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Abstract
Objectives: To determine the application of sentinel node 
biopsy in urothelial carcinoma of the bladder, we performed 
a systematic review and meta-analysis. Methods: Pooled 
false negative rate and detection rate were presented using 
Meta-Disc (version 1.4), and comprehensive meta-analysis 
(version 2). Publication bias and heterogeneity were as-
sessed using funnel plot, Cochrane Q test, and I2 index. Re-
sults: The pooled detection rate was 91% (95% CI 87–93%) 
and pooled sensitivity was 79% (95% CI 0.69–0.86%). When 
the neoadjuvant chemotherapy group of patients was omit-
ted, the pooled sensitivity changed to 82% (95% CI 74–88%), 
and the Cochrane Q and I2 statistics were 15.44 and 48.2%, 
respectively. The pooled sensitivity of studies that included 
> 50% of pT 3 or 4 patients was 70% (59–80), by omitting 
studies that enrolled > 50% of patients at pT stage of 3 or 4, 
the pooled sensitivity increased to 93% (81–98). Conclu-
sions: Although the studies on SN biopsy of muscle invasive 
bladder cancer patients resulted in a high detection rate and 
sensitivity, further validated multicenter trials with larger 
sample size are essential to confirm the reliability and accu-
racy of this approach and obtain a standardized method. We 

showed that pT1 or pT2 bladder cancer patients with clini-
cally negative lymph nodes are the most appropriated group 
for sentinel lymph node mapping. © 2019 S. Karger AG, Basel

Introduction

Muscle invasive bladder cancer (MIBC) is among the 
most commonly diagnosed cancers worldwide leading to 
significant morbidity and mortality mostly within 2 years 
of diagnosis [1]. Despite various new technologies, radi-
cal cystectomy (RC) is performed as the gold standard 
treatment option and pelvic lymph node dissection 
(PLND) as an integral part of the surgical management of 
bladder cancer patients. Although PLND is routinely per-
formed for MIBC patients during RC, its beneficial effects 
on survival and recurrence rate remain unknown [2, 3]. 

Due to long operative time, costs, and adverse effects 
associated with regional lymphadenectomy in bladder 
cancer patients, sentinel lymph node (SLN) biopsy 
(SLNB) might be regarded as a better approach in guiding 
lymph node dissection, similar to breast and melanoma 
tumors. SLN mapping is a simple and a less-invasive tech-
nique with minimal side effects compared with LND, 
which is first applied in penile cancer by Cabanas [4]. 
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and the sentinel node as the first lymph node along the 
lymphatic vessels receives the lymph fluid and malignant 
cells from the primary tumor and act as the primary gate-
way for spreading cancerous cells to distal organs. So, 
SLNs can reflect the pathologic status of the remaining 
lymphatic region in a less extensive surgical procedure 
and potentially can improve LN staging by identifying the 
metastases in patients with no clinical evidence of LN in-
volvement [5].

The importance of sentinel node biopsy in therapeutic 
decision making for patients was first determined in mel-
anoma and then established in breast cancers [6]. The ap-
plication of SLNB has been extended to other malignan-
cies including gynecological, and gastrointestinal cancers 
too [7–11]. 

So far several studies have been performed on the sen-
tinel node biopsy in MIBC. To investigate the diagnostic 
value of SLND in MIBC patients, we performed this sys-
tematic review and meta-analysis based on the currently 
available literature.

Method

This systematic review was conducted based on the preferred 
reporting items for systematic reviews and meta-analyses guide-
lines and checklist [12]. The protocol of this systematic review and 
meta-analysis is based on the thesis that has been approved in 
Mashhad University of Medical Sciences with the number 940295. 

Literature Search
A comprehensive search on PubMed and Scopus was done to 

identify the relevant published articles in sentinel node mapping 
of invasive bladder cancer from inception to April 2018. The 
searched keywords were as follows: “sentinel AND bladder”; no 
language or date limitation was applied for the search strategy. The 
reference list of selected articles was also hand searched to prevent 
missing any relevant articles. The authors of included articles were 
contacted if additional information were needed. 

Inclusion and Exclusion Criteria
Inclusion criteria were as follows: (a) all the clinical and original 

articles analyzing effectiveness, importance, and outcome of SLN 
mapping in clinically node negative patients with invasive bladder 
cancer; (b) those that reported accurate data regarding SNs detec-
tion rate and false negative rate. 

Duplicated articles were omitted by selecting the article with a 
larger sample size. Articles without accurate data on intraoperative 
SNs identification using a gamma probe were excluded.

Data Extraction
Data were extracted independently by 2 authors from original 

articles based on a set of predefined parameters, including authors, 
publication year, number of cases, age, sex, stage of the tumor, 

 substance used for lymph node identification, method of mapping, 
type of surgery, mean number of identified lymph nodes, patho-
logical evaluation of both sentinel and resected lymph nodes, glob-
al detection rate, and sensitivity. 

Quality Assessments
The methodological quality of the eligible included articles was 

assessed according to the established quality rating critical apprais-
al tool obtained from 2016 Oxford Centre for Evidence-Based 
Medicine and the Cochrane Collaboration’s tool for assessing risk 
of bias for diagnostic studies [13]. 

Statistics
The pooled sensitivity and detection rate of SLNB technique 

were calculated based on the results of each study and using the 
random-effects model [14]. Heterogeneity was evaluated based on 
Cochrane Q test (p value less than 0.05 was considered statistically 
significant) and I2 index statistics. The funnel plot was used to 
show the possible publication bias based on the asymmetry of the 
plot. Meta-Disc (version 1.4) [15] and comprehensive meta-anal-
ysis (version 2) were used for statistical analyses. 

Results

Study Selection
The selection process of the included articles is sum-

marized according to preferred reporting items for sys-
tematic reviews and meta-analyses flowchart (Fig. 1). 

The initial electronic search of the above-mentioned 
search strategy resulted in 281 potentially relevant studies 
in PubMed and Scopus, regarding the SLNB in bladder 
cancer. Following reviewing the titles and abstracts, 254 
were omitted out of the initially yielded articles, and 27 ab-
stracts were related to the purpose of this study; however, 
20 were excluded following studying the full text due to 
unrelated methodology or not reporting the mentioned in-
cluding criteria in the result part. Duplicate studies were 
omitted in the next step by selecting the study with a larger 
sample size. One reference was added after reviewing the 
reference list of the extracted items. Eventually, 8 articles 
were included as the most related to the inclusion criteria 
of this systematic review in the final analysis [16–23]. 

All studies were cross-sectional studies that explored 
the diagnostic value of SLNB in the bladder cancer. The 
characteristics of the 8 included articles as well as the 
quality assessment results were extracted and presented 
in Tables 1 and 2, respectively. 

Studies Characteristics
Three hundred thirty-six patients (106 female, 230 

male) with MIBC at clinical stage of cT1-T4N0M0 diag-
nosed by MRI or CT and candidate for cystectomy and 
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pelvic lymphadenectomy were studied in 8 eligible in-
cluded articles [16–23]. 

There was no significant difference regarding the in-
cluded patients characteristics in 7 [16–20, 22, 23] of 
the selected articles; patients would be excluded from 
the studies if they were found to have non-urothelial 
cancer, multifocal tumors or carcinoma in situ, prima-
ry pelvic radiotherapy, procedures in the pelvis, ad-
vanced tumor stage, non-MIBC, or any previous radio-
therapy. 

The study of Rosenblatt et al. [21] contained informa-
tion about the one who performed SLNB on MIBC pa-
tients with the history of neoadjuvant chemotherapy 
(NAC) to determine the feasibility of SLNB in all pT stag-
es. The study of Aljabery et al. [16] contained the largest 
sample size (103 cases). However, the study of Sherif et al. 
[23] was the one with the smallest sample size (6 cases) 
among the included studies. 

The injection site was reported differently in these 8 
studies including the submucosa of the bladder [18, 20, 
22] or into the detrusor muscle [16–19, 21, 23], around 
the visible tumor or tumor margin. 

Detection Rate
The forest plot obtained based on the detection rate of 

the 8 included studies on MIBC patients with or without 
previous chemotherapy showed the graphical representa-
tion of the detection rate (Fig. 2). The pooled detection 
rate for all the applied techniques of SNs mapping was 
91% (95% CI 87–93%). Following evaluating the hetero-
geneity, Cochrane Q value was 7.78 (p = 0.6), and the I2 
index was 0%. Funnel plot of the pooled detection rate is 
shown in Figure 3. The Egger’s regression intercept was 
0.18 (p = 0.8) as the statistical evaluation of the asymme-
try of the funnel plot. 

By omitting patients with previous chemotherapy in-
cluded in the study of Rosenblatt et al. [21] (47 patients 
out of 338), the pooled detection rate did not change sig-
nificantly: 91% (95% CI 87–93%). 

By evaluating 3 studies that applied blue dye for SNs 
mapping, the pooled detection rate was 21% (95% CI 
0.02–0.75) [17, 22, 23].

Pooling 2 studies that applied indocyanine green 
(ICG) for SNs mapping showed the detection rate of 93% 
(95% CI 83–97%) [18, 20].

Sensitivity
A forest plot of the pooled sensitivity is presented in 

Figure 4. By considering all NAC and no NAC patients, 
pooled sensitivity was 79%, (95% CI 0.69–0.86%), estimat-
ed heterogeneity showed the Cochrane Q value as 23.63 
(p = 0.0001) and the I2 index as 66.2%. However, when the 
NAC group of patients was omitted, the pooled sensitivity 
changed to 82% (95% CI 74–88%), and the Cochrane Q 
and I2 statistics were 15.44 and 48.2%, respectively.

Subgroup analysis based on the number of pT3 and 
pT4 patients showed pooled sensitivity of 70% (59–80), 
and 93% (81–98) for studies with > 50%, and < 50% of re-
cruited patients with pT3 and pT4 tumors.

Quality and Risk Bias Assessment
Several types of biases might occur in different parts of 

each diagnostic study including patients (the selection 
bias, spectrum bias), index test (information bias), refer-
ence test (misclassification bias and partial verification 
bias), disease/condition progression bias (perform the 
reference and index with minimal delay), and differential 
verification bias [24]. All the mentioned risk of biases 
have been evaluated following quality assessment of the 
current systematic review and meta-analysis according to 
the 2016 Oxford Centre for Evidence-Based Medicine 
and the Cochrane Collaboration’s tool for assessing the 
risk of bias for diagnostic studies (Table 2; Fig. 5, 6) [13]. 

Records identified through
database searching

(n = 281)

Duplicates removed
(n = 124)

Records excluded based on
title and abstracts

(n = 130)

Full-text articles excluded, 
with reasons

(n = 20)

Related articles found by
searching the reference lists

(n = 1)

Studies included in
quantitative

synthesis (meta-analysis)
(n = 8)

Studies included in
qualitative synthesis

(n = 8)

Full-text articles assessed
for eligibility

(n = 27)

Records screened
(n = 157)

Fig. 1. Preferred reporting items for systematic reviews and meta-
analyses flowchart of the study inclusion process.
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Table 1. Characteristics of the included articles

Author, 
reference number, 
year, country

Participant 
characteristics

Technique of 
sentinel node 
mapping 

Time of 
radiotracer 
injection

Patients with at 
least one detected 
inguinal sentinel 
nodes/total 
number of patient

False 
negative 
rate

True 
positive

SLN 
drainage

Localization of 
metastatic SLN

Sherif et al. [22], 
2001, Sweden

Number: 13
pT1: 3 
pT2: 4 
pT3: 3 
pT4: 3
Mean age: 62.6 years
Gender: 2 F/11 M

Preoperative 
lymphoscintigraphy
Intraoperative 
γ-probing and 
blue dye

Before the 
surgery and 
repeated 
If >24 h
had a single 
lapse since 
the latter

11/12 0 4 NR

Marits et al. [19], 
2006, Sweden

Number: 14
pT1: 1 
pT2: 12 
pT3: 1 
Mean age: 65.4 years
Gender: 3 F/11 M

Preoperative 
lymphoscintigraphy 
and SPECT 
Intraoperative blue 
dye and γ-probing

On the 
same day

12/14 0 7 NR

Sherif et al. [23], 
2006, Sweden

Number: 6
pT1: 1 
pT2: 5
Mean age: 69.5 years
Gender: 2 F/4 M

Preoperative 
lymphoscintigraphy 
and SPECT 
Intraoperative blue 
dye and γ-probing 

Before the 
surgery and 
repeated 
If >24 h
had a single 
lapse since 
the latter

5/6 0 2 5/6 with 
bilateral 
distribution

Obturator fossa, 
outside the 
 obturator region, 
common, internal, 
and external iliac

Liedberg et al. [17], 
2006, Sweden

Number: 75
pT0: 6
pTa: 3 
pTCIS: 2
pT1: 3 
pT2: 19
pT3: 37
pT4: 5
Mean age: 65 years
Gender: 16 F/59 M

Preoperative 
lymphoscintigraphy 
Intraoperative 
γ-probing and 
blue dye

1–4 days 
before 
surgery 
and on 
the day of 
surgery

65/75 6 26 NR Only outside 
 obturator fossa: 
common, internal, 
and external iliac, 
perivesical and 
vesicovaginal 
septum

Polom et al. [20], 
2017, Poland

Number: 50
Mean age: 65 years
Gender: 12 F/38 M

Hybrid SPECT/CT 
lymphoscintigraphy 
Intraoperative 
γ-probing 
Intraoperative 
injection of ICG

RadCol: 
day 
before 
surgery 
ICG: just 
before 
surgery

RadCOL 47/50
ICG 47/50

RadCOL 1
ICG 2

RadCOL 15
ICG 16

9/38 with 
contralateral 
lymphatic 
outflow

Proximal, distal, 
and caudal to the 
 uretero-iliac 
 crossing

Aljabery et al. [16], 
2017, Sweden

Number:103
pT1: 12 
pT2: 20 
pT3: 48 
pT4: 23 
Mean age: 69 years
Gender: 23 F/80 M

Intraoperative 
γ-probing and 
blue dye

Just before 
surgery

83/103 13 20 NR NR

Manny and Hemal 
[18], 2014, US

Number:10
pT0: 1 
pT1: 3 
pT2: 1 
pT4: 5
Median age: 71 years 
(range 54–77 years)
Gender: 4 F/6 M

Intraoperative 
injection of ICG

Just before 
surgery

9/10 0 2 8/9 with 
bilateral 
SLN 
drainage

Right and left 
 obturator, right 
external iliac

Rosenblatt et al. [21], 
2017, Sweden

Number: 65
NACDOWN: 24
NACnodown: 23
No-NAC: 18
pT2: 44 
pT3: 20 
pT4: 1
Mean age: 69.1
Gender: 18 F/47 M

Intraoperative 
γ-probing

Just before 
surgery

NACDOWN 22/24 
NACnoDOWN 
21/23 NONAC 17/18

NACDOWN and 
NACnoDOWN 
5 NO-NAC 0

NACDOWN and 
NACnoDOWN 1 
NO-NAC 2

NR NR

SPECT, single-photon emission computed tomography; ICG, indocyanine green; RadCol, radiocolloid; NAC, neoadjuvant chemotherapy; NACDOWN, patients who received 
NAC and completely downstaged; SNL, sentinel lymph node; NR, not reported.
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Discussion

Extended PLND with RC is a treatment option per-
formed routinely for patients with MIBC. However, there 
are controversies regarding the extent of lymph nodes dis-
section [25]. It has been shown that LNs involvement and 
unrecognized metastasis might be present in almost one-
third of MIBC patients, which is detected by the resection 
of LNs; so, bilateral PLND is suggested to be associated rou-
tinely with cystectomy even for CN0 MIBC patients [2]. 

Regarding the importance of lymph node status in re-
vealing the disease prognosis and planning the future 
treatment, NCCN guideline and NCCN bladder panel 
recommendations suggested performing PLND along-
side the surgery as an integral part of the surgical manage-
ment, which might increase the survival rate and lower 
pelvic recurrence; this is due to low sensitivity of staging 
invisible bladder cancer through cystectomy and TURBT 
and inability of CT and MRI in revealing the presence of 
micrometastasis [26]. 

Study name Statistics for each study Event rate and 95% CI
Event
rate

Lower
limit 

Upper
limit z value p value

Sherif, 2001
Matris, 2006
Sherif, 2006
Liedberg, 2006
Polom (1), 2016
Polom (2), 2016
Manny, 2014
Aljabery, 2015
Rosenblatt (1), 2016
Rosenblatt (2), 2016
Rosenblatt (3), 2016

0.846
0.857
0.833
0.867
0.940
0.940
0.900
0.962
0.917
0.913
0.944
0.911

0.549
0.573
0.369
0.770
0.830
0.830
0.533
0.903
0.721
0.711
0.693
0.876

0.961
0.964
0.977
0.927
0.981
0.981
0.986
0.986
0.979
0.978
0.992
0.937

2.218
2.346
1.469
5.510
4.621
4.621
2.084
6.333
3.247
3.177
2.753
12.269

0.027
0.019
0.142
0.000
0.000
0.000
0.037
0.000
0.001
0.001
0.006
0.000

–1.00 –0.50 0 0.50 1.00

Fig. 2. Forest plot of the detection rate.

Table 2. Quality and bias assessment of the included studies

Author, reference 
number, year

The spectrum of the 
patients; patients 
were selected 
regardless of the 
T stage (spectrum bias) 

Consecutive 
recruitment 
(selection
bias)

Gold standard 
(misclassification bias)

Independent, blind 
comparison between the 
index test and an appropriate 
reference (“gold”) standard of 
diagnosis (information bias)

Application of gold standard 
to all patients regardless of 
SLN results (partial 
 verification and differential 
verification biases)

Sherif et al. [22], 2001 Yes Consecutive Radical cystectomy extended lymphadenectomy NR Yes

Marits et al. [19], 2006 Yes Consecutive Radical cystectomy extended lymphadenectomy NR Yes

Sherif et al. [23], 2006 No Consecutive Radical cystectomy extended lymphadenectomy NR Yes

Liedberg et al. [17], 2006 Yes Consecutive Radical cystectomy extended lymphadenectomy NR Yes

Polom et al. [20], 2017 NA Consecutive Radical cystectomy extended lymphadenectomy NR Yes

Aljabery et al. [16], 2015 Yes Consecutive Radical cystectomy extended lymphadenectomy NR Yes

Manny and Hemal [18], 2014 Yes Consecutive Radical cystectomy extended lymphadenectomy NR Yes

Rosenblatt et al. [21], 2016 Yes Consecutive Radical cystectomy extended lymphadenectomy NR Yes

SLN, sentinel lymph node; NR, not reported.
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Sentinel node mapping has been evaluated for the di-
agnosis of pelvic lymph node involvement in MIBC in 
several studies. Our study was done to systematically re-
view the available literature on the importance of SLND 
in MIBC patients.

False Negative and Detection Rate
The pooled detection rate of the included studies was 

high (90% [95% CI 85.2–93.3%]), and this shows that 
finding at least one sentinel node in bladder cancer pa-
tients is feasible intra-operatively.

–4 –3 –2 –1 0 1 2 3 4

0

0.5

1.0

1.5

2.0

SE

Logit event rate

Funnel plot of SE by logit event rate

Sherif, 2001
Matris, 2006
Sherif, 2006
Liedberg, 2006
Polom (1), 2016
Polom (2), 2016
Manny, 2014
Aljaberi, 2015
Rosenblatt (1), 2016
Rosenblatt (2), 2016

1.00
1.00
1.00
0.81
0.94
0.89
1.00
0.65
0.17
1.00

(0.40–1.00)
(0.59–1.00)
(0.16–1.00)
(0.64–0.93)
(0.70–1.00)
(0.65–0.99)
(0.16–1.00)
(0.47–0.80)
(0.00–0.64)
(0.16–1.00)

Sensitivity

Sensitivity

(95% CI)

Pooled sensitivity = 0.79 (0.70–0.85)
Chi2 = 26.63; df = 9 (p = 0.0016)
Inconsistency (I2) = 66.2%

1.00.80.60.40.20

Fig. 4. Forest plot of the sensitivity.

Patient selection
Index test

Reference standard
Flow and timing

0 25 50 75 100 0 25 50 75 100

High Unclear Low

Risk of bias, % Applicability concerns, %

Fig. 5. Risk of bias graph: Author’s judgments of risk of bias presented as percentages across all included studies.

Fig. 3. Funnel plot of the detection rate.
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The false negative rate is the single most important in-
dex of diagnostic performance in sentinel node biopsy. 
Based on the current meta-analysis, SLN biopsy had a 
pooled sensitivity of 79%, (95% CI 0.69–0.86%). Different 
possible reasons may increase the FN rate, such as techni-
cal issues in injection of the tracers, obstruction of lymph 
flow of tracer to SNs due to metastatic involvement of the 
SNs and detection of another node instead of the main 
SNs, and SN detection in one side despite the SNs in-
volvement on the contralateral side [17, 27, 28]. We ex-
plored different variables that could affect the detection 
rate and sensitivity. 

pT Stage of MIBC Patients
All the studies included patients with the different pT 

stage of MIBC (T0-T4), which might affect the obtained FN 
rate and sensitivity of the procedure. Fifty percent or more 
of the patients of 5 of the included studies were at pT stage 
of 3 or 4 [9, 16–18, 21]. The study of Aljabery et al. [16] in-
cluded 71 out of 103 (69%) patients at PT3-PT4 with non-
organ confined tumors, which might be the reason of the 

high FN rate. Based on the meta-analysis, sensitivity would 
decrease to 70% while including patients at pT stage of 3 or 
4; however, sensitivity would increase to 93% by omitting 
patients with higher stages of the disease. Therefore, SLN 
mapping has shown the most accuracy in MIBC patients 
with lower pT stages. This result is also in accordance with 
sentinel node mapping in other tumors [29–33].

Technique
The inconsistency of the SLN biopsy approach was re-

lated to the injection site, detecting technique, and ap-
plied tracers (radioactive agent, dye, and ICG). 

Heterogeneity regarding the radioactive tracer for de-
tecting the SNs was due to the radiolabelled nanocolloid 
particles, which were similar in composition but different 
in size; technetium radiocolloid (radioactive tracer Nano-
coll or Albures) was used in 7 of the studies for preopera-
tive detecting techniques including planar lymphoscin-
tigraphy [17, 19, 22, 23] and SPECT/CT [19, 20, 23], or 
intraoperative SNs detection using handheld γ-detecting 
probe [16, 17, 19–23].

Five out of 8 included studies applied the intraopera-
tive blue dye detection technique [16, 17, 19, 22, 23] and 
utilized 1 mL patent blue dye peritumorally into detrusor 
muscle for SLN detection, but only 3 of them reported the 
data related to the blue dye detection rate [17, 22, 23]. Ac-
cording to these reports, applying dye is easy and cost ef-
fective, and nodes and lymphatic channels containing 
blue dye could be observed visually intraoperatively; how-
ever, blue dye application was associated with a low detec-
tion rate of SLNs compared to radiotracers, which might 
be due to the short time interval between the injection of 
blue dye and performance of nodal mapping [17], which 
is also in accordance with the previous studies of sentinel 
node mapping in other tumors [34–37]. This was also ev-
ident in our meta-analysis based on these 3 studies used 
blue dye.

Only 2 studies applied fluorescence-enhanced robotic 
RC and ICG lymphangiography using a cystoscopic in-
jection of ICG, which proposed this technique as reliable 
and suitable. Although we obtained a high detection rate 
in our meta-analysis of these 2 studies, these results can-
not be generalizable due to a low number of studies per-
formed with this technique and their low sample size, so 
more studies are needed in this regard [18, 20].

Injection Time
In order to perform lymphoscintigraphy, radiotracer 

was injected before the major surgery in several studies; 
however, if more than 24 h had passed following lympho-

Aljabery, 2015

Liedberg, 2006

Manny, 2014

Marits, 2005

Polom, 2016

Rosenblatt, 2016

Sherif, 2001

Sherif, 2006
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day of surgery [16, 17, 19–23]. Studies that used blue dye, 
all injected the dye at the time of surgery [16, 17, 19, 22, 
23]. Regarding the NIFR technique, ICG was injected be-
fore the main surgery and identification of SLNs 
was  achieved almost 30 min following the injection of 
ICG [18, 20]. Overall, the time of tracer injection does 
not  seem to be related to the success of sentinel node 
 mapping.

Lymphatic Drainage
Pelvic has a complex lymphatic pattern, and bladder 

sentinel drainage is very variable with different localiza-
tion in patients, which can be bilateral or unilateral. 
The bilateral distribution of SLNs independent of the 
tumor position, named as the Crossover phenomena, 
might be due to simultaneous SNs initiating from dif-
ferent parts of tumors and anatomically different lym-
phatic routes in individuals. Despite the lateralized 
bladder tumor, various patients have shown contralat-
eral involvement of the nodes in previous reports [38]. 
Bilateral distribution was reported in 4 of the included 
studies. [16, 18, 20, 23], which were mainly detect-
ed through the hybrid SPECT/CT technique in 5 out of 
6 patients, of which 2 had metastatic SNs in non-obtu-
rator localizations [23], ICG lymphangiography [18] in 
8 out of 9 patients, and intraoperative SLNs mapping 
[16] in 30% of the patients. Overall, the reported re-
sults regarding the bilateral distribution of the SNs con-
firm the necessity of the bilateral lymph node dissection 
following RC.

In penile, endometrial, and vulvar cancers, as the mid-
line tumors, unilateral inguinal lymph node drainage in-
creases the possibility of inguinal lymph node involve-
ment on the side without drainage [39]. Unilateral SNs 
detection might lead to an increased the false negative 
rate because of the contralateral involvement of SNs, so 
further evaluations are needed to clarify this issue in the 
bladder cancer. 

According to the included studies, the majority of 
SLNs will be found around the bladder, distally and cau-
dally to the uretero iliac crossing; however, SLN mapping 
could reveal metastatic or non-metastatic SLNs located 
outside the obturator region, including internal, external, 
and common iliac lymph nodes, or outside the PLND 
template (above aortic bifurcation) [17, 18, 22, 23, 40]. 
The existence of metastatic SLNs outside the obturator 
fossa improves the overall staging accuracy even beyond 
extended bilateral PLND dissection, which is not limited 
only to the obturator fossa. 

Lymphadenectomy
Extended pelvic lymphadenectomy by bilateral dissec-

tion of the sentinel nodes and non sentinel nodes of the 
obturator region along iliac vessels (internal, external, 
and common) with a preperitoneal approach and dissec-
tion up to the aortic bifurcation was performed in all the 
studies. 

Publication Bias
Publication bias is evaluated graphically based on the 

funnel plot. According to the symmetry of the Funnel 
plot, no important publication bias existed. 

Quality and Bias Assessment
According to the Table 2, Figures 5 and 6, the quality 

of the included studies was acceptable and no important 
biases could be detected. 

In conclusion, although the studies on SN biopsy of 
MIBC patients resulted in high sensitivity of this tech-
nique, further validated multicenter trials with a larger 
sample size are essential to confirm the reliability 
and  accuracy of this approach and obtaining a stan-
dardized method. Based on the existing studies, pT1 or 
pT2 bladder cancer patients with clinically negative 
lymph nodes are the most appropriated group for SLN 
mapping. 
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