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Abstract

Background: Bladder cancer is the most common malignancy of the urinary
system, and accounts for 3% of newly diagnosed tumors. Transurethral resection
of bladder tumor plays a key role in treating bladder cancer, among which one of
the most serious complications is bladder perforation caused by obturator nerve
reflex. Obturator nerve reflex can be prevented by inducing obturator nerve block
after lumbar anesthesia. However, No study so far has compared the inhibitory
effect of different obturator nerve block approaches on intraoperative obturator
nerve reflex and bladder perforation.

Method: In this study, we conducted a network meta-analysis (NMA) of studies
comparing the efficacy of different obturator nerve block approaches performed
after lumbar anesthesia in operation.

Result: The distal obturator nerve block guided by peripheral nerve stimula-
tor is the best approach for preventing obturator reflex. The proximal obturator
nerve block guided by ultrasound is the best approach for preventing bladder
perforation.

Conclusion: Spinal anesthesia combined with the distal obturator nerve block
guided by peripheral nerve stimulator is the most optimal approach to prevent
the obturator nerve reflex. But the doctor should choose the appropriate anes-
thesia method according to the patient's general condition, tumor location, and

doctor's proficiency in puncture techniques.
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1 | INTRODUCTION

Bladder cancer is the most common malignancy of the
urinary system, and accounts for 3% of newly diagnosed
tumors and 2.1% of all cancer-related deaths worldwide.'
Transurethral resection of bladder tumor (TURBT) re-
mains the cornerstone of bladder cancer diagnosis and
therapy, and is recommended by the European Association
of Urology (EAU), National Comprehensive Cancer
Network (NCCN), and American Urological Association
(AUA). Pathological examination of the tissues resected
by TURBT can help assess the depth of bladder cancer in-
vasion, which is critical for tumor staging. Furthermore,
the non-muscle invasive bladder tumors can be removed
to the maximum extent by TURBT in combination with
intravesical chemotherapy.”

However, intraoperative complications of TURBT such
as bladder perforation and hemorrhage are closely related
to relatively high rates of postoperative recurrence and
progression. Bladder perforation increases the risk of in-
traoperative trans-urethral resection prostate syndrome,
hemorrhage, and the possibility of transferring to open
surgery. It may also lead to delay intravesical chemother-
apy, resulting in worse prognosis.® Meanwhile, avoiding
bladder perforation may lead to insufficient depth of re-
moval. The higher recurrence rate after TURBT is often
attributed to the incomplete removal of the bladder tumor.
As per the guidelines of the EAU, NCCN, and AUA, com-
plete tumor resection during TURBT is considered as such
when only the detrusor muscle tissue remains in the blad-
der,? and can dramatically reduce the short-term recur-
rence after TURBT. However, studies show that only 52%
of the post-TURBT samples contain the detrusor muscle
tissue.* In addition, the fractioned technique of TURBT
can aid in the engraftment of tumor cells into healthy
bladder mucosa, thereby increasing the chances of recur-
rence.” Therefore, a proper depth of resection is critical
when performing TURBT to not only ensure complete
tumor removal but also avoid bladder perforation that may
occur if the resection is performed too deep. Reducing the
incidence of intraoperative complications during TURBT
can improve the prognosis of bladder cancer patients.

The obturator nerve is located near the inferolateral
wall of the bladder. It originates from the 2nd, 3rd, and
4th lumbar nerve roots, runs toward the adductor muscle,
and enters the pelvis near the sacroiliac joint.’ Resection
of bladder tumors at the lateral bladder wall stimulates the
obturator nerve and results in adductor muscle contraction,
a phenomenon known as the obturator nerve reflex.” The
latter significantly increases the likelihood of intraoperative
bleeding and vesical perforation during TURBT, resulting
in incomplete tumor resection or extravesical spread of the
tumor, eventually worsening patient prognosis. Various
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strategies are followed to avoid the obturator nerve reflex,
including the administration of systemic neuromuscular
blocking agents, decreasing the current used for resection,
and selective obturator nerve blocking (ONB).® Since most
TURBT operations are performed under spinal anesthesia,
the obturator nerve reflex can be prevented by inducing
ONB after lumbar anesthesia.

The various approaches currently used for ONB dif-
fer in terms of the injection sites and methods, the scope
of blocking, and the instruments. Based on the injection
site, ONB can be performed using the proximal, distal, or
transvesical approach. The block could be guided by a pe-
ripheral nerve stimulator or ultrasound. Muscle contrac-
tion caused by peripheral nerve stimulator lead to a more
precise nerve location, and ultrasound can help to observe
the injection site and range. The combination of both can
possibly further increase the success rate since the con-
traction of adductor muscles can be confirmed with ul-
trasound guidance during nerve stimulation. No study so
far has compared the inhibitory effect of different ONB
methods on the intraoperative obturator nerve reflex and
bladder perforation. To this end, we conducted a network
meta-analysis (NMA) of studies comparing the efficacy
of various ONB approaches performed after lumbar an-
esthesia. The study followed the PRISMA guidelines (see
Appendix S1 for the checklist).

2 | METHODS
2.1 | Literature search strategy and
screening criteria

The PUBMED, Cochrane, and EMBASE databases were
searched for all randomized controlled trials (RCTs) and
retrospective studies on TURBT performed with ONB
under lumbar anesthesia using any of the following meth-
ods: proximal ONB guided by a peripheral nerve stimu-
lator (pONB NS), proximal ONB guided by ultrasound
(pONB US), distal ONB guided by a peripheral nerve
stimulator (AONB NS), distal ONB guided by ultrasound
(dONB US), distal ONB guided by ultrasound and a pe-
ripheral nerve stimulator (AONB NS+ US), transvesical
ONB (tONB), and transvesical ONB guided by a cysto-
scope needle electrode (tONB NS).

Two authors searched the databases for articles pub-
lished till March 30, 2002, using keywords including blad-
der cancer, transurethral resection of bladder tumor, lumbar
anesthesia, and obturator nerve block. Both MeSH terms
and free texts were used to retrieve the studies. The refer-
ences in the included articles were also manually searched
for additional studies. For studies with multiple publica-
tions, only the reports with complete data were selected.
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2.2 | Outcome selection and
data extraction

The following data were extracted from the selected
studies: the total number of cases, number of cases
with the final outcome, incidence of obturator nerve
reflex, frequency of bladder perforation, tumor loca-
tion, and other information. The primary outcomes
were adductor jerking and bladder perforation caused
by obturator reflex during TURBT. The incidences of
obturator nerve reflex and bladder perforation dur-
ing TURBT with the different ONB methods were
compared.

2.3 | Quality assessment

The risk of bias in the RCTs was evaluated using Review
Manager version 5.4.0 (Cochrane Collaboration, Oxford,
UK), and included selection bias, performance bias, de-
tection bias, attrition bias, reporting bias, and other bias.
Newecastle-Ottawa scale (NOS) was used to evaluate the
retrospective cohort studies. The online tool Confidence
in Network Meta-Analysis (CINeMA, https://cinema.
ispm.unibe.ch/) was used to evaluate the results of the
NMA.

2.4 | Data analysis

Stata 16.0 software (Stata Corp LP) and R Studio 4.1.3 soft-
ware were used for data analysis. Markov Chain Monte Carlo
(MCMC) method was used for NMA with Bayesian frame-
work. Four of the chains were used for simulation and the
number of iterations was set to 50,000. In addition, the strin-
gency of the results was evaluated by Potential Scale Reduction
Factor (PSRF). The PRSF values ranging from 1 to 1.05 are
indicative of good stringency and high reliability. The Node
splitting method was used to measure inconsistency. In case
of no obvious inconsistency, the consistency model was used,
otherwise, the inconsistency model was used. The efficacy of
the different ONB methods was analyzed by plotting ranking
curves and cumulative ranking curves and compared by cal-
culating the odds ratio (OR) and 95% confidence interval (CI).

3 | RESULTS
3.1 | Characteristics of the included
studies

Based on the inclusion and exclusion criteria, 24 stud-
ies were included in the NMA.33! The literature screen-
ing process is outlined in Figure 1. There were 19 RCTs

187 records identified through searching

304 r ecords identified through searching

95 r ecords identified through searching

PUBMED EMBASE Cochrane
160 excluded because of 239 excluded because of 78 excluded because of
] title and abstract > title and abstract title and abstract
A 4 A A 4

27 full-text studies completed
and potentially eligible

65 full-text studies completed
and potentially eligible

17 full-text studies completed
and potentially eligible

24 excluded because of
duplicate and wrong design

v

45 excluded because of wrong
design and incomplete data

A 4

16 excluded because of
duplicate and wrong design

A 4

3 studies selected

20 studies selected

1 studies selected

19 RCTs included in the network

5 retrospectively evaluate included in the network

FIGURE 1 Flow diagram of the search process for eligible studies.
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and 5 retrospective cohort studies, including 1 three-
arm study. The studies compared seven different ONB
methods and included 1722 independent participants.
The details are summarized in Table 1. The study par-
ticipants were classified into the following groups: (a)
lumbar anesthesia (control group), (b) lumbar anesthe-
sia with proximal ONB guided by peripheral nerve stim-
ulator (pONB NS), (c) distal ONB guided by ultrasound
and a peripheral nerve stimulator (dAONB NS+ US), (d)
transvesical ONB guided by a cystoscope needle elec-
trode (tONB NS), (e) transvesical ONB (tONB), (f) dis-
tal ONB guided by ultrasound (dONB US), (g) proximal
ONB guided by ultrasound (pONB US), and (h) distal
ONB guided by a peripheral nerve stimulator (dONB
NS) as shown in Appendix S4. Most participants were
in the control group. The most common procedure was
pONB NS (11/24 studies), followed by dONB NS+ US
(9/24), dONB US (6/24), dONB NS (4/24), tONB (3/24),
tONB NS (2/24), and pONB US (2/24).
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3.2 | Quality assessment

The results of the risk assessment for the 19 RCTs are
shown in Figure 2A,B. Four studies did not provide details
regarding the randomization procedures, and only five re-
ports described allocation concealment. In seven studies,
it was unclear if the outcomes were analyzed in a blinded
manner. The risk assessment of bias in the five retrospec-
tive cohort studies is shown in Figure 2C. CINeMA showed
high to low confidence for intraoperative obturator nerve
reflex, primarily due to intra-study bias and imprecision
(Table 2). For bladder perforation, the confidence was low
to very low due to the same reasons (Table 3).

3.3 | Network diagram

Twenty-three studies reported the incidence of intraoperative
obturator nerve reflex during TURBT, involving six methods

2
= § Random sequence generation (selection bias) —:l
é ‘.. Allocation concealment (selection bias) - |
g 1 E _ Blinding of participants and personnel (performance bias) _
3 3 g % Blinding of outcome assessment (detection bias) _:l
g E g Incomplete outcome data (attrition bias) _
- Seleciive reporting (reporting bias) |
1 § g Other bias | |
5 5 2 3 , + + + i
22 % % 5 0%  25% 50% 75%  100%
23 & &3 § | [ Low risk of bias [ unclear risk of bias [ High risk of bias |
Alberto Manassero 2012| @ | ® | @ | @ |® | @ | 2
Brijesh Twari 202 | @ | ? | @ | @ | @ | @ | 2 (B)
CheoHan2019 | @ |2 | @ @ | @ (@ | 2
Cyrus EmirAlavi2017 | @ |2 | @ |2 | @ | @ | 2
Dawood Aghamohammadi 2017 | @ |2 | @ | @ | @ (@ | 2 Study Guven E Zeki T Cuneyd S Nici M  Ozan H
Deepak shama 2017 | @ | 2 @ |2 | @ | @ | 2 2016 2013 2021 2021 2021
penizBolat2015 | @ | @ | @ |2 | @ | @ | 2 Representativeness of the exposed cohort sfk sﬁr sk ﬁr *
Dr.S. Narmatha 2020| 2 |2 | @ |2 | @ (@ | @ Selection of the non exposed cohort DAg PAg DAg DAg DAg
Gamal €. Abouia 200 @ | @ 19 |9 | @ | @ | @ Ascertainment of exposure 7,’\( 7,"{ i\( Sﬁ( 7,'\(
Houman Temouien 2010 | @ | @ |9 | @ (@ | @ @ Demonstration that outcome of interest
Kamil DARGIN2012 | @ | @ | ® @ | ® | ® | 2 was not present at start of study * * * * *
ranmos st oursni200 [ @[ @ | @ |@ @[ @@ Comwerebilivy of cotorts n thebasis of -y g x g %
Mohammadhatef Khorami2012| @ | @ | @ | @ | @ | @ | @ Assessment of outcome 727 7,'\( 7,'\(
Nida Farooq shah 2017 | @ | @ | @ |® | @ | @ | 2 Was follow-up long enough for outcomes * *
Omer Gokhan Doluoglu 2021 | @ [ 2 | @ |2 | @ | @ | 2 to occur
Recai Dagli2019 | @ [ 2 @ | @ | @ |® | 2 Adequacy of follow oup of cohorts DA¢ PAg ¢ PAg %
Srilata Moningi 2014 [ @ | ? | @ (@ | @ | @ | 2 Total scores 7 8 7 7 6
YongBeomkim2019 | @ | @ (@ (@ | @ | ® | 2
(A) YounYido2011 |2 |2 |@® |® | @ |® |2 (C)

FIGURE 2 Quality assessments (A and B: risk of bias, C: assessments of confidence).
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"Contribution plot"

FIGURE 5 Contribution plot for
intraoperative obturator nerve reflex.

Direct comparisons in the network

AvsB AvsC AvsD AvsE BvskE BvsG BvsH CvsF DvsE FvsG
Mixed estimates
AvsB 297 129 13 73 86 129 129 13 129
AvsC 44 759 02 11 13 57 57 02 57
AvsD 19 08 526 184 27 08 0.8 211 0.8
AvsE 57 25 100 561 82 25 25 10.0 25
BvsE 202 88 44 246 112 838 88 44 838
BvsG 102 131 04 25 29 441 13.1 04 131
0 BvsH 100.0
% CvsF 80 103 04 20 23 103 56.0 04 103
£ DvsE 30 13 336 294 43 13 13 245 13
g FvsG 116 150 05 29 34 150 15.0 0.5 361
2 —_—— e e e e e Ed
2 Indirect estimates
_g AvsF 76 339 03 19 22 99 339 03 99
[ AvsG 154 184 0.7 38 45 198 184 0.7 184
] AvsH 196 86 09 48 57 86 339 86 09 86
s BvsC 210 271 09 52 61 129 129 09 129
g BvsD 196 85 243 38 72 85 85 110 85
BvsF 152 197 0.7 37 44 180 19.7 0.7 18.0
'g CvsD 1.1 371 287 96 21 32 32 117 32
2 Cvsk 1.0 380 56 314 53 44 44 56 44
7} CvsG 136 175 06 33 39 175 215 06 215
z CvsH 150 194 07 37 44 92 286 92 07 92
DvsF 43 222 205 60 25 69 222 86 69
DvsG 104 13.0 192 42 42 146 13.0 84 130
DvsH 145 63 179 28 53 63 261 63 81 63
EvsF 30 230 39 221 50 80 230 39 80
EvsG 9.7 134 35 19.7 68 16.5 134 35 134
EvsH 144 63 31 176 80 63 287 63 31 63
FvsH 111 143 05 27 32 13.1 27.3 143 05 131
GvsH 65 83 03 16 19 281 364 83 03 83
Entire network 113 166 81 97 48 115 99 132 45 104
Included studies 4 4 2 2 1 1 4 5 1 1

than 1.005, indicating satisfactory stringency. Therefore,
the Bayes model constructed in this study can effectively
predict the data. In addition, the node splitting method in-
dicated that the inconsistency among the studies included
in the analysis was not significant (p <0.05; Figures 9 and
10). Given the lack of a significant difference between direct
comparison and indirect comparison, a consistency model
was used. Finally, there was no obvious heterogeneity in
the test results (Appendices S2 and S3).

3.5 | Obturator nerve reflex with
different ONB methods

Twenty-three studies reported the incidence of obturator
nerve reflex during TURBT, involving eight methods of ONB.
The results of NMA showed that the different ONB methods
inhibited obturator nerve reflex compared to that in the un-
treated control group. The therapeutic effects of dONB NS,
pONB US, pONB NS, and dONB NS+ US were superior to
that of AONB US, whereas PONB US, and dONB NS exhib-
ited better effects compared to tONB (p <0.05). Comparisons
between other interventions did not yield significant results
(p >0.05; Figure 11A). Rank probability analysis with the

consistency model further indicated that AONB NS is the
best approach for preventing obturator reflex. The probabil-
ity ranking chart and the cumulative probability ranking
chart are shown in Figure 11B,C, respectively.

3.6 | Bladder perforation with different
ONB methods

Eight studies reported the incidence of bladder per-
foration during TURBT, involving five ONB meth-
ods. Results of the NMA showed that both pONB
NS and pONB US are superior to lumbar anesthesia
alone (p <£0.05; Figure 12A). Rank probability analy-
sis showed that pONB US is the most likely to prevent
bladder perforation. The probability ranking chart and
the cumulative probability ranking chart are shown in
Figures 12B,C, respectively.

3.7 | Comparison-adjusted funnel plot

Stata 14.2 software was used to draw the comparison-
adjusted funnel plot of obturator nerve reflex and
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FIGURE 6 Contribution plot for

bladder perforation. "Contrlbutlon pIOt"

Direct comparisons in the network
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FIGURE 7 Evaluation of Astringency for intraoperative obturator nerve reflex.

bladder perforation. As shown in Figures 13 and 14, the 4 | DISCUSSION
distribution of the included studies was roughly sym-

metrical on both sides of the funnel plot, indicating that Bladder cancer is the most commonly diagnosed malig-
the studies may have a small sample effect or reporting nancy of the urinary system, and its incidence is increas-
bias. ing due to a globally aging population.*® In addition to
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Study  P-value Odds Ratio (95% Crl) , )
Bvs A geographical factors and age, smoking can greatly elevate
direct o 0.066 (0.019, 0.18) the risk of bladder cancer. Although the economic burden
indirect 0.96996 —o0— 0.063 (0.0065, 0.46) remains higher in developed countries, it is expected to
network - 0.067 (0.024, 0.16) increase in developing countries due to changing lifestyle
CvsA . 33 :

_ and prolonged life expectancy.” These trends will pose a
direct —o— 0.092 (0.035, 0.23) i :
indirect 0.46392 ——o0—— 0.031 (0.0012, 0.60) major challenge to health systems in both developed and
network —o- 0.085 (0.035, 0.19) developing countries in the near future.
EvsA Non-muscle invasive bladder cancer is routinely diag-
direct —O0— 0.17 (0.037, 0.65) :
indirect  0.37747 0567 (0038, 33) nosed and treated by t.ransur.ethral resecthn o.f bladde.r
network —o— 0.21 (0.064, 0.85) tumor (TURBT) combined with postoperative intravesi-
EvsB cal instillation. Previous studies have shown that 46.8%
direct T—Oo— 8.8(0.71, 3.0e+02) of the bladder tumors are localized to the lateral wall of
indirect 0.36207 —TOo— 2.2(042,12) . . . 34
network 3.1(0.85 13) the bladder, wblch is adJ'acent to the obturator nerve.
GvsB Therefore, during resection of lateral bladder wall tu-
direct — ot 0.28 (0.044, 1.7) mors, the electrical current may stimulate the obturator
indirect 0.45161 S 0.85(0.065, 13.) nerve reflex with adverse consequences. For example,
network i 0.39(0.100,1.6) the contraction of the adductor muscle caused by stim-
FvsC .
. ulation of the obturator nerve can affect the depth of
direct —o— 3.9 (1.3, 14.) i , )
indirect 0.44576 S — 1.3 (0.057, 24.) resection. A resection with a shallow depth cannot com-
network —o— 32(1.2,97) pletely remove the tumor, resulting in recurrence after
EvsD TURBT. On the other hand, deep resection may cause
direct o 1.2 (0.099, 16.) . .
indirect 0.68637 25 (0.12, 1.4+02) bladder perforation ar.ld extr:'aweswal spread of the tun.lor
network —to— 1.6 (0.29, 11.) cells, eventually leading to incomplete tumor resection
GvsF and bleeding.” In addition, some patients may experi-
direct —o— 0.14 (0.020, 0.88) ence delayed bladder perforation and bleeding during
indirect 0.46205 ——Oo0—— 0.046 (0.0032, 0.54) A . . . . . ]
network ! 0.097 (0,022, 0.39) pPStoperatlve intravesical instillation. According to pr.e
0 olo ] J 3(')0 viously reported data, obturator nerve reflex occurs in
' 55.3%-100% of the TURBT cases involving the lateral
FIGURE 9 Evaluation of Inconsistency for intraoperative bladder wall, causing adverse intraoperative and post-
obturator nerve reflex. operative effects.>* Intraoperative perforation and in-
complete tumor resection caused by the obturator nerve
zt”dVA P-value Odds Ratio (35% Crl) reflex increase the risk of postoperative recurrence and
\') . . . .
direct ° 0.041 (0.0010, 0.44) vx.rorse.n prognosis. T.he .cc.)mbmatlon of spinal anesthe-
indirect 0.15872 —————o— 4.6e-07 (3.7e-20, 0.28) sia with ONB can significantly reduce the occurrence
Eetwcxk © 0.027 (0.00088, 0.25) of obturator nerve reflex, and mitigate the above com-
V') . . g
direct 5 0.092 (0.0021, 1.7) plications. In addition, the development of ultrasound-

indirect 0.14824 -—0———  9.8e+03 (0.0098, 1.2e+16) guided and neurostimulator-guided ONB has greatly

’:tw"Brk N 0.15(0.0079,2.3) improved its success rate and reduced complications
vs . . . 7

direct 4.6+05 (0.70, 3.1e+18) due to the.hlgh-precmon pl.mcture. .

indirect 0.13499 - 2.3(0.029, 2.8e+02) A previous meta-analysis showed that spinal anes-
network - 5.6 (0.22, 4.3e+02)

| | thesia combined with various ONB methods reduced the
2:99999999999999e-20 14000000000000009216 occurrence of obturator nerve reflex more effectively com-
pared to spinal anesthesia alone.*® However, there is in-

FIGURE 10 Evaluation of Inconsistency for bladder . ) ) )
sufficient evidence regarding the efficacy of two or more

perforation.
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FIGURE 11 NMA result for intraoperative obturator nerve reflex (A: result of pair-compare, B: cumulative probability ranking chart, C:

probability ranking chart).

ONB approaches during TURBT. We conducted a network
meta-analysis based on the Bayesian model to summa-
rize studies that directly and indirectly compared the in-
cidence of obturator nerve reflex and bladder perforation
during TURBT in response to spinal anesthesia combined
with different ONB methods. A total of 19 RCTs and 5

retrospective studies were included in the meta-analysis,
which evaluated the rates of obturator nerve reflex and
bladder perforation during TURBT using spinal anesthe-
sia and seven different ONBs.

DONB NS was superior to dONB US in preventing
the obturator nerve reflex, and in fact ranked above all
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FIGURE 12 NMA result for bladder perforation (A: result of pair-compare, B: cumulative probability ranking chart, C: probability

ranking chart).

other ONB methods, followed by pONB US and pONB
NS. However, pairwise comparison of the top three ONB
methods did not yield statistically significant results.
Furthermore, pONB US was the optimal approach in
terms of preventing bladder perforation. The proximal
ONB, also known as the classical pubic approach, aims at
the main obturator nerve or its major branches. Sufficient
local anesthetic ensures complete coverage of this nerve

and can block the nerve to the maximum extent. The
pubic tubercle is the clearest anatomical marker for this
approach. However, in cases where the pubic tubercle is
difficult to locate, such as in obese patients or in patients
with blunt pubis, the needle cannot access the obturator
nerve and may pass above the pubic ramus, causing dam-
age to surrounding structures like the bladder, rectum,
and spermatic cord.



WU ET AL.
e /1
VYA RY
7/ \
/ kY
/ \
7 \
/7 \
= 04 / \
S / P \
[ / b \
o / o) [ \
k) K4 - ° S
5 / ° )
= g / ® \
o / \
B / AN
] ; ¢° .
/
/ \

@ " 4 \

w | 7 \

- ; O J \

/ \
’ ° \
T T T T
Effect size centred at comparison-specific pooled effect (yauy-ixy)
® AvsB ®AvsC ® AvsD © AvsE ®BvsE @®BvsG

® BvsH CvsF ®DvsE ®FvsG

FIGURE 13 Comparison-adjusted funnel plot of intraoperative
obturator nerve reflex.

5
1
~
s

Standard error of logor
1
1
~N
~N
~N
*®
7
7

15
1
~
~
s
-

/ ¢ \

o

-2 2
Effect size centred at comparison-specific pooled effect (y,y-txy)

® AvsB ®AvsC ©®©AvsE ©BvsE @BvsG

FIGURE 14 Comparison-adjusted funnel plot of bladder
perforation

Complete ONB can be achieved by ultrasound-guided
injection of large volumes of local anesthetic without
confirmation by electrical stimulation. In addition, color
Doppler flow imaging can reduce the incidence of vascular
puncture during the operation. Generally, distal ONB has
a higher success rate and fewer complications. However,
due to the small size and deep location of the posterior
branch of the obturator nerve, it is difficult to locate it
precisely under ultrasound guidance. Ultrasound only al-
lows visualization of the local injection and diffusion of
the anesthetic between muscle layers.?” Therefore, routine
anesthetization cannot achieve complete blockade of the
obturator nerve with ultrasound. This is consistent with
the greater efficacy of pONB US, pONB NS, and dONB
NS+ US compared to dONB US observed in our analysis.
Thus, local blockade using a peripheral nerve stimulator
remains the key to improving the efficacy of ONB,® since
it enhances the safety of the block by improving accuracy
and reducing the dose of the local anesthetic. We also
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found that pONB US and dONB NS had superior effects
compared to tONB. For the latter, the anesthetic is injected
into the bladder wall near the path of the obturator nerve
and the area surrounding the bladder tumor. This diffuse
injection area lowers the efficacy of tONB.*’

PONB US combined with spinal anesthesia is most
likely the best approach to prevent bladder perforation and
ranked second to only dONB NS in terms of preventing
the obturator nerve reflex. The proximal approach targets
both the common obturator nerve and its major branches,
and a larger volume of local anesthetic ensures complete
coverage of the nerve.* Complete ONB can be achieved
by ultrasound-guided infiltration of sufficient local anes-
thetic in the absence of confirmation by electrical stimu-
lation. In addition, color Doppler flow imaging can reduce
the incidence of vascular injury during the operation.

4.1 | Limitations

Five of the included studies did not mention the specific
method of generating a random sequence, and only five
studies reported that the random assignment process was
conducted in a blinded manner. Therefore, a research de-
sign bias did exist to some extent. In addition, the different
anesthetics and doses used for ONB across the studies may
also have caused bias and increased the heterogeneity of
the meta-analysis. Although we identified spinal anesthe-
sia combined with pONB US as the optimum approach
for preventing bladder perforation, there are no relevant
articles on spinal anesthesia combined with dONB NS,
which precludes any comparison between the ultrasound-
and nerve stimulator-mediated techniques. Finally, since
the number of included literatures is limited, subsequent
multicenter, large-sample clinical randomized controlled
trials are needed to validate our findings.

5 | CONCLUSIONS

Spinal anesthesia combined with dONB NS is the most
optimal approach to prevent the obturator nerve reflex
during TURBT. However, the appropriate ONB method
eventually depends on factors such as the patient's gen-
eral condition, tumor location, and doctor's proficiency in
puncture techniques. The aim of ONB is to reduce the oc-
currence of obturator nerve reflex, reduce intraoperative
bladder perforation, and achieve complete resection of the
tumor.
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