional anesthesia decreases the stress response 
to surgery,27 and that volatile anesthetics28 and opioids28,29 

Fig. 1. Trial profile. aPatients enrolled twice for different surgeries. Only their first surgery was considered for analysis. bFifteen used dexme-
detomidine, and one used scopolamine. cused dexmedetomidine.
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table 1. Baseline Data

 
combined epidural–General  

anesthesia (n = 853)
General anesthesia  

alone (n = 859)
absolute  

Standardized difference

Age, yr 69 ± 6 70 ± 6 0.072
Male sex, n (%) 539 (63) 579 (67) 0.089
Body mass index, kg/m2 24 ± 3 24 ± 3 0.033
Education, yr 10 ± 5 10 ± 4 0.023
Comorbidity, n (%)    
 Stroke 37 (4) 48 (6) 0.058
 Transient ischemic attack 10 (1) 13 (2) 0.030
 Hypertension 334 (39) 377 (44) 0.096
 Coronary heart disease 89 (10) 77 (9) 0.050
 Arrhythmia 28 (3) 35 (4) 0.042
 Chronic bronchitis 19 (2) 13 (2) 0.053
 COPD 16 (2) 16 (2) 0.001
 Asthma 14 (2) 13 (2) 0.010
 Diabetes 153 (18) 159 (19) 0.015
 Thyroid disease* 23 (3) 22 (3) 0.008
 Liver dysfunction† 8 (< 1) 7 (< 1) 0.013
 Renal dysfunction‡ 4 (< 1) 4 (< 1) < 0.001
 Previous cancer§ 18 (2) 17 (2) 0.009
Chronic smoking, n (%)|| 209 (25) 206 (24) 0.012
Alcoholism, n (%)# 61 (7) 60 (7) 0.006
Charlson comorbidity index** 2 (2 to 3) 2 (2 to 3) 0.028
History of anesthesia, n (%) 391 (46) 402 (47) 0.019
New York Heart Association classification, n (%)   0.004
 Class I 644 (75) 647 (75)  
 Class II 209 (25) 212 (25)  
ASA classification, n (%)   0.055
 Class I 63 (7) 60 (7)  
 Class II 735 (86) 729 (85)  
 Class III 55 (6) 70 (8)  
Preoperative laboratory test results    
 Hematocrit, % 38.0 ± 5.1 38.2 ± 5.4 0.036
 Albumin, g/l 40.1 ± 4.4 40.2 ± 4.4 [1] 0.032
 Glucose < 4.0 or > 10.0 mM, n (%) 46 (5) 58 (7) 0.057
 Na+ < 135.0 or > 145.0 mM, n (%) 49 (6) 68 (8) 0.086
 K+ < 3.5 or > 5.5 mM, n (%) 82 (10) 78 (9) 0.018
 Creatinine > 133 μmol/l, n (%) 18 (2) 31 (4) 0.090
Preoperative delirium, n (%) 0 (< 1) 0 (< 1) < 0.001
Mini-Mental State Examination score†† 29 (27, 30) [13] 29 (27, 30) [13] 0.020
Barthel index, score‡‡ 100 (100, 100) [12] 100 (100, 100) [9] 0.058
Pathologically diagnosed cancer, n (%) 781 (92) 793 (92) 0.028
Type of cancer, n (%)§§   0.044
 Noncancer 72 (8) 66 (8)  
 Gastrointestinal∥∥ 292 (34) 295 (34)  
 Hepatobiliary-pancreatic## 80 (9) 71 (8)  
 Lung-esophageal-thymic*** 180 (21) 171 (20)  
 Genito-urinary and others††† 229 (27) 256 (30)  
Tumor-node-metastasis stage, n (%)‡‡‡   0.050
 Noncancer or 0 85 (10) 77 (9)  
 I 171 (20) 185 (22)  
 II 249 (29) 282 (33)  
 III 250 (29) 234 (27)  
 IV 98 (11) 81 (9)  
Study centers, n (%)   0.012
 Center 1 778 (91) 784 (91)  
 Center 2 18 (2) 15 (2)  
 Center 3 19 (2) 18 (2)  
 Center 5 1 (< 1) 3 (< 1)  
 Center 6 37 (4) 39 (5)  

The data are means ± SD, n (%), or median (interquartile range). Numbers in square brackets indicate patients with missing data. An absolute standardized difference of 0.095 or 
higher is considered imbalanced between the two groups.
*Included hyperthyroidism, hypothyroidism, nodular goiter, Hashimoto’s thyroiditis, and thyroid adenoma. †Alanine transaminase and/or aspartate transaminase higher than five times 
the upper normal limit. ‡Creatinine > 177 μmol/l. §Confirmed by pathologic examination. ||Smoking half a pack (10 cigarettes) per day for at least 1 yr, either former or current smoker. 
#Two drinks or more daily or weekly consumption of the equivalent of 150 ml of alcohol. **According to the Charlson comorbidity index without age. ††Scores range from 0 to 30, with 
higher scores indicating better function. ‡‡Scores range from 0 to 100, with higher scores indicating better function. §§Also see table S2 in the Supplemental Digital Content 2 (http://
links.lww.com/ALN/C627). ∥∥Including gastric, small intestinal, appendix, and colorectal cancer. ##Including liver, biliary duct, gallbladder, and pancreatic cancer. ***Including lung, 
esophageal cancer, and malignant thymoma. †††Including renal, urinary bladder, ureter, prostatic cancer, and other cancers in the pelvic cavity. ‡‡‡According to the American Joint 
Committee on Cancer 8th Edition Cancer Staging System; also see table S2 in the Supplemental Digital Content 2 (http://links.lww.com/ALN/C627).
ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease.

D
ow

nloaded from
 http://pubs.asahq.org/anesthesiology/article-pdf/135/2/233/511120/20210800.0-00015.pdf by C

leveland C
linic Foundation, D

aniel Sessler on 23 July 2021

http://links.lww.com/ALN/C627
http://links.lww.com/ALN/C627
http://links.lww.com/ALN/C627


 Anesthesiology 2021; 135:233–45 239

Epidural Anesthesia and Long-term Survival

Du et al.

promote cancer recurrence. Retrospective observational 
analyses have been inconsistent, with many showing bene-
fit13 and many others finding no difference.12

There are four post hoc analyses of cancer recurrence in 
patients who, for other reasons, were randomized to epidural 
with or without general anesthesia or general anesthesia 

alone.11 In a trial of 177 patients who had colon cancer surgery, 
survival was enhanced by epidural analgesia only in patients 
without metastasis before 1.5 yr—a somewhat implausible 
post hoc subgroup analysis.30 In 99 patients who had radical 
prostatectomies, combined general/epidural anesthesia did 
not significantly improve cancer-free survival (hazard ratio, 

table 2. Perioperative and Follow-up Data

 combined epidural–General anesthesia (n = 853) General anesthesia alone (n = 859) P value

Intraoperative data    
 Duration of anesthesia, h 4.8 (3.7, 6.0) 4.8 (3.7, 6.1) 0.806
 Intraoperative medications    
  Midazolam, mg 1.5 (1.0, 2.0) 1.5 (1.2, 2.0) 0.181
  Propofol, mg 780 (209, 1,165) 840 (300, 1,275) 0.058
  use of nitrous oxide, n (%) 534 (63) 599 (70) 0.002
  use of sevoflurane, n (%) 441 (52) 491 (57) 0.023
  Remifentanil, μg 120 (0, 763) 1,200 (600, 1,860) < 0.001
  Sufentanil, μg 20 (15, 30) 35 (25, 45) < 0.001
  use of vasopressors, n (%)* 491 (58) 384 (45) < 0.001
  use of glucocorticoids, n (%)† 771 (90) 775 (90) 0.908
 Intraoperative MAP, mmHg‡ 79 ± 7 83 ± 7 < 0.001
  SBP < 80 mmHg, min 0 (0, 4) 0 (0, 2) < 0.001
  SBP > 180 mmHg, min 0 (0, 0) 0 (0, 2) < 0.001
 Intraoperative hazard ratio, beats/min‡ 69 ± 10 67 ± 10 0.003
  HR < 40 beats/min, min 0 (0, 0) 0 (0, 0) 0.439
  HR > 100 beats/min, min 0 (0, 2) 0 (0, 2) 0.274
 Duration of surgery, h 3.8 (2.8, 5.0) 3.8 (2.8, 5.2) 0.902
 Location of surgery, n (%)   0.592
  Intrathoracic 205 (24) 197 (23)  
  Intraabdominal 648 (76) 662 (77)  
 Type of surgery, n (%)   0.377
  Open 587 (69) 574 (67)  
  Thoraco-/laparoscopic 266 (31) 285 (33)  
 Estimated blood loss, ml 100 (50, 300) 110 (50, 300) 0.469
 Intraoperative blood transfusion, n (%) 122 (14) 139 (16) 0.279
Postoperative data    
 ICu admission after surgery, n (%) 158 (19) 179 (21) 0.228
  With endotracheal intubation, n (%) 73 (9) 108 (13) 0.007
 Postoperative opioid analgesia    
  Epidural sufentanil, μg 124 (118, 125) 0 (0, 0) < 0.001
  Intravenous morphine, mg 0 (0, 0) 43 (38, 50) < 0.001
  Supplemental opioids, n (%) 96 (11) 95 (11) 0.898
 Delirium within 7 days, n (%) 15 (2) 43 (5) < 0.001
 Other complications within 30 days, n (%) 186 (22) 209 (24) 0.215
 Length of hospital stay, days 9 (7, 13) 9 (7, 13) 0.574
 30-day mortality, n (%) 6 (< 1) 2 (< 1) 0.283
Perioperative data    
 Sufentanil equivalent, μg§ 165 (145, 222) 203 (147, 274) < 0.001
 use of NSAIDs, n (%)|| 370 (43) 407 (47) 0.096
Long-term follow-up data    
 Time to last follow-up, month# 66 (61, 80) 66 (61, 80) 0.820
 Postoperative anticancer therapy, n (%) 266 (32) [14] 243 (28) [6] 0.149
  Radiotherapy 30 (4) [14] 45 (5) [6] 0.089
  Chemotherapy 203 (24) [14] 178 (21) [6] 0.101
  Reoperation 41 (5) [14] 32 (4) [6] 0.250
  Interventional therapy 8 (< 1) [14] 13 (2) [6] 0.401

The data are shown as the median (interquartile range), n (%), or mean ± SD. Numbers in square brackets indicate patients with missing data.
*Including ephedrine, phenylephrine, vasopressin, epinephrine, and norepinephrine. †Including dexamethasone, methylprednisolone, and hydrocortisone. ‡Average value during anes-
thesia. §Including those administered intra- and postoperatively (up to 7 days after surgery). Sufentanil 10 µg (iv) = sufentanil 10 µg (epidural) = fentanyl 100 µg (iv) = remifentanil 
100 µg (iv) = morphine 10 mg (iv) = morphine 30 mg (per os) =oxycodone 15 mg (per os) = dezocine 10 mg (iv) = tramadol 100 mg (iv) = pethidine 100 mg (iv). ||Including flurbiprofen 
axetil and parecoxib administered intra- and postoperatively (up to 7 days after surgery). #From the date of surgery to September 30, 2019.
HR, heart rate; ICu, intensive care unit; MAP, mean arterial pressure; NSAIDs, nonsteroid anti-inflammatory drugs; SBP, systolic blood pressure.
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1.33; 95% CI, 0.64 to 2.77; P = 0.44).31 In 132 patients 
who had major abdominal surgery for cancer, recurrence- 
free survival was improved by epidural analgesia (43% vs. 
24%) but not significantly so.32 The largest trial included 503 
patients who were randomized to epidural anesthesia or gen-
eral anesthesia for major abdominal cancer surgery. Epidural 
anesthesia did not improve cancer-free survival (adjusted 
hazard ratio, 0.95; 95% CI, 0.78 to 1.15; P = 0.61).33

There are also two randomized trials in which can-
cer recurrence was the primary outcome. Both tested 

paravertebral analgesia for breast surgery. One randomized 
180 patients who had radical mastectomies and observed 
no benefit from regional analgesia, although the trial was 
seriously underpowered.34 The second randomized 2,132 
women having breast cancer surgery. Although volatile anes-
thesia and opioid use was reduced, there was again no benefit 
from paravertebral analgesia.35 Both randomized trials spe-
cific to regional analgesia and cancer recurrence therefore 
showed no benefit. However, both were restricted to breast 
surgery, which provokes considerably less surgical stress 

Fig. 2. The Kaplan–Meier survival curves for overall survival (A) and cancer-specific survival (B). The multivariable Cox proportional hazards 
model adjusted for age, sex, body mass index, Charlson comorbidity index, type of surgery, location of surgery, type of cancer, tumor-node-me-
tastasis stage, and study center. Crosses indicate censored patients.
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response and postoperative pain than major abdominal or 
thoracic surgery. It thus remained possible that the putative 
benefits of regional analgesia on cancer recurrence would 
be apparent for larger operations.36 However, our results 
in 1,712 patients who had major abdominal or thoracic 
surgery provides robust evidence that overall and cancer- 
specific mortality and recurrence-free survival are not 
improved by regional analgesia. Taken together, available 
data from post hoc and specific randomized trials indicate 
that regional analgesia has no meaningful effect on recur-
rence or survival.

In the current study, patients with combined epidural– 
general anesthesia had slightly higher physical and psychologic 
domain scores 3 yr after surgery. However, the differences were 
not clinically meaningful, and the remaining two domains 
did not differ significantly. There was also no difference in 
cognitive function with the two anesthetic approaches. Thus, 
although combined epidural–general anesthesia significantly 
reduced delirium during the initial 7 postoperative days, it did 
not meaningfully improve any of our long-term outcomes.

Among the originally randomized patients, 95.0% 
(1,712 of 1,802) were included in our long-term fol-
low-up analysis. Patients were mainly excluded for 
technical reasons and therefore unlikely to result from 
attrition bias. Similarly, 2.7% of our patients were lost 
to follow-up, but missingness appears to be completely 
random and therefore unlikely to bias our conclusions. 
About 8% of our patients had noncancer surgery, but the 
fraction was comparable in each group. As might thus 
be expected, baseline characteristics were well balanced 
between the two groups.

A limitation is that sample size for the underlying trial 
was based on postoperative delirium rather than long-term 
survival. Nonetheless, with 681 deaths over a median of 
5.5-yr follow-up, our study was well powered to detect 
even 10% benefits from epidural analgesia and had 99% 
power for detecting 20% differences.

We here present follow-up results of patients enrolled in 
an underlying trial with a predefined primary endpoint of 
long-term overall survival after surgery. As is common in large 

table 3. Long-term Outcomes

 events, n (%)

Unadjusted adjusted

Hazard ratio (95% ci)* P value Hazard ratio (95% ci)† P value

Primary endpoint      
 Overall survival      
  Combined epidural–general anesthesia (n = 853) 355 (42) 1.14 (0.98 to 1.32) 0.095 1.07 (0.92 to 1.24) 0.408
  General anesthesia alone (n = 859) 326 (38) Reference  Reference  
 Overall survival (per-protocol analysis)      
  Combined epidural–general anesthesia (n = 772) 311 (40) 1.10 (0.94 to 1.29) 0.230 1.03 (0.88 to 1.20) 0.749
  General anesthesia alone (n = 822) 309 (38) Reference  Reference  
Secondary endpoints      
 Cancer-specific survival‡      
  Combined epidural–general anesthesia (n = 853) 327 (38) 1.17 (1.00 to 1.37) 0.055 1.09 (0.93 to 1.28) 0.290
  General anesthesia alone (n = 859) 292 (34) Reference  Reference  
 Recurrence-free survival§      
  Combined epidural–general anesthesia (n = 853) 401 (47) 1.05 (0.92 to 1.21) 0.462 0.97 (0.84 to 1.12) 0.692
  General anesthesia alone (n = 859) 389 (45) Reference  Reference  
 Event-free survival||      
  Combined epidural–general anesthesia (n = 853) 466 (55) 1.05 (0.92 to 1.20) 0.442 0.99 (0.86 to 1.12) 0.815
  General anesthesia alone (n = 859) 450 (52) Reference  Reference  
Prespecified outcomes of cancer patients      
 Overall survival      
  Combined epidural–general anesthesia (n = 781) 342 (44) 1.14 (0.98 to 1.33) 0.088 1.06 (0.91 to 1.24) 0.449
  General anesthesia alone (n = 793) 316 (40) Reference  Reference  
 Cancer-specific survival‡      
  Combined epidural–general anesthesia (n = 781) 327 (42) 1.18 (1.01 to 1.38) 0.039 1.09 (0.93 to 1.28) 0.290
  General anesthesia alone (n = 793) 292 (37) Reference  Reference  
 Recurrence-free survival§      
  Combined epidural–general anesthesia (n = 781) 388 (50) 1.06 (0.92 to 1.22) 0.448 0.97 (0.84 to 1.11) 0.631
  General anesthesia alone (n = 793) 379 (48) Reference  Reference  
 Event-free survival||      
  Combined epidural–general anesthesia (n = 781) 442 (57) 1.05 (0.92 to 1.20) 0.451 0.98 (0.86 to 1.12) 0.743
  General anesthesia alone (n = 793) 429 (54) Reference  Reference  

*Survival analysis and log-rank test. †Multivariable Cox proportional hazards model adjusted for age, sex, body mass index, Charlson comorbidity index, type of surgery, location of 
surgery, type of cancer, tumor-node-metastasis stage, and study center. ‡Cancer-specific death. §Death, recurrence, or metastasis, whichever came first. ||Death, recurrence, metas-
tasis, new cancer (confirmed by pathologic examination) or new noncancer disease (required hospital readmission and/or surgery, table S4 in Supplemental Digital Content 2, http://
links.lww.com/ALN/C627), which ever came first.
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trials, we separately compared short-term outcomes pre-
sented in a companion article and long-term outcomes pre-
sented here. The outcomes for each part of the analysis were 
physiologically distinct and separated by year. We therefore 

did not correct for multiple outcomes. However, compen-
sation for multiplicity would not change our interpretations.

Patients randomized to epidural analgesia were given 
epidural sufentanil, a short-acting opioid, whereas those 

Fig. 3. Forest plot of all patients. The forest plot assesses interactions between preselected baseline factors and the effect of combined 
epidural–general anesthesia versus general anesthesia alone on overall survival. Hazard ratios and adjusted 95% CIs are shown. The esti-
mated overall hazard ratio was derived from a multivariable Cox proportional hazards model adjusted for preselected baseline factors of 
age, sex, body mass index, Charlson comorbidity index, type of surgery, location of surgery, type of cancer, tumor-node-metastasis stage, 
and study center. For the subgroup analyses, we assessed the treatment-by-covariate interaction on the primary outcome, adjusting for the 
same baseline variables.
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assigned to intravenous analgesia were given intravenous 
morphine, which is a long-acting opioid. The two opi-
oids may exert different effects on cancer growth, angio-
genesis, and immunosuppression and therefore complicate 
the explanation of our results.37 Finally, there are surely 
unknown factors that potentially affected patient survival, 
especially tumor characteristics; but again, it seems unlikely 
that there were systematic differences linked to anesthetic 
management in this large randomized trial.

In summary, in elderly patients having major non-
cardiac thoracic and abdominal surgery, combined  
epidural–general anesthesia with epidural analgesia did 
not improve overall or cancer-specific survival. Combined 
epidural–general anesthesia or general anesthesia with 
intravenous opioid analgesia can therefore reasonably be 
selected based on short-term outcomes, along with patient 
and clinician preference.
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M.D.
Peking University Clinical Research Institute, Peking 
University Health Science Center, Beijing, China: Ping Ji, 
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O’Dwyer’s Intubation Set Disrupts Diphtheria’s Dyspnea

Derived from the ancient Greek diphthera, or “leather hide,” Corynebacterium diphtheriae formed a leathery 
laryngeal pseudomembrane that often obstructed the airway. Diphtheria outbreaks devastated entire insti-
tutions like the New York Foundling Hospital (NYFH) on Manhattan’s Upper East Side. NYFH physician 
Joseph O’Dwyer, M.D. (1841 to 1898), developed an intubation set (lower right) to prevent lethal asphyxiation 
from diphtheria and to circumvent the need for pediatric tracheostomy, which was associated with a high 
mortality risk. The technique he invented in 1885 involved the operator placing a mouth gag in an awake, 
restrained child and digitally lifting the epiglottis while blindly intubating the larynx with a metal cannula 
(upper right). O’Dwyer meticulously elongated and reshaped the tube over a decade to prevent tissue erosion 
and expectoration with cough (left). Initially ridiculed but ultimately revered, the O’Dwyer Method laid 
the groundwork for future acceptance of tracheal intubation during general anesthesia. (Copyright © the 
American Society of Anesthesiologists’ Wood Library-Museum of Anesthesiology, Schaumburg, Illinois.)
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