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Introduction

Endometrial cancer is one of the most common female

malignancies, which is expected to increase in frequency

due to the recent surge of obesity (one of the major risk fac-

tors of this cancer) around the world [1, 2]. Lymph node in-

volvement is one of the most important prognostic factors in

the treatment of endometrial cancer and since 1988, FIGO

has included pelvic and para-aortic lymphadenectomy dur-

ing surgical staging of this malignancy [3]. However, the in-

cidence of nodal metastasis is very low (about 10%) in early

stage of endometrial cancer and routine lymphadenectomy

would not be required in many of these patients [4]. Fur-

thermore, lymphadenectomy imposes significant morbidity

for the patients [5], and due to this fact, many centers do not

perform it but reserve it for high-risk patients [6]. 

Sentinel lymph node biopsy is a fairly new approach for

staging of gynecological malignancies [2]. In this method,

only patients with pathologically proven sentinel lymph

nodes (detected by gamma probe and/or blue dye during

surgery) would undergo complete lymph node dissection.

This approach can decrease the morbidity of the patients,

while the accuracy of the lymph node staging would not be

compromised.

Recently, results of several groups on sentinel node map-

ping of endometrial cancer have been published [7, 8] and

many studies have been published on this topic in 2012. 

In the current study, the authors comprehensively

searched the available reports on sentinel node biopsy of

endometrial cancer and summarized the results in the for-

mat of a systematic review and meta-analysis.

Materials and Methods

The authors searched Medline, SCOPUS, ISI web of knowl-

edge, Science Direct, Springer, OVID SP, and Google Scholar

with the following search terms: “endometrium OR endometrial

OR uterine OR uterus) AND sentinel”. Last search was done in

March 2012. No language or date limitation was used for the

present search strategy. If meeting the following inclusion criteria,

meeting abstracts were also included. The reference lists of the

primary studies, as well as citing articles, were searched sepa-

rately for any other possible relevant study. The authors contacted

the corresponding authors for more information when necessary. 

Inclusion criteria
For evaluating the sensitivity of sentinel lymph node biopsy,

only studies with the following criteria were included:

1) Using at least pelvic lymph node dissection (preferably

para-aortic lymphadenectomy in addition) as the gold standard

of lymph node involvement.

2) Total number of patients with positive lymph nodes, as well

as those with false negative results (positive lymph nodes

despite negative sentinel node) were both reported.

For evaluating the detection rate, only studies with the fol-

lowing criterion were included:

1) Total number of included patients, as well as those with

detected sentinel nodes were both reported.
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Two authors independently reviewed the retrieved articles and

any controversy regarding inclusion of the studies were resolved

by the other author’s opinion and consensus. Duplicate publica-

tions were discussed and only the most recent articles were

included in the systematic review.

The quality of the retrieved studies was evaluated by the

Oxford Center for Evidence Based Medicine Checklist of the

diagnostic studies [9]. This checklist has several items including:

consecutive patient recruiting, good spectrum of included

patients (all eligible patients regardless of the severity or stage

of the disease), independent evaluation of the index test regard-

ing the results of the reference standard, the reference standard

itself (should be the best available test which is pelvic (and para-

aortic) lymph node dissection in the present systematic review),

and sufficient explanation of the performed tests in order to

insure reproducibility.

Data abstraction was performed independently by two authors

and the following data were extracted from each study: authors,

publication year, method of sentinel node mapping, bilateral

lymphatic drainage, location of sentinel nodes, using of

immunohistochemistry (IHC), characteristics of the patients,

detection rate, and sensitivity.

Statistical analysis
Random effects model (Der-Simonian and Laird method [10])

was used for pooling detection and false negative rates across

the studies having in mind the considerable heterogeneity of the

included studies regarding the method and included patients. For

statistical evaluation of heterogeneity, Cochrane Q test was used

(p value less than 0.05 was considered statistically significant).

I2 index was used to quantify the extent of heterogeneity. This

index shows the amount of the heterogeneity among the

included studies which is not caused by sampling errors and is

real [11]. Sub-group analysis was used for exploring the hetero-

geneity among studies regarding different variables such as

injection site, injection material, etc. 

Publication bias was graphically evaluated by funnel plots.

Egger’s regression method was used to statistically evaluate the

asymmetry of funnel plots which represents the publication bias

[12]. 

All statistical analyses were done using Meta-Analyst [13],

and Meta-Disc (version 1.4) [14].

Results

Figure 1 shows the summary of the search process of the

present study. Forty-six studies were included in the review

(2,071 patients) [8, 15-59]. Eight studies had two sub-

groups of patients and were included in the review sepa-

rately [8, 20, 26, 35, 39, 41, 50, 52]. Another study had

three different subgroups [25]. Overall 35 studies had

enough information for false negative rate evaluation and

51 studies (including the sub-groups of the above-men-

tioned studies) for detection rate evaluation. Quality as-

sessment and summary data of the included studies are

shown in Tables 1 and 2, respectively.

Detection rate 
Figure 2 shows the forest plot of the detection rate pool-

ing. Pooled detection rate was 77.8% [95% CI: 73.5-

81.5%]. Cochrane Q value was 132.3 (p < 0.0001) and I2

index was 61.4%. 

Funnel plot of the detection rate pooling is shown in Fig-

ure 3. Egger’s regression intercept was - 0.08 (p = 0.84). 

Sub-group analyses regarding injection site showed

84.9% [78.8-89.4%], 73.9% [63.9-81.9%], 69.7% [57.7-

79.4%], 86.1% [66.3-95.1%], and 50% [9-91%] detection

rates for cervical, sub-endometrial, subserosal,

cervical/subserosal, and sub-endometrial/subserosal injec-

tions respectively.

Considering the method of sentinel node mapping, the

following results were obtained: 71.1% [62.6-78.3%],

76.7% [67-84.2%], and 82.8% [76.4-87.8%] detection rates

for blue dye, tracer, and blue dye/tracer techniques respec-

tively. Rossi et al. [54] and Holloway et al. [56] used flo-

rescent dye and near infra-red imaging for detection of the

sentinel nodes with pooled detection rate of 94.2% [64.7-

99.3%]. 

Finally, the effect of surgery type was evaluated and the

following detection rates were obtained: 73.8% [65.1-

81%], 76% [68.5-82.2%], and 88.5% [72-95.8%] for la-

paroscopy, laparotomy, and robotic assisted surgeries,

respectively.

Sensitivity
Figure 4 shows the forest plot of the sensitivity pooling.

Pooled sensitivity was 89% [83-93%]. Cochrane Q value

was 31.97 (p = 0.74 and I2 = 0%).

Funnel plot of the sensitivity pooling is shown in Figure

5. Egger’s regression intercept was - 0.02 (p = 0.95).

Subgroup analysis for injection site showed the follow-

ing sensitivities: 89% [82-94%], 91% [79-98%], 84% [60-

97%], and 100% [29-100%] for cervical, sub-endometrial,

sub-serosal, and cervical/subserosal injections, respec-

tively.

Considering the method of sentinel node mapping, the

following pooled sensitivities were obtained: 86% [75-

93%], 85% [69-95%], 93% [85-97%] for blue dye, tracer,

and blue dye/tracer methods, respectively. 

Sub-group analysis for type of surgery showed the fol-

lowing pooled sensitivities: 87% [74-95%], and 93% [77-

99%] for laparotomy and laparoscopic surgeries,

respectively. 

Figure 1. — Summary of the review process and inclusion of the

studies.
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Table 1. — Quality assessment of the included studies.
First author Institution PublicationConsecutive Prospective Gold standard Enough

year recruitment design explanation

Burk et al. US (Houston) 1996 N/A Yes Pelvic and para-aortic lymphadenectomy Yes

Echt et al. US (New Orlean) 1999 Yes Yes Pelvic and para-aortic lymphadenectomy Yes

Holub et al. Czech Republic (Klando) 2001 Yes Yes Pelvic lymphadenectomy Yes

Holub et al. Czech Republic (Klando) 2002 Yes Yes Pelvic lymphadenectomy Yes

Pelosi et al. Italy (Torino) 2002 Yes Yes Pelvic lymphadenectomy Yes

Pitynski et al. Poland (Krakow) 2003 N/A N/A Pelvic lymphadenectomy and para-aortic in selected cases Yes

Pelosi et al. Italy (Torino) 2003 Yes Yes Pelvic lymphadenectomy Yes

Holub et al. Czech Republic (Klando) 2004 Yes Yes Pelvic lymphadenectomy Yes

(infra-aortic lymphadenectomy only in 1)

Fersis et al. Germany (Teubingen) 2004 Yes Yes Pelvic lymphadenectomy (and para-aortic in selected cases) Yes

Niikura et al. Japan (Sendai) 2004 Yes Yes Pelvic and paraaortic lymphadenectomy Yes

Gien et al. UK (London) 2005 No (only Yes Pelvic lymphadenectomy/ Yes

patients with Para-aortic in high risk patients 

high risk of (papillary serous and clear cell carcinomas)

metastasis 

were included)

Dzvincuk et al. Czech Republic (Olomouc) 2006 Yes Yes Pelvic lymphadenectomy and para-aortic Yes

lymphadenectomy in 11 patients

Niccoli A. et al. Italy (Bari) 2006 N/A N/A N/A No

Lopes et al. Brazil (Sao Paulo) 2007 Yes Yes Pelvic and para-aortic lymphadenectomy up to Yes

the level of the renal veins

Yan et al. China (Foshan) 2007 Yes Yes Pelvic lymph node dissection Yes

Altgassen et al. Germany (Leubeck) 2007 No Yes Pelvic and para-aortic lymphadenectomy 15; pelvic 8 Yes

Delaloye et al. Switzerland (Lausanne) 2007 N/A Yes Pelvic and para-aortic lymphadenectomy Yes

Frumovitz et al. US (Houston) 2007 No Yes Pelvic and para-aortic lymphadenectomy Yes

Maccauro et al. Italy (Milan) 2007 Yes Yes Pelvic lymphadenectomy and para-aortic in serous Yes

or papillary carcinomas

Jiang et al. China (Sun Yat-sen) 2008 Yes Yes Pelvic lymphadenectomy Yes

Bats et al. France (Paris) 2008 Yes Yes Pelvic lymphadenectomy/para-aortic in selected cases Yes

Clement et al. France (Paris) 2008 No Yes Pelvic lymphadenectomy/para-aortic in selected cases Yes

Ballester et al. France (Paris) 2008 Yes Yes Pelvic lymphadenectomy (40) para-aortic in selected Yes

cases (6) (patients with clear cell or serous cancers)

Perrone et al. Italy (Bologna) 2008 Yes Yes Pelvic lymphadenectomy and lombo-aortic Yes

lymphadenectomy was performed in high grade EC 

and in cases of lombo-aortic captation of SLN

Li et al. China (Bejing) 2009 N/A Yes Pelvic lymphadenectomy in 27 patients/pelvic node Yes

sampling in 4/7 of the 31 patients, a para-aortic 

lymph node sampling was performed

Robova et al. Czech Republic (Prague) 2009 N/A Yes Pelvic and para-aortic lymphadenectomy up Yes

to the inferior mesenteric artery

Vidal-Sicart et al. Spain (Barcelona) 2009 N/A Yes Selected lymphadenectomy Yes

Kara et al. Turkey (Ankara) 2009 Yes Yes Pelvic and para-aortic lymphadenectomy Yes

Zenzola et al. Venezuela (Caracas) 2009 Yes Yes Pelvic lymphadenectomy Yes

Gemignani et al. US (New York) 2009 Yes Yes Pelvic lymphadenectomy in all and pelvic Yes

as well as para-aortic in some at the surgeons discreption

Qu et al. China (Shandong) 2010 Yes Yes Pelvic and para-aortic lymphadenectomy Yes

Feranec et al. Czeck Republic (Brno) 2010 Yes Yes Pelvic lymphadenectomy (para-aortic in high risk patients) Yes

Dittmann et al. Germany (Teubingen) 2010 N/A Yes N/A No

Sola et al. Spain (Barcelona) 2010 Yes Yes Regional lymph node dissection No

Mais et al. Italy (Cagliari) 2010 Yes Yes Pelvic lymphadenectomy Yes

Ballester et al. France (Multicenter) 2011 Yes Yes Pelvic lymphadenectomy and para-aortic Yes

lymphadenectomy in 15 patients

Cordero García et al. Spain (Madrid) 2012 Yes Yes Pelvic lymphadenectomy Yes

Barlin et al. US (New York) 2012 Yes Yes Pelvic lymphadenectomy in all and pelvic as well as  Yes

para-aortic in some at the surgeons discretion

Leitao et al. US (New York) 2011 Yes Yes Pelvic lymphadenectomy in all and pelvic as well as  No

para-aortic in some at the surgeons discretion

Rossi et al. US (Indiana) 2012 N/A Yes Pelvic lymphadenectomy and para-aortic lymphadenectomy Yes

Holloway et al. US (Orlando) 2012 N/A No Pelvic lymphadenectomy in all and para-aortic Yes

lymphadenectomy in high risk patients

Buda et al. Italy (Monza) 2012 Yes Yes Pelvic lymphadenectomy in all and para-aortic Yes

lymphadenectomy in selected patients

How et al. Canada (Montreal) 2012 Yes Yes Pelvic lymphadenectomy in all and para-aortic Yes

lymphadenectomy in selected patients

Solima et al. Italy (Milan) 2012 Yes Yes Pelvic lymphadenectomy in all and para-aortic Yes

lymphadenectomy in high risk patients
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Rossi et al. [54], Holloway et al. [56], and How et al.
[58] used robotic-assisted surgery with florescent dye with

pooled sensitivity of 86% [64-97%].

Including only larger studies with more than five patients

with positive lymph nodes showed pooled sensitivity of

89% [83-94%].

Discussion

Sentinel node biopsy is a novel method for regional

lymph node staging of many solid tumors including breast

cancer [60], urological malignancies [61], etc. This method

can considerably decrease the morbidity of regional lymph

node dissection by sparing many patients of this invasive

procedure [62]. This concept had been used for endome-

trial cancer since 1996 [15] with different results. In the

current systematic review, the authors comprehensively

searched and pooled results of available studies. 

In should be mentioned that in 2011, similar systematic

review was published by Kang et al. [63]. The present sys-

tematic review had considerable more complete search

strategy as the authors could locate 46 relevant studies

compared to Kang et al. This systematic review also in-

cluded the most recent results of the most experienced

Figure 2. — Forrest plot of the detection pooling rate.
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group in sentinel node mapping of endometrial cancer

(Barlin et al. study [53]) which makes it more valid. In ad-

dition, Kang et al. study had several errors in data extrac-

tion: for example they considered articles by Holub et al.
[17, 18, 22] as duplicate and did not include two of them

in the analysis. However these three studies are method-

ologically different and the authors included them in this

study. Finally, sensitivities of Delaloye et al. [31] and Burk

et al. [15] studies were mistakenly calculated by Kang et
al.: 89% and 50%, despite being 100% and 67%.

Detection rate
Pooled detection rate was rather low (77.8%) compared

to other malignancies such as breast cancer. However the

included studies were highly heterogeneous (I2 = 61.4%)

and subgroup analysis showed that injection site, and

mapping method could affect detection rate. For example

Echt et al. reported 0% detection rate in their study, which

could be attributed to the intramyometrial injection of the

tracer as they mentioned themselves [16]. As shown

above, cervical or combined cervical/subserosal injections

of the tracer had the highest detection rates compared to

other techniques such as sub-endometrial or subserosal.

This can be due to ease of cervical injection compared to

other sites [64]. 

Using both blue dye and radiotracer showed the highest

detection rate compared to either of the methods alone. Flu-

orescent dye (using near infrared imaging intraoperatively)

was used in two studies with very high detection rate and

seems to be a promising method.

Unilateral and bilateral mapping
Endometrium as a midline organ has two different path-

ways of lymphatic drainage: right and left [8]. As shown

in Table 2, the rate of bilateral drainage was not reported

in many studies included in the current meta-analysis.

This rate was between 97.1% in Holloway et al. study

[56] and 12.5% in Frumovitz et al. study [32]. In the two

largest series, this rate was 69% [8] and 63% [53], re-

spectively. Failure to detect sentinel nodes bilaterally can

be of importance regarding the need to perform lym-

phadenectomy on the failure side. Two of the largest stud-

ies thus far have evaluated this notion in detail. Ballester

et al. reported 100% sensitivity while using hemipelves

as the unit of calculations despite 84% using patients as

the unit [8]. Barlin et al. also showed the same results as

they reported 98.1% sensitivity using hemipelves as the

unit of calculations despite 85.1% using the patients as

the unit [53]. It is worth mentioning that for other midline

organs such as the penis, this method has been used with

fairly promising results [65]. 

Distribution of sentinel nodes and para-aortic sentinel
lymph nodes

As shown in Table 2, distribution of sentinel nodes de-

pends on the injection site of the mapping materials. The

sub-serosal and sub-endometrial methods show para-aor-

tic sentinel nodes more frequently (as high as 38% of all

sentinel nodes in one study) [15]. Isolated para-aortic sen-

tinel node detection was also reported in 1%-36% of pa-

tients in various studies [23, 24, 32, 40, 53, 58, 59].

Para-aortic lymph node dissection is under much debate

in endometrial cancer. The incidence of para-aortic lymph

node metastasis without pelvic lymph node involvement

was reported to be 1% [66]. The incidence of isolated para-

aortic recurrence was also reported to be only 6%, most of

which were in grade 3 tumors. The present meta-analysis

also supports these data since positive para-aortic sentinel

nodes were only reported by limited studies: Lopes et al.
(four out of five patients with positive nodes) [28], Feranec

et al. (one patient which was the only positive patient) [47],

Fersis et al. (one patient in both para-aortic and pelvic re-

gions), Delaloye et al. (in 40% of positive sentinel nodes)

[31], Maccauro et al. (one out of seven positive patients)

[33], Niikura et al. (one out of six positive patients) [67],

Holloway et al. (five out of ten positive patients) [56], and

Solima et al. (one out of ten positive patients) [59]. 

Altogether, it seems that the incidence of para-aortic

lymph node involvement is low and cervical injection

(which is very easy to perform) of the mapping material

would suffice for sentinel node mapping.

Sensitivity
Overall, the pooled sensitivity of sentinel node mapping

was 89% [83-93], which is fairly acceptable compared to

other known malignancies, such as breast cancer or

melanoma [68]. The included studies were not that hetero-

geneous in this regard (Cochrane Q value = 31.9, p = 0.7

and I2 = 0%).

Sub-group analysis showed that using both blue dye and

tracer had the highest sensitivity compared to either tech-

nique alone. This was in accordance with other malignan-

cies such as breast and urological cancers [61, 68]. 

Site of injection and type of surgery were both related to

sensitivity: laparoscopic surgery and cervical/subserosal in-

jection showed higher pooled sensitivities.

Effect of immunohistochemistry (IHC)
High frequency of lymph node micro-metastasis has been

reported to occur in endometrial cancer, however detection

of micro-metastases by routine IHC evaluation of all re-

moved lymph nodes is not time or cost-effective [69]. How-

ever, using IHC on the removed sentinel nodes seems to be

cost-effective and can decrease the false negative rate. This

was supported by the results of the present meta-analysis.

Lopes et al. [28], Bats et al. [36], Ballester et al. [38],

Ballester et al. (multicenter study)[8], Altgassen et al. [30],

Kara et al. [43], Perrone et al. [39], Niikura et al. [24], Bar-

lin et al. [53], Holloway et al. [56], and Solima et al. [59]

reported 5, 2, 4, 9, 3, 1, 5, 4, 9, 4, and six additional posi-

tive nodes using IHC compared to the conventional hema-

toxylin and eosin (H&E) staining. 

Although using IHC can decrease the false negative rate,

however the prognostic impact of micro-metastasis is not

yet clear and needs further studies with high sample size

and long follow up [69].
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Figure 3. — Funnel plot of the detection pooling rate. Figure 5. — Funnel plot of the pooling sensitivity.

Figure 4. — Forrest plot of the pooling sensitivity.
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Learning curve effect
Introduction of sentinel node mapping into a surgical

community needs certain time for the surgeons to gain

enough experience. This concept has been shown in breast

cancer surgery [60]. In the present meta-analysis, several

studies reported learning curve effect on the mapping suc-

cess. Khoury-Collado et al. reported that four out of five

false negative cases in their study occurred when surgeons

had less than ten patients experience, and detection rate dur-

ing 2006 and 2007 was 37/46 while during 2008-2010 it

was 82/86 [7]. Zenzola et al. reported that four detection

failure in their study was in their first patients [44]. De-

laloye et al. also reported that all 11 failures occurred dur-

ing learning curve phase [31]. Dittmann et al. reported that

most of the failures occurred during learning curve with-

out giving any information [48]. Finally Li et al. reported

that their first four patients had defective injection which

were excluded from the analysis [40]. 

Overall, it seems that learning curve effect is also present

in sentinel node mapping of endometrial cancer (high false

negative and low detection rate) and surgeons should con-

sider it before routine use. 

Publication bias
Publication bias is an important issue which should be

addressed in all systematic reviews. For minimizing this

bias, the present authors searched several databases and ex-

erted no language limit in this search. They also included

meeting abstracts to the systematic review. One study in

Polish [20], two studies in Czech [26, 47], three studies in

Chinese [29, 35, 46], and two studies in Spanish [44, 55]

were included. Six of the included studies were meeting ab-

stracts [27, 33, 45, 48, 49, 52], one was a proceeding paper

[19], and one was a thesis [35].

Despite these efforts, funnel plots of detection rate and

sensitivity pooling showed some asymmetry, although

Egger’s test was not statistically significant in either one.

This shows that publication bias can be a concern in the

present meta-analysis as an important limitation.

Limitations
One of the major limitations of th present study is the qual-

ity of the included studies. Twenty-nine of the included stud-

ies did not recruit patients in a consecutive fashion. The

spectrum of the included patients was not broad enough in

some groups. For example Gien et al., Burke et al., and Fru-

movitz et al. only included patients with high risk of metas-

tasis in their study [15, 25, 32]. Most importantly, the gold

standard used by most studies was pelvic lymphadenectomy

and para-aortic lymph node dissection that was performed in

selected cases or not performed at all. Only ten studies in-

cluded routine para-aortic lymphadenectomy in their study

[15, 16, 24, 28, 31, 32, 41, 43, 46, 54]. This can influence the

false negative rate of the present meta-analysis and is a major

limitation this our study.

Another limitation is the low incidence of positive lymph

nodes in endometrial carcinoma. Many studies included in

this meta-analysis only had one patient with positive lymph

nodes and overall 187 patients with positive nodes were in-

cluded in the current systematic review. Although limiting

the sensitivity pooling to the larger series did not affect the

sensitivity (89% sensitivity when including only studies

with more than five patients with involved nodes), it seems

that larger studies with more positive lymph node patients

are still required before considering sentinel node mapping

a safe method in endometrial cancer.

Conclusion

Sentinel node mapping is feasible in endometrial cancer.

Cervical injection, as well as using both blue dye and ra-

diotracer, results in the highest detection rate and sensitiv-

ity. Larger studies are still needed to evaluate the false

negative rate and the factors influencing the sensitivity in

more detail.

Acknowledgements

This study was supported financially by Vice Chancellery of

Research, Mashhad University of Medical Sciences, and is the

result of a thesis under the approval number of 2401 which was

performed in Nuclear Medicine Research Center of Mashhad

University of Medical Sciences. The sponsor had no involve-

ment in the study design, in the collection, analysis and inter-

pretation of data; in the writing of the manuscript; or in the deci-

sion to submit the manuscript for publication. The authors wish

to thank all corresponding authors who provided additional

information regarding their studies.

References

[1] Amant F., Moerman P., Neven P., Timmerman D., Van Limbergen

E., Vergote I.: “Endometrial cancer”. Lancet, 2005, 366, 491.

[2] Mais V., Cirronis M.G., Piras B., Silvetti E., Cossu E., Melis G.B.:

“Intraoperative lymphatic mapping techniques for endometrial can-

cer”. Expert. Rev. Anticancer Ther., 2011, 11, 83.

[3] Creasman W.: “Revised FIGO staging for carcinoma of the en-

dometrium”. Int. J. Gynaecol. Obstet., 2009, 105, 109.

[4] Creasman W.T., Morrow C.P., Bundy B.N., Homesley H.D., Gra-

ham J.E., Heller P.B.: “Surgical pathologic spread patterns of en-

dometrial cancer. A Gynecologic Oncology Group Study”. Cancer,
1987, 60, 2035.

[5] Abu-Rustum N.R., Alektiar K., Iasonos A., Lev G., Sonoda Y., Agha-

janian C. et al.: “The incidence of symptomatic lower-extremity

lymphedema following treatment of uterine corpus malignancies: a

12-year experience at Memorial Sloan-Kettering Cancer Center”.

Gynecol. Oncol., 2006, 103, 714.

[6] Maggino T., Romagnolo C., Zola P., Sartori E., Landoni F., Gad-

ducci A.: “An analysis of approaches to the treatment of endome-

trial cancer in western Europe: a CTF study”. Eur. J. Cancer, 1995,

31A, 1993.

[7] Khoury-Collado F., Murray M.P., Hensley M.L., Sonoda Y., Alek-

tiar K.M., Levine D.A. et al.: “Sentinel lymph node mapping for en-

dometrial cancer improves the detection of metastatic disease to

regional lymph nodes”. Gynecol. Oncol., 2011, 122, 251.

[8] Ballester M., Dubernard G., Lecuru F., Heitz D., Mathevet P., Mar-

ret H. et al.: “Detection rate and diagnostic accuracy of sentinel-node

biopsy in early stage endometrial cancer: a prospective multicentre

study (SENTI-ENDO)”. Lancet Oncol., 2011, 12, 469.

[9] Oxfor Center for Evidence Based Medicine checklist of the diag-

nostic studies. Available in: www.cebm.net/index.aspx?o=1025. Ac-

cessed on Apr 2011.

[10] DerSimonian R., Laird N.: “Meta-analysis in clinical trials”. Con-
trol. Clin. Trials, 1986, 7, 177.



M. Ansari, M.A. Ghodsi Rad, M. Hassanzadeh, H. Gholami, Z. Yousefi, V.R. Dabbagh, R. Sadeghi400

[11] Higgins J.P., Thompson S.G.: “Quantifying heterogeneity in a meta-

analysis”. Stat. Med., 2002, 21, 1539.

[12] Egger M., Davey Smith G., Schneider M., Minder C.: “Bias in meta-

analysis detected by a simple, graphical test”. BMJ, 1997, 315, 629.

[13] Wallace B.C., Schmid C.H., Lau J., Trikalinos T.A.: “Meta-Analyst:

software for meta-analysis of binary, continuous and diagnostic

data”. BMC Med. Res. Methodol., 2009, 9, 80.

[14] Zamora J., Abraira V., Muriel A., Khan K., Coomarasamy A.: “Meta-

DiSc: a software for meta-analysis of test accuracy data”. BMC Med.
Res. Methodol., 2006, 6, 31.

[15] Burke T.W., Levenback C., Tornos C., Morris M., Wharton J.T., Ger-

shenson D.M.: “Intraabdominal lymphatic mapping to direct selec-

tive pelvic and paraaortic lymphadenectomy in women with

high-risk endometrial cancer: results of a pilot study”. Gynecol.
Oncol., 1996, 62, 169.

[16] Echt M.L., Finan M.A., Hoffman M.S., Kline R.C., Roberts W.S., Fior-

ica J.V.: “Detection of sentinel lymph nodes with lymphazurin in cer-

vical, uterine, and vulvar malignancies”. South Med. J., 1999, 92, 204.

[17] Holub Z., Kliment L., Lukac J., Voracek J.: “Laparoscopically-as-

sisted intraoperative lymphatic mapping in endometrial cancer: pre-

liminary results”. Eur. J. Gynaecol. Oncol., 2001, 22, 118.

[18] Holub Z., Jabor A., Kliment L.: “Comparison of two procedures for

sentinel lymph node detection in patients with endometrial cancer: a

pilot study”. Eur. J. Gynaecol. Oncol., 2002, 23, 53.

[19] Pelosi E., Arena V., Baudino B., Bello M., Gargiulo T., Giusti M., et
al.: “Preliminary study of sentinel node identification with 99mTc

colloid and blue dye in patients with endometrial cancer”. Tumori,
2002, 88, S9.

[20] Pitynski K., Basta A., Oplawski M., Przeszlakowski D.,

Hubalewska-Hola A., Krysztopowicz W.: “[Lymph node mapping

and sentinel node detection in carcinoma of the cervix, endometrium

and vulva]”. Ginekol. Pol., 2003, 74, 830.

[21] Pelosi E., Arena V., Baudino B., Bello M., Giusti M., Gargiulo T., et
al.: “Pre-operative lymphatic mapping and intra-operative sentinel

lymph node detection in early stage endometrial cancer”. Nucl. Med.
Commun., 2003, 24, 971.

[22] Holub Z., Jabor A., Lukac J., Kliment L.: “Laparoscopic detection of

sentinel lymph nodes using blue dye in women with cervical and en-

dometrial cancer”. Med. Sci. Monit., 2004, 10, CR587.

[23] Fersis N., Gruber I., Relakis K., Friedrich M., Becker S., Wallwiener

D. et al.: “Sentinel node identification and intraoperative lymphatic

mapping. First results of a pilot study in patients with endometrial

cancer”. Eur. J. Gynaecol. Oncol., 2004, 25, 339.

[24] Niikura H., Okamura C., Utsunomiya H., Yoshinaga K., Akahira J.,

Ito K. et al.: “Sentinel lymph node detection in patients with en-

dometrial cancer”. Gynecol. Oncol., 2004, 92, 669.

[25] Gien L.T., Kwon J.S., Carey M.S.: “Sentinel node mapping with iso-

sulfan blue dye in endometrial cancer”. J. Obstet. Gynaecol. Can.,
2005, 27, 1107.

[26] Dzvincuk P., Pilka R., Kudela M., Koranda P.: “[Sentinel lymph node

detection using 99mTc-nanocolloid in endometrial cancer]”. Ceska
Gynekol., 2006, 71, 231.

[27] Niccoli Asabella A., Mazzone C., Santoro P., Cormio G., Ceci O.,

Bettocchi S. et al.: “Lymphoscintigraphy and radioguided sentinel

lymph node detection in endometrial cancer”. Eur. J. Nucl. Med.
Mol. Imaging, 2006, 33, S143.

[28] Lopes L.A., Nicolau S.M., Baracat F.F., Baracat E.C., Goncalves

W.J., Santos H.V. et al.: “Sentinel lymph node in endometrial can-

cer”. Int. J. Gynecol. Cancer, 2007, 17, 1113.

[29] Yan X.J., Li G.Y., Chen L., Wang G., Shang H.L., Lin C.T. et al.: “A

pilot study on sentinel lymph nodes identification in patients with

cervical cancer or endometrial cancer”. J. Pract. Obstet. Gynecol.,
2007, 23, 737.

[30] Altgassen C., Pagenstecher J., Hornung D., Diedrich K., Hornemann

A.: “A new approach to label sentinel nodes in endometrial cancer”.

Gynecol. Oncol., 2007, 105, 457.

[31] Delaloye J.F., Pampallona S., Chardonnens E., Fiche M., Lehr H.A.,

De Grandi P. et al.: “Intraoperative lymphatic mapping and sentinel

node biopsy using hysteroscopy in patients with endometrial can-

cer”. Gynecol. Oncol., 2007, 106, 89.

[32] Frumovitz M., Bodurka D.C., Broaddus R.R., Coleman R.L., Sood

A.K., Gershenson D.M. et al.: “Lymphatic mapping and sentinel

node biopsy in women with high-risk endometrial cancer”. Gynecol.
Oncol., 2007, 104, 100.

[33] Maccauro M., Solima E., Aliberti G., Hanozet F., Castellani M.R.,

Raspaglesi F. et al.: “Detection of sentinel lymph node in endome-

trial cancer by hysteroscopic peritumoral injection on 99mTc labeled

albumin nanocolloid, preliminary results”. Eur. J. Nucl. Med. Mol.
Imaging, 2007, 34, S203.

[34] Niikura H., Okamoto S., Yoshinaga K., Nagase S., Takano T., Ito K.

et al.: “Detection of micrometastases in the sentinel lymph nodes of

patients with endometrial cancer”. Gynecol. Oncol., 2007, 105, 683.

[35] Jiang H.Y.: “Laparoscopic sentinel lymph node biopsy procedure in

early-stage uterine cancers”. Thesis, 2008.

[36] Bats A.S., Clement D., Larousserie F., Le Frere-Belda M.A., Pier-

quet-Ghazzar N., Hignette C. et al.: “Does sentinel node biopsy im-

prove the management of endometrial cancer? Data from 43

patients”. J. Surg. Oncol., 2008, 97, 141.

[37] Clement D., Bats A.S., Ghazzar-Pierquet N., Le Frere Belda M.A.,

Larousserie F., Nos C. et al.: “Sentinel lymph nodes in endometrial

cancer: is hysteroscopic injection valid?”. Eur. J. Gynaecol. Oncol.,
2008, 29, 239.

[38] Ballester M., Dubernard G., Rouzier R., Barranger E., Darai E.: “Use

of the sentinel node procedure to stage endometrial cancer”. Ann.
Surg. Oncol., 2008, 15, 1523.

[39] Perrone A.M., Casadio P., Formelli G., Levorato M., Ghi T., Costa S.

et al.: “Cervical and hysteroscopic injection for identification of sen-

tinel lymph node in endometrial cancer”. Gynecol. Oncol., 2008, 111,

62.

[40] Li B., Wu L.Y., Li X.G., Lu H., Bai P., Li S.M. et al.: “Sentinel

lymph node identification in endometrial cancer”. Clin. Oncol. Can-
cer Res., 2009, 6, 124.

[41] Robova H., Charvat M., Strnad P., Hrehorcak M., Taborska K., Skapa

P. et al.: “Lymphatic mapping in endometrial cancer: comparison of

hysteroscopic and subserosal injection and the distribution of sen-

tinel lymph nodes”. Int. J. Gynecol. Cancer, 2009, 19, 391.

[42] Vidal-Sicart S., Domenech B., Lujan B., Pahisa J., Torne A., Mar-

tinez-Roman S. et al.: “[Sentinel node in gynaecological cancers.

Our experience]”. Rev. Esp. Med. Nucl., 2009, 28, 221.

[43] Kara P.P., Ayhan A., Caner B., Gultekin M., Ugur O., Bozkurt M.F.

et al.: “Analysis of dendritic cells in sentinel lymph nodes of pa-

tients with endometrial and patients with cervical cancers”. Int. J.
Gynecol. Cancer, 2009, 19, 1239.

[44] Zenzola V., Gonzalez C., Sanchez Lander J., Contreras I., Medina

F., Castillo J. et al.: “Uso del ganglio centinela con azul patente y ra-

diofármaco en pacientes con cáncer de endometrio”. Rev. Venez.
Oncol., 2009, 21, 3.

[45] Gemignani M., Pandit-Taskar N., Dao F., Chou J., Iasonos A.,

Soslow R. et al.: “Lessons learned in sentinel lymph node mapping

in endometrial cancer: Analysis of factors associated with failed

mapping”. Gynecol. Oncol., 2009, 112, S77.

[46] Qu J., Qi Y.P., Li W.B.: “The preliminary research of sentinel lymph

node enhancement identification detection in endometrial cancer”. J.
Jining. Med. Univ., 2010, 33, 398.

[47] Feranec R., Moukova L., Stanicek J., Stefanikova L., Chovanec J.:

“[Sentinel lymph node identification using hysteroscopy in patients

with endometrial cancer]”. Klin. Onkol., 2010, 23, 92.

[48] Dittmann H., Becker S., Bares R.: “Detection of sentinel lymph

nodes after hysteroscopic peritumoral injection of Tc-99m-

Nanocolloid in grade 1 endometrial carcinoma”. J. Nucl. Med., 2010,

51, 18.

[49] Sola O., Vidal-Sicart S., Paredes P., Martinez-Roman S., Pahisa J.,

Pons F.: “Sentinel node detection in uterine carcinoma using a

portable gamma-camera”. Eur. J. Nucl. Med. Mol. Imaging, 2010,

37, S227.

[50] Mais V., Peiretti M., Gargiulo T., Parodo G., Cirronis M.G., Melis

G.B.: “Intraoperative sentinel lymph node detection by vital dye

through laparoscopy or laparotomy in early endometrial cancer”. J.
Surg. Oncol., 2010, 101, 408.

[51] Pandit-Taskar N., Gemignani M.L., Lyall A., Larson S.M., Barakat

R.R., Abu Rustum N.R.: “Single photon emission computed to-

mography SPECT-CT improves sentinel node detection and local-

ization in cervical and uterine malignancy”. Gynecol. Oncol., 2010,

117, 59.

[52] Leitao M.M., Khoury-Collado F., Gardner G.J., Jewell E., Brown C.,

Sonoda Y. et al.: “Sentinel lymph node mapping in patients with en-

dometrial cancer undergoing robot-assisted or standard laparoscopic

procedures”. Gynecol. Oncol., 2011, 120, S40.



Sentinel node biopsy in endometrial cancer: systematic review and meta-analysis of the literature 401

[53] Barlin J.N., Khoury-Collado F., Kim C.H., Leitao M.M. Jr., Chi

D.S., Sonoda Y. et al.: “The importance of applying a sentinel

lymph node mapping algorithm in endometrial cancer staging: Be-

yond removal of blue nodes”. Gynecol. Oncol., 2012, 125, 531.

[54] Rossi E.C., Ivanova A., Boggess J.F.: “Robotically assisted fluo-

rescence-guided lymph node mapping with ICG for gynecologic

malignancies: a feasibility study”. Gynecol. Oncol., 2012, 124, 78.

[55] Cordero Garcia J.M., Lopez de la Manzanara Cano C.A., Garcia

Vicente A.M., Garrido Esteban R.A., Palomar Munoz A., Talavera

Rubio M.P. et al.: “Study of the sentinel node in endometrial can-

cer at early stages: preliminary results”. Rev. Esp. Med. Nucl. Im-
agen Mol., 2012, 31, 243.

[56] Holloway R.W., Bravo R.A., Rakowski J.A., James J.A., Jeppson

C.N., Ingersoll S.B. et al.: “Detection of sentinel lymph nodes in

patients with endometrial cancer undergoing robotic-assisted stag-

ing: A comparison of colorimetric and fluorescence imaging”. Gy-
necol. Oncol., 2012, 126, 25.

[57] Buda A., Elisei F., Arosio M., Dolci C., Signorelli M., Perego P. et
al.: “Integration of hybrid single-photon emission computed to-

mography/computed tomography in the preoperative assessment

of sentinel node in patients with cervical and endometrial cancer:

our experience and literature review”. Int. J. Gynecol. Cancer,
2012, 22, 830.

[58] How J., Lau S., Press J., Ferenczy A., Pelmus M., Stern J. et al.:
“Accuracy of sentinel lymph node detection following intra-oper-

ative cervical injection for endometrial cancer: A prospective

study”. Gynecol. Oncol., 2012, 122, 332.

[59] Solima E., Martinelli F., Ditto A., Maccauro M., Carcangiu M.,

Mariani L. et al.: “Diagnostic accuracy of sentinel node in en-

dometrial cancer by using hysteroscopic injection of radiolabeled

tracer”. Gynecol. Oncol., 2012, 126, 419.

[60] Abdollahi A., Jangjoo A., Dabbagh Kakhki V.R., Rasoul Zakavi S.,

Memar B., Naser Forghani M. et al.: “Factors affecting sentinel

lymph node detection failure in breast cancer patients using intra-

dermal injection of the tracer”. Rev. Esp. Med. Nucl., 2010, 29,

73.

[61] Sadeghi R., Tabasi K.T., Bazaz S.M., Kakhki V.R., Massoom A.F.,

Gholami H. et al.: “Sentinel node mapping in the prostate cancer.

Meta-analysis”. Nuklearmedizin, 2011, 50, 107.

[62] Persson J., Reynisson P., Borgfeldt C., Kannisto P., Lindahl B., Boss-

mar T.: “Robot assisted laparoscopic radical hysterectomy and pelvic

lymphadenectomy with short and long term morbidity data”. Gynecol.
Oncol., 2009, 113, 185.

[63] Kang S., Yoo H.J., Hwang J.H., Lim M.C., Seo S.S., Park S.Y.: “Sen-

tinel lymph node biopsy in endometrial cancer: meta-analysis of 26

studies”. Gynecol. Oncol., 2011, 123, 522.

[64] Khoury-Collado F., Abu-Rustum N.R.: “Lymphatic mapping in en-

dometrial cancer: a literature review of current techniques and results”.

Int. J. Gynecol. Cancer, 2008, 18, 1163.

[65] Sadeghi R., Gholami H., Zakavi S.R., Kakhki V.R., Tabasi K.T.,

Horenblas S.: “Accuracy of sentinel lymph node biopsy for inguinal

lymph node staging of penile squamous cell carcinoma: systematic

review and meta-analysis of the literature”. J. Urol., 2012, 187, 25.

[66] Abu-Rustum N.R., Gomez J.D., Alektiar K.M., Soslow R.A., Hens-

ley M.L., Leitao M.M. Jr. et al.: “The incidence of isolated paraaor-

tic nodal metastasis in surgically staged endometrial cancer patients

with negative pelvic lymph nodes”. Gynecol. Oncol., 2009, 115, 236.

[67] Niikura H., Okamura C., Akahira J., Takano T., Ito K., Okamura K. et
al.: “Sentinel lymph node detection in early cervical cancer with com-

bination 99mTc phytate and patent blue”. Gynecol. Oncol., 2004, 94,

528.

[68] Somasundaram S.K., Chicken D.W., Waddington W.A., Bomanji J.,

Ell P.J., Keshtgar M.R.: “Sentinel node imaging in breast cancer using

superficial injections: technical details and observations”. Eur. J. Surg.
Oncol., 2009, 35, 1250.

[69] Delpech Y., Coutant C., Darai E., Barranger E.: “Sentinel lymph node

evaluation in endometrial cancer and the importance of micrometas-

tases”. Surg. Oncol., 2008, 17, 237.

Address reprint requests to:

R. SADEGHI, M.D. 

Nuclear Medicine Research Center,

Imam Reza Hospital, 

Ebn Sina St. Mashhad (Iran)

E-mail: sadeghir@mums.ac.ir

raminsadeghi1355@yahoo.com


