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Background: This meta-analysis was conducted to compare cancer recurrence
and survival rates in patients with bladder cancer receiving surgery under general
anesthesia alone (i.e., GA group) or regional anesthesia (RA) with or without GA
(i,e., RA + GA group).

Methods: Literature search on Cochrane library, EMBASE, Google scholar, and
Medline databases was performed to identify all relevant studies from inception
to April 30, 2022. The primary outcome was cancer recurrence rate, while the
secondary outcomes included overall survival rate and cancer-specific survival
rate. Subgroup analyses were performed based on study design [(Propensity-
score matching (PSM) vs. no-PSM)] and type of surgery [transurethral resection of
bladder tumor (TURBT) vs. radical cystectomyl.

Results: Ten retrospective studies with a total of 13,218 patients (RA + GA group
n=4,884, GA group n=8,334) were included. There was no difference between
RA + GA group and GA group in age, the proportion of males, severe
comorbidities, the proportion of patients receiving chemotherapy, and the
pathological findings (all p >0.05). Patients in the RA + GA group had
significantly lower rate of bladder cancer recurrence [odds ratio (OR): 0.74,
95%Cl: 0.61to 0.9, p=0.003, 1% = 24%, six studies] compared to those in the GA
group. Subgroup analyses based on study design revealed a consistent finding,
while the beneficial effect of RA + GA on reducing cancer recurrence was only
significant in patients receiving TURBT (p=0.02), but not in those undergoing
radical cystectomy (p=0.16). There were no significant differences in overall
survival rate and cancer-specific survival rate between RA + GA and GA groups.
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Conclusions: For patients receiving surgery for bladder cancer, the application of
regional anesthesia with or without general anesthesia is associated with
significant decrease in cancer recurrence, especially in patients undergoing
TURBT for non-muscle invasive bladder cancer. Because of the limited
number of studies included and potential confounding factors, our results
should be interpreted carefully.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, identifier
CRD42022328134.
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1 Introduction

Bladder cancer is a common cancer with up to four times higher
incidence in men than women (1). Cancer recurrence is still the
leading cause of death in those with bladder malignancies (2). When
indicated, surgery remains as the preferred therapy in non-
metastatic bladder cancers (2). Cancer recurrence and survival
rate are affected by many kinds of factors, such as tumor-related
factors (3, 4), including circulating tumor DNA, tumor diameter,
lymph node metastasis and pathological type. It has been suggested
that the choice of anesthesia technique during surgery for cancer
resection could affect postoperative oncological outcomes including
cancer recurrence (5-7). Many mechanisms have been proposed by
which anesthetics could induce immunosuppression and promote
cancer metastasis (5, 7).

Regional anesthesia (RA) including nerve and neuraxial blocks
with epidural or spinal anesthesia has been associated with
improved long-term survival, and fewer recurrences in different
cancers (8-10). Numerous amounts of retrospective studies were
conducted to compare postoperative outcomes of patients receiving
general anesthesia (GA) alone or regional anesthesia with or
without general anesthesia (RA + GA) (5, 8-10). The association
between RA and favorable oncological outcomes is yet to be
determined. Based on current available data, there are not enough
evidence to support the use of RA rather than GA to decrease
perioperative immunosuppression, angiogenesis, and cancer
metastasis (7).

Regional anesthesia and analgesia are commonly used during
bladder cancer surgeries. And it has been reported that in patients
undergoing surgery for bladder cancer, RA was associated with
lower postoperative cancer recurrence (11) and higher survival rates
compared to GA alone (12-14). Nevertheless, when compared to
GA, RA during bladder cancer surgery was reported to have worse
oncological outcomes (15), increased risk of perioperative
complications, higher hospital readmission rates, and longer
length of hospital stay (16). Therefore, to incorporate the
principle of “do no harm”, it is essential to critically investigate
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the role of RA in postoperative oncological outcomes after bladder
cancer surgery and exclude any possible harm related to
intraoperative use of RA.

This meta-analysis aims to evaluate the impact of RA, spinal or
epidural, on postoperative oncologic outcomes in bladder cancer
patients. We hypothesize that RA could decrease postoperative
cancer recurrence in bladder cancer patients.

2 Methods

This meta-analysis was conducted in accordance with the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)
guidelines (17) and registered with the International Prospective
Register of Systematic Reviews (CRD42022328134).

2.1 Data source and search strategy

Literature search was conducted for all relevant studies on
Cochrane library, EMBASE, Google scholar, and Medline
databases. The search covered all studies from inception to April
30, 2022 using the following search terms: (“Bladder cancer” or
“Bladder Neoplasm*” or “Bladder Tumor*” or “Transurethral
Resection of Bladder Tumor*” or “TURBT” or “Cystectomy”) and
(“anesthetic technique” or “epidural” or “spinal” or “neuraxial
blockade” or “regional anesthesia” or “regional analgesia” or
“Extradural Anesthesia” or “Peridural Anesthesia” or “intrathecal”)
and (General anesthesia*) and (“Recurrence” or “metastasis” or
“Disease-Free Survival” or “Progression-Free Survival” or “Survival”
or “Prognosis” or “mortality”). The search strategy for one of these
databases are demonstrated in Supplemental Table 1.

2.2 Eligibility criteria

Studies are considered eligible based on the PICO (population,
intervention, comparison, and outcome) format: (P) adults with
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bladder cancer undergoing a variety of surgeries for bladder cancer
treatment, (I) regional anesthesia including spinal and epidural
anesthesia with or without administration of general anesthesia (i.e.,
RA + GA group), (C) general anesthesia alone with volatile or total
intravenous anesthesia and (i.e., GA group) (O) recurrence rate,
overall survival rate, and cancer-specific survival rate. References of
the retrieved studies were also reviewed for eligibility of being
included in the current study.

Only original articles with adult patients (>18years old) who
underwent surgery for treatment of bladder cancer were included.
Studies presented as letters, abstracts, reviews, and case reports were
excluded. Studies that used conscious sedation or peripheral nerve
block as the anesthetic technique were excluded. We also excluded
studies in which outcomes or anesthesia techniques were not clearly
described and studies without a control group. No restriction was
placed on gender, study design, study location, language, and
sample size during literature search.

2.3 Study selection

Study selecting as well as data collecting, and risk assessment
were independently performed by two authors. First, the titles and
abstracts of all retrieved articles were screened for eligibility of being
incorporated into the present study. Next, the full texts of all
potentially eligible studies were screened according to the
inclusion and exclusion criteria. All disagreements were settled by
consulting a third independent reviewer.

2.4 Data extraction

The following details were extracted from each report: year of
publication, first author, characteristics of participants, sample size,
type of surgery, study design [Propensity-score matching (PSM) vs.
no-PSM], American Society of Anesthesiologists physical status
(ASA-PS), proportion of gender, anesthetic techniques, anesthetic
agents, recurrence rate, survival-related information, and
information regarding histological examination and pathological
Tumor-Node-Metastasis (pTNM) Staging if available. Data were
extracted and assessed for applicability by two reviewers and
discrepancies were settled by a third reviewer. We planned to
contact the authors of the included articles if data confirmation
was needed in an attempt to access the original data.

2.5 Outcomes and subgroup analysis

Patients were divided into two groups based on anesthesia
technique, RA + GA group and GA alone group. The primary
outcome was cancer recurrence rate, while the secondary outcomes
included overall survival rate and cancer-specific survival rate.
Factors such as age, proportion of male gender, severe
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comorbidities, chemotherapy treatment, and findings on
histological examination as well as pTNM Staging were evaluated
for significancy between the 2 groups. The definitions of these
factors were according to what was originally presented in included
studies. Patients with severe comorbidities were defined as those
with ASA-PS > 3, Charlson comorbidity score >2, age-adjusted
comorbidity index>5, or patients with cerebral vascular disease.
Additionally, a subgroup analysis was performed based on study
design [PSM vs. no-PSM] and type of surgery [transurethral
resection of bladder tumor (TURBT) vs. radical cystectomy].

2.6 Risk of bias assessment and certainty
of evidence

The Quality in Prognostic Studies (QUIPS) tool was applied to
assess the risk of bias (methodological quality) for the included
studies (18-20). Studies were checked by QUIPS tool based on six
domains including: study participation, study attrition, prognostic
factor measurement, outcome measurement, adjustment for other
prognostic factors, and statistical analysis and reporting. Each
domain was assigned a low, moderate, or high risk of bias.
Studies were defined as having an overall low risk of bias when
all the six domains are rated as having low (or low to moderate) risk
of bias.

The Grading of Recommendations Assessment, Development
and Evaluation (GRADE) (21, 22) was adopted and the certainty of
the evidence for our primary and secondary outcomes was assigned
to four grades (i.e., high, moderate, low, and very low). Certainty of
evidence was evaluated by two independent reviewers based on the
probability of study limitations, publication bias, effect consistency,
imprecision, and indirectness. All doubts about certainty ratings
were settled through discussion.

2.7 Data synthesis and analysis

Cochrane Review Manager (RevMan 5.3; Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration, 2014) was
used for meta-analysis. The pooled results were presented as odds
ratios (ORs) and mean difference (MD) with 95% confidence
intervals (CIs), respectively. The degree of study heterogeneity
was assessed with I? statistics (23). A substantial level of
heterogeneity was defined by an I* greater than 50%. The
outcomes of the analyses were evaluated using a random effects
model on the basis that there is heterogeneity across the studies
included in the study. We assessed the potential publication bias of
the results by visually inspecting a funnel plot when we encountered
ten or more trials reporting the same outcome. Sensitivity analysis
was performed with a leave-one-out approach to weigh the
potential influence of the data from an individual trial on the
overall outcome. The level of significance was set at <0.05 for all
outcome analyses.
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3 Results
[ Identification of studies via databases and registers ]
3.1 Study selection and characteristics ]
§ Records identified from:
o . . o g 1. Medine {n=24) Duplicate records removed (n =
Database searching identified 209 potentially eligible records at % L o o = 16 26)
initial search from Medline, EMBASE, Cochrane library, and 2| | # Googlescholar(n=119)
Google scholar. Duplicated records (n=26) and those that did not — l
meet the inclusion criteria by title and abstract (n=161) were —
excluded. Twenty-two studies with full-texts available were Recirndiigse)e ned aRt?;?;i(s(?'lxg“:I‘gj? by e and
assessed for eligibility. After final evaluation, ten trials were l
included with a total of 13,218 patients (RA + GA group n=4,884, ]
Reports sought for retrieval B
GA group n=8,334). The included studies were published from 2016 = n=22) Repoits not fefrieved (n =)
t02022 (5, 11-16, 24-26) and according to publication dates, six out g 1
of ten studies were published in recent five years (5, 11, 12, 14-16). ° Repoits assessed for dligibilly P Reven artiies (0= 2)
A flow diagram depicting the process of study selection is =22 © Conterance shataet (n = 4)
demonstrated in Figure 1' ® Inclusion criteria not met (n = 5)
All studies were conducted in a retrospective design and study
characteristics are listed in Table 1. Patients age ranged from 62 to pu
74 years with wide variation in sample size ranging from 161 to % Studies included in review
7,857. The proportion of male gender was between 71% and 84%. E o=
Participants received TURBT in six studies (5, 11-14, 24), while FI;“
radical cystectomy (RC) was performed in four other studies (15, Preferred reporting items for systematic reviews and meta-analyses
16, 25, 26). RA was provided in several ways, including spinal (PRISMA) flow diagram.

anesthesia in four studies (11, 12, 14, 24), epidural anesthesia in one

TABLE 1 Characteristics of studies (n = 10).

Year of Mean
patient Age Male Total RA GA RA Type of Country
%)* n=13,218 n=4,884 n=8,334 rou surge
enrollment | (years)? (%) ( 218) | (n=4,884) | (n=8,334) | group gery
78 vs. 5
1 14 1 A TURBT
Baba 2021 | 2010-2016 7 84 300 7 >3 S UR No Japan
hipollini 73 vs.
Chipollini 69 vs. 70° 3 430 215 215 EA+GA RC Yes > USA
2018 2008-2012 82
83 vs. 5
, 63 vs. 61 v 876 718 158 SA TURBT  Yes Korea
Choi 2017 | 2000-2007 78
Doi 79 vs. 5
oiron NA v 1628 887 741 EA+GA RC No Canada
2016 2004-2008 73
78 vs. 5
62 vs. 68 161 137 24 SA/EA | TURBT N K
Jang 2016 2001-2008 v 71 / ° orea
Koumpan 81 vs. 3-5%
72 231 135 A TURBT N d
2018 2011-2013 65 vs 30 3 96 S U o Canada
79 vs. 6-10
67 vs. 67 v 1164 582 582 SA/EA | TURBT  Yes f Korea
Lee 2022 2007-2011 79
80 vs. 5
A 74 vs, 74° v 7857 1748 6109 EA RC Yes USA
Miller 2020 | 2002-2014 81
Weingarten 83 vs. 10
68 vs. 68 390 195 195 SA+GA RC Y USA
2016 1998-2007 v 79 * o
Yil 84 vs. 3
vmaz 63 vs. 61 I 181 120 61 SA TURBT = No Turkey
2020 2013-2016 77

PSM: Propensity-score matching;

“presented as RA vs. GA;

Ppresented as median;

RA: regional anesthesia; GA: general anesthesia; RC: Radical cystectomy; TURBT: transurethral resection of bladder tumor; SA: spinal anesthesia; EA: epidural anesthesia; NA: not available;
‘fFollow-up information was gathered on all patients in September 2017;

$Follow-up information was gathered on all patients in December 2016.
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study (16), and in two reports patients received a combination of
spinal and epidural anesthesia (5, 13). A combination of GA and RA
with either epidural or spinal was reported in three other studies
(15, 25, 26). The use of a solution of local anesthetics only was used
in four studies (12-14, 24), two studies reported the administration
of opioids for RA (15, 26) and four manuscripts did not provide
details on the type of anesthetics used for RA (5, 11, 16, 25). As for
the GA group, five studies used volatile agents for maintenance (12—
14, 24, 26), while other studies did not provide the information (5,
11, 15, 16, 25). In terms of statistical analysis, a PSM was utilized in
five of the studies (5, 15, 16, 24, 26). Finally, the included 10 studies
were conducted in five countries. Three studies were conducted in
Korea (5, 13, 24), two in Canada (11, 25), three in USA (15, 16, 26),
one in Japan (12), and one in Turkey (14).

3.2 Risk of bias assessment

The risk of bias for all enrolled studies is shown in Figure 2.
Regarding study participation, moderate risk of bias was considered
in five studies due to differences in patient characteristics (e.g., age
or male proportion) (11-13, 15, 25). As for the other five studies,

c 2]
S 8
‘c'“‘ o)
=3 G
(]
£ X
® =
Q =
> ©
3 g
& é
Baba 2021 | ' ? ?
Chipollini 2018 | (2 ?
Choi 2017 | @ ®

Doiron 2016 | *?

Jang 2016 | (?

Koumpan 2018

Lee 2022

Miller 2020

Weingarten 2016

' . . . . . . ’ . . Statistical analysis and reporting
N}

. . . . . . . . . . Adjustment for other prognostic factors
® e e e

‘ . ' . . ‘ ‘ . . . Prognostic factor measurement
. ‘ . . . . . . . . Outcome measurement

’ ’ . . . . ’ . . . Study attrition

Yilmaz 2020

FIGURE 2
Risk of bias assessment based on Quality in Prognostic Studies
(QUIPS) tool. Green: low risk; Yellow: moderate risk.
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risk of bias was considered as low not only for study participation,
but also study attrition, prognostic factor measurement, outcome
measurement, adjustment for other prognostic factors, and
statistical analysis and reporting (5, 14, 16, 24, 26). Therefore, the
overall risk of bias was moderate in the five of the studies (11-13, 15,
25), and low in the other five (5, 14, 16, 24, 26).

3.3 Results of syntheses

3.3.1 Comparison of baseline characteristics and
pathological classification between combined RA
+ GA group and GA group

There was no difference between RA + GA group and GA group
in age (MD=0.55 years, 95% CI: -0.7 to 1.79, p=0.39) (Figure 3A),
the proportion of male gender (OR=0.94, 95% CI: 0.74 to 1.2,
p=0.63) (Figure 3B), severe comorbidities (OR=1.03, 95% CI: 0.75
to 1.42, p=0.86) (Figure 3C), and the rate of patients receiving
chemotherapy (OR=1.01, 95% CI:0.71 to 1.43, p=0.96) (Figure 3D).
The pathological classification between both groups is
demonstrated in Figure 4, which showed no difference in tumor-
related parameters. Nevertheless, it appeared that the proportion of
patients with muscle invasive bladder cancer (i.e., pathological
staging T>2) was higher in the GA group (i.e., 62.6%, 4777/7632)
than that in the RA = GA group (i.e., 54.7%, 2203/4030) without

statistical significance.

3.3.2 Primary outcome: Postoperative cancer
recurrence rate

Six studies involving 3,391 patients provided the information
regarding postoperative recurrence rate. Overall, the meta-analysis
demonstrated a lower recurrence rate in the RA + GA group
compared to that in the GA group (OR:0.74, 95% CI: 0.61 to 0.9,
p=0.003, 12 = 24%) (Figure 5A).

Subgroup analysis was conducted based on statistical analysis
(PSM or not), and type of surgery (TURBT or radical cystectomy).
Using PSM had no significant effect on the difference in cancer
recurrence rate between the two groups (Figure 5B). However, the
type of surgical intervention significantly influenced recurrence rate
in RA + GA group (Figure 5C). Specifically, the recurrence rate was
lower in RA + GA group undergoing TURBT (OR=0.7, 95% CI:
0.52 to 0.95, p=0.02, ?- 53%), but not in those undergoing radical
cystectomy (OR=0.79, 95% CI: 0.57 to 1.1, p=0.16, ? -
0%) (Figure 5C).

3.3.3 Secondary outcomes: Overall survival rate
and cancer-specific survival rate

Postoperative overall survival rate was extracted from five
studies. There was no significant difference in this outcome
between RA + GA group and GA alone group (OR=1.28, 95% CI:
0.9 to 1.81, p=0.17, I* = 46%) (Figure 6A). Three studies comprised
details on postoperative cancer-specific survival rate, which again
was not impacted by the type of anesthetic techniques (OR=0.83
95% CI: 0.62 to 1.09, p=0.18, 2= 54%) (Figure 6B). In addition, one
study investigating the impact of epidural anesthesia use on survival
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A RA+GA GA alone Mean Difference Mean Difference
Study or Subgrou, Mean SD Total Mean SD_Total Weight 1V. Random, 95% CI IV. Random.95%Cl
Choi 2017 62 12 718 61 13 158 13.6% 1.00[-1.21,3.21] ]
Jang 2016 62 108 137 68 9 24 6.8% -6.00[-10.03,-1.97]
Koumpan 2018 71.72 1057 135 65 10.86 96 10.8% 6.72[3.91,9.53]
Lee 2022 66.75 6.09 582 66.5 6.06 582 222% 0.25[-0.45, 0.95] ™
Miller 2020 74 59 1748 743 6.7 6109 23.5% -0.30 [-0.62, 0.02] "
Weingarten 2016 67.8 104 195 68.2 10 195 14.6% -0.40 [-2.43, 1.63] T
Yilmaz 2020 632 112 120 61.2 112 61 8.4% 2.00[-1.45, 5.45] ]
Total (95% Cl) 3635 7225 100.0% 0.55[-0.70, 1.79] ?

Heterogeneity: Tau? = 1.69; Chi” = 35.71, df = 6 (P < 0.00001); I> = 83%
Test for overall effect: Z = 0.86 (P = 0.39)

B

_ Study or Subgroup

Baba 2021
Chipollini 2018
Choi 2017
Doiron 2016
Jang 2016
Koumpan 2018
Lee 2022

Miller 2020
Weingarten 2016
Yilmaz 2020

Total (95% CI)
Total events

Heterogeneity: Tau? = 0.09; Chi? = 35.10, df = 9 (P < 0.0001); I* = 74%

RA +GA GA alone
Events Total Events Total Weight
115 147 129 153 82%
156 215 176 215 10.2%
436 718 124 158 11.1%
698 887 539 741 14.3%
107 137 17 24 4.4%
109 135 7 96 7.3%
460 582 460 582 13.4%
345 1748 1153 6109 15.7%
162 195 155 195  9.4%
101 120 47 61 6.0%
4884 8334 100.0%

2689 2877

-10

5 5
Favours [RA=GA] Favours [GA]

10

Odds Ratio Odds Ratio
M-H. Random, 95% CI M-H, 95% Cl
0.67[0.37, 1.20] -
0.59[0.37, 0.93]
0.42[0.28, 0.64] —
—

1.38[1.10, 1.74]
1.47 [0.56, 3.87]
1.03 [0.53, 2.00]
1.00[0.75, 1.33]
1.06 [0.92, 1.21]
1.27[0.76, 2.11]
1.58[0.73, 3.43]

0.94 [0.74, 1.20]

—_
-

-

Test for overall effect: Z = 0.48 (P = 0.63) 01 l?;/ours [g;‘foA] Favouzrs [GA] 5 10
c RA*GA GA alone Odds Ratio Odds Ratio
_Study or Subgroup _ Events Total Events Total Weight M-H 95% CI M-H 95%Cl

Baba 2021 6 147 7 183 5.5% 0.89[0.29, 2.71] 1T

Chipollini 2018 105 215 128 215 13.4% 0.65[0.44, 0.95] ™

Choi 2017 21 718 5 158 6.4% 0.92[0.34, 2.48] 1

Doiron 2016 112 887 95 741 14.5% 0.98[0.73, 1.32] T

Jang 2016 10 137 4 24 4.7% 0.39[0.11, 1.38] B
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Lee 2022 55 582 55 582 13.3% 1.00[0.68, 1.48] T

Miller 2020 1010 1748 2760 6109 16.2% 1.66 [1.49, 1.85] -

Weingarten 2016 107 195 109 195 13.2% 0.96 [0.64, 1.43] T

Yilmaz 2020 1 120 2 61 1.6% 0.25[0.02, 2.79] I

Total (95% CI) 4884 8334 100.0% 1.03 [0.75, 1.42] <

Total events 1524 3216 . ) ) )
Heterogeneity: Tau® = 0.16; Chi* = 47.28, df = 9 (P < 0.00001); I =81% p i y y
Test for overall effect: Z = 0.17 (P = 0.86) 0.01 Favo%:s [RA:GA]1 Favours [(132] 100
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FIGURE 3

Forest plot showing comparison of (A) age; (B) male gender; (C) severe comorbidities; and (D) chemotherapy treatment between RA + GA group

and GA alone group. RA, regional anesthesia; GA, general anesthesia.

outcomes in 7857 patients undergoing radical cystectomy also
reported that the use of RA was not associated with decreased
overall survival rate (hazard ratio (HR): 0.99, 0.95-1.04, p=0.73) or
cancer-specific survival rate (HR: 0.96, 0.90-1.02, p=0.20) (16).

3.4 Sensitivity analysis and evidence
of GRADE

Sensitivity analysis demonstrated consistent findings on cancer-
related outcomes. The quality of evidence according to the GRADE
system is presented in Supplementary Table 2. The level of evidence
for recurrence rate was graded as low, while the levels of evidence
for both overall survival rate and cancer-specific survival rate were
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graded as very low. The level of evidence was downgraded due to
inconsistency or imprecision.

4 Discussion

The purpose of this present meta-analysis was to evaluate the
impact of neuraxial regional anesthesia on postoperative bladder
cancer recurrence, overall survival, and cancer-specific survival.
Based on QUIPS tool, risk of bias for included studies were low
to moderate. When compared to GA alone, the use of RA + GA was
associated with significantly lower rate of cancer recurrence
(p=0.003). Based on study design, the RA + GA group had
significantly lower recurrence rate in studies with (p=0.003) or
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FIGURE 4

Forest plot showing comparison of pathological findings between
RA + GA group and GA alone group. RA, regional anesthesia; GA,
general anesthesia; Cl, confidence interval

without (p=0.04) adopting PSM. However, the beneficial effect of
RA was only significant in patients receiving TURBT (p=0.02, I* =
53%), but not in those undergoing radical cystectomy (p=0.16).
The choice of anesthetics was reported to influence the course of
cancer progression (7, 27-29). Previous studies and meta-analysis
suggested that when compared to volatile anesthesia, total
intravenous anesthesia with propofol significantly improved
recurrence-free survival and overall survival (30-33). The use of
GA and perioperative opioids as well as even pain itself could
significantly suppress the immune response and influence the
proliferation of cancer cells, recurrence, and survival in numerous
proposed mechanisms (7, 27-29, 34-38). Nonetheless, it has been
theorized that RA could have a positive impact on postoperative
oncological outcomes by attenuating the perioperative opioid,GA and
surgical stress related immunosuppressive effects (5, 7, 39, 40). Several
reviews and meta-analysis were conducted in the past to evaluate the
effect of RA on oncological outcomes in patients undergoing cancer
resection surgery (35, 39, 41-46). Still, no meta-analysis is available to
investigate the impact of RA in bladder cancer solely. A previous
meta-analysis had investigated the impact of RA on cancer
recurrence where 30% of the included studies were in bladder
cancer (41). When several cancers discussed collectively, meta-
analysis results neither supported nor strongly advised against the
use of RA intraoperatively (35, 41, 44, 46). To the best of our
knowledge, this is the first meta-analysis for the influence of RA on
postoperative oncological outcomes exclusively in bladder cancer.
Despite our current results, two recent studies suggested that RA
for bladder cancer surgery was significantly associated with worse
cancer and non-cancer related outcomes (15, 16). For example, one
study reported that epidural anesthesia using sufentanil was associated
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with worse recurrence and disease-free survival (15). While epidural
use in another study increased the risk of perioperative complications,
hospital readmission and the duration of hospitalization, without
improvement in the disease specific survival (16). These findings
may not only question the benefit of RA but also alert to the potential
harmful effects from using RA for bladder cancer surgery. Compared
with patients undergoing TURBT who require minimal postoperative
pain control with opioids, it is conceivable that the use of regional
anesthesia or analgesia cannot completely obliterate the use of opioids
because of the extent of surgery in those receiving radical cystectomy
(47). Taking into account the finding of a dose-dependent opioid
suppression of the human cellular immune system from a previous
study (48), the use of opioids in patients undergoing radical
cystectomy may partly explain the lack of significant beneficial
impact of RA on their long-term prognosis. Moreover, in contrast
to patients subjected to TURBT, those receiving radical cystectomy
have a more progressive disease that may overshadow the benefits of
RA. In addition, local anesthetics have shown anti-metastatic effects by
several mechanisms that involves anti-angiogenic, inhibiting cell
migration and invasion (29). Therefore, choosing opioid based
epidural (15) or spinal analgesia (26) instead of local anesthetics,
may for sure reduce the amount of intravenous opioids but it clearly
does not satisfy the concept of using RA to achieve an opioid sparing
anesthesia. Adverting to a very important point that we must be
mindful of in future research covering the effect of anesthesia
technique on postoperative cancer outcomes, which is the type of
drug used for RA during cancer resection surgery.

Bladder cancers are staged based on the degree of muscle
invasion (2, 49). Most bladder cancers are non-muscle invasive;
therefore they can be resected for staging and histological
identification by TURBT (49). Studies suggested that TURBT
under RA was associated with lower cancer recurrence and better
survival rate (11-13, 24). However, RA use for radical cystectomy
has no significant impact on cancer recurrence, cancer-specific
survival, or overall survival rates (25, 26). Our results were
consistent with the findings in previous studies and the
association between type of bladder surgery and the beneficial
effect from RA in TURBT but not in radical cystectomy could be
easily explained by disease severity, stage of cancer and invasiveness
at the time of operation (50). Moreover, non-muscle invasive
bladder cancer could progress to muscle-invasive cancer (51),
requiring longer operation time and much complicated surgical
resection with radical cystectomy, which is commonly followed by
urinary diversion and neobladder reconstruction. The unfavorable
effects of prolonged anesthesia on postoperative non-cancer related
outcomes are not discussed in this research. However, for advanced
bladder cancer requiring radical cystectomy, it is reasonable to
expect higher morbidities and postoperative complications. Future
reviews or clinical trials that aim to study the impact of RA or any
other anesthesia technique on postoperative bladder cancer
recurrence and survival rates, must consider dividing the patients
in a more precise way based on cancer invasiveness or type of
surgery instead of collectively placing all patients under the same
heading, as bladder cancer patients.

This meta-analysis was based on retrospective studies;
therefore, it is subject to several limitations. First, although our
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FIGURE 5

Forest plot showing (A) overall recurrence rate in the RA + GA group compared to the GA alone group; (B) subgroup analysis of cancer recurrence
rate based on study design; and (C) subgroup analysis of cancer recurrence rate based on type of surgery. RA, regional anesthesia; GA, general
anesthesia; Matching, used propensity-score matching; No matching, Did not use propensity-score matching; TURBT, transurethral resection of

bladder tumor; RC, radical cystectomy

findings from meta-analysis of observational studies may be useful
for identifying associations and generating hypotheses, definite
causality cannot be established. Compared with observational
studies, randomized controlled trials are more reliable for
establishing causality due to a better control for confounding
factors to minimize bias. Second, in an effort to limit possible
influence by confounding factors that could affect cancer
recurrence, we accounted for age, male gender, severe
comorbidities, and treatment with chemotherapy. In addition, we
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minimized the heterogeneity in this meta-analysis by including
studies focusing on bladder cancer only. However, other factors
could still highly influence our results such as the difference in
pathological findings (e.g., pPTNM staging), surgical techniques, and
the use of different medications and anesthesia techniques during
regional or general anesthesia (e.g., total intravenous anesthesia or
inhalation anesthesia). As shown in Figure 4, despite the lack of
statistical significance, the higher proportion of patients with
muscle invasive bladder cancer in the GA group than in the RA +
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FIGURE 6

Forest plot showing (A) overall survival rate and (B) cancer-specific survival rate in the RA + GA group compared to the GA alone group. RA, regional

anesthesia; GA, general anesthesia.

GA group may impair the robustness of our primary outcome.
Third, since laparoscopic surgeries are being performed more
frequently nowadays, postoperative outcomes after radical
cystectomy could also be influenced by adopting laparoscopic or
traditional open surgery. Finally, RA provides sufficient anesthesia
and pain control during and after the operation and it should be
conducted whenever needed. The association between RA and
cancer outcomes is still controversial and needs further clinical
investigation and carefully planned prospective studies. Based on
our search, our results highlighted the crucial need for carefully
planned research in the future to increase the level of evidence
supporting the beneficial effect of RA in bladder cancer surgery.

In conclusion, this meta-analysis indicates that regional
anesthesia with or without general anesthesia is associated with
significantly lower recurrence rate in patients with bladder cancer
undergoing transurethral resection of bladder tumor. Nevertheless,
in light of the limited number of studies included in this review as
well as potential confounding factors (e.g., pathological findings),
the evidence is not strong enough to support definite conclusions.
Until data from prospective randomized controlled trials validate or
refute the findings of our research, the use of either GA or RA for
bladder cancer is indicated based on patient selection or
anesthesiologist’s preference.
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