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A systematic review and meta-analyses of sentinel lymph node identification

Abstract

Purpose

Sentinel lymph node biopsy (SLNB) has become a widely accepted staging procedure for both breast 

carcinoma and melanoma. The aim of our study was to systematically review different SLNB tech-

niques and perform a meta-analysis for corresponding identification and false-negative rates.

Methods

A systematic review of the literature on SLNB in patients with early-stage breast carcinoma and mela-

noma was performed. Only original study groups were included. The SLN identification rate and false 

negative rate were pooled for patients with breast carcinoma or melanoma according to radiocolloid 

tracer, blue dye, indocyanine green (ICG), or a combination of a radiocolloid tracer with a blue or ICG.

Results

Between 1992 and 2012, a total of 154 studies (88 breast carcinoma and 66 melanoma) were reported 

that met our eligibility criteria. These studies included a total of 44,172 patients. The pooled SLN 

identification rate in breast carcinoma and melanoma patients using solely blue dye was 85% (range: 

65-100%) and 84% (range: 59-100%), while for radiocolloid alone it was 94% (range: 67-100%) and 

99% (range: 83-100%), respectively. Using a combination of radiocolloid and ICG, identification rates 

of 96% (range 94.9-96.7%) and 100% (range: 100-100%) were reported.

Conclusions

The current meta-analysis provides data that favors the use of radiocolloid or radiocolloid combined 

with a blue dye for the identification of the SLN. Performing SLNB with radiocolloid alone is the tech-

nique of choice for experienced surgeons, since blue dye has multiple disadvantages. SLNB using ICG 

as a fluorescent dye seems a promising technique for the near future.
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Introduction

Breast carcinoma and melanoma are annually diagnosed in 1.38 million and 197,000 people, repre-

senting 10.9% and 1.6% of all cancers in the world, respectively.1 Fortunately, the majority of both 

cancers are initially diagnosed stage I or II.2 

The lymphatic route is a principal way for breast carcinoma and melanoma to metastasize from their 

original focus. Cancer cells progressing via the lymphatic vessels are trapped in the first lymph node 

they encounter, denominated as the Sentinel Lymph Node (SLN).3,4 

Lymph node metastases can either be detected clinically or through the use of a Sentinel Lymph Node 

Biopsy (SLNB). The concept of the SLN was first described in 1960 by Gould et al and is based on 

two basic principles: the existence of an orderly and predictable pattern of lymphatic drainage to a 

regional lymph node basin, and the functioning of a first lymph node as an effective filter for tumor 

cells.5,6 Clinical implementation of the concept was deployed on a broad scale by Cabanas et al in 

penile cancer.7 

Morton et al described a method for SLNB in 1992, using peritumoral intradermal injections of blue 

dye in patients with primary cutaneous melanoma.4 The blue-stained lymphatic vessel was followed 

surgically until it was seen entering a blue-stained lymph node. In 1993, Alex et al added the use of 

a radiotracer, injected intradermally around the primary tumor site, followed by imaging and subse-

quent intraoperative use of a handheld gamma probe to localize and extirpate the SLN.8 In the same 

year, Krag et al described the application of this technique in breast carcinoma patients.9 Albertini et 

al combined both the blue dye and the radioactive tracer in 1996, which is currently the most com-

monly used technique for SLNB in most centers.10 The two most widely accepted clinical applications 

of SLNB are for cutaneous melanoma ≥1mm and T1-2 breast carcinoma.11-13 SLNB is preferred over 

direct lymph node dissection (LND) because the risk of morbidity is lower.14,15 Moreover, SLNB allows 

the pathologist to study the few removed SLNs in greater detail for tumor burden compared with 

examination of the large number of lymph nodes removed by LND.16 

Despite its wide global use, the SLNB procedure has not been standardized internationally due to 

variation in the method and material used between surgeons and institutions. Although a combination 

of blue dye and a radiotracer is considered standard-of-care, a significant number of surgeons work 

with blue dye or a radiotracer alone. In addition, the fluorescent optical contrast agent indocyanine 

green (ICG) was recently introduced in the clinic as an alternative agent for SLNB guidance.17 

In the present study, a systematic review was performed on peer-reviewed scientific articles to evalu-

ate different SLNB techniques and their corresponding identification- and false-negative rates in breast 

carcinoma and melanoma. In addition, we aimed to identify technical aspects influencing the outcome 

of the SLNB procedure.  
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Methods

Literature search, inclusion and exclusion criteria

A comprehensive, systematic review was conducted in October 2012 of the medical literature pub-

lished after 1992. Details of the methods of the search and inclusion/exclusion criteria are specified 

in Supplementary file 1. 

Study quality assessment

Authors MGN and RGP performed the quality assessment of selected articles. Study quality was evalu-

ated using the “QUADAS” (Quality Assessment of Diagnostic Accuracy Studies) tool to extract relevant 

study design characteristics.18 The core QUADAS items used in this review are outlined in Supplemen-

tary file 2. In brief, QUADAS items included: availability of representative spectrum of patients, clear 

description of selection criteria, adequate reference standard, execution of index and reference test 

described in sufficient detail, independent interpretation of index test, availability of relevant clinical 

data, reporting of uninterpretable results, adequate explanation of study withdrawals, availability of 

adequate reference standard for verification purposes, adequate follow-up, and reporting of false 

negatives. Each item was scored as ‘yes’, ‘no’, or ‘unclear’. 

Statistical analyses

Univariate and multivariable logistic regression analyses were performed to identify factors associ-

ated with SLN identification and false-negative rates for the different SLNB techniques. Analyses 

were stratified to technique and performed separately for breast carcinoma and melanoma. Factors 

included in this analysis were: type of study (prospective or retrospective), study period (1992-2000, 

2001-2006, or 2007-2012), age (in years), definition of SLN (radioactivity higher than background or 

10% rule), tumor size (in mm), number of SLNs removed, quality of the study (QUADAS score), type 

of dye (patent blue, isosulfan blue, lymphozuran blue, methylene blue, a combination of blue dyes, 

ICG, or unknown) or radiocolloid (99mTc-sulfer colloid, 99mTc-tin colloid, 99mTc-phytate, 99mTc-human 

serum albumin, 99mTc-dextran 500, or 99mTc-tilmanocept), concentration of dye or radiocolloid (in mg/

ml or in Mbq), injected volume of dye or radiocolloid (in ml), injection site (peritumoral, parenchymal, 

subareolar, intradermal, subdermal, combination, or unknown), timing of injection (<15 minutes, 15 

minutes-1 hour, 1-10 hours, >10 hours), and massage after injection of dye or radiocolloid. 

The false negative rate (FNR) was defined as the probability of a negative SLN when the patient has 

positive lymph nodes in the LND or in the follow-up period of the study. 

Calculations were performed using the statistical packages SPSS (IBM SPSS Statistics for Windows, 

Version 21.0. Armonk, NY:). P-values <0.05 were considered statistically significant.

Meta-analysis

Identification rate (IR) and FNR were extracted from the studies and pooled (on a study level) ac-
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cording to SLNB technique, breast carcinoma or melanoma, and period (1992-2000, 2001-2006 and 

2007-2012).  Summary identification- and false-negative rates and the corresponding 95% Confidence 

Interval (CI) were calculated using STATA/SE version 12.0 (StataCorp, College Station, Texas, USA) using 

the metan command. Pooled values were calculated, using either a random-effects or a fixed-effects 

model, depending on the number of included studies and the amount of heterogeneity observed.

Results

Literature search

Our comprehensive literature search resulted in 335 studies that were selected for further analysis, 

dating from January 1992 to October 2012. Of these studies, 198 comprised SLNB in breast carcinoma 

and 137 in melanoma. After thorough review, 154 studies (88 breast carcinoma and 66 melanoma) 

met our inclusion criteria (Tables 1-3). A total of 108 out of 154 studies reported on the IR of SLNB 

using blue dye only, 111 on using radiocolloid only, and 118 on using the combination of blue dye and 

radiocolloid. Nineteen studies analyzed the IR of SLNB using ICG solely and 12 studies analyzed ICG in 

combination with radiocolloid. When data from all included articles is aggregated, a total of 44,172 pa-

tients underwent SLNB with a median of 103 patients (range: 4-5,611) per study. In the studies where 

the number of SLNs identified was reported, blue dye identified 12,623 SLNs in 6,052 patients with a 

mean of 2.09 SLNs per patient, radiocolloid identified 1,6175 SLNs in 7,455 patients with a mean of 

2.17 SLNs per patient, blue dye and radiocolloid both identified 37,680 SLNs in 19,917 patients with a 

mean of 1.89 SLNs per patient. The SLN was positive in 14.6% in SLNs detected with blue dye, 11.5% 

detected with radiocolloid, and 23.9% detected with both blue dye and radiocolloid. ICG identified 

2,697 SLNs in 947 patients with a mean of 2.85 SLNs per patient. Combined with radiocolloid, ICG 

identified 353 SLNs in 194 patients with a mean of 2.87 SLNs per patient. Table 1 and Table 2 provide 

an overview of the number of patients per study, the mean SLN, IR, FNR and the duration of follow-up 

for all breast carcinoma and melanoma studies, respectively. In Table 3, an overview is shown for SLNB 

using ICG alone or combined with radiocolloid.

Identification rate and false negative rate

IR and FNR for SLNB using solely blue dye, solely radiocolloid, and these two combined are presented 

in Table 1 and Table 2, for breast cancer and melanoma patients, respectively. IR and FNR for SLNB for 

SLNB using ICG, either solely or combined with radiocolloid and/or blue dye, are presented in Table 3. 

The pooled IR and FNR for all techniques are presented in Tables 4 and 5, pooled per tumor type for 

the time periods 1992-2000, 2001-2006, and 2007-2012.

Multivariate analysis

In breast carcinoma, multivariate factors significantly associated with SLN IR were the following: 

when solely blue dye was used in SLNB (median: 0.87), massage of the breast following injection of 
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blue dye (vs. no massage; OR 3.5, range: 1.2-10.6, P=0.02) was identified as an independent factor 

to increase SLN detection. When solely radiocolloid was used (median: 0.96), a prospective study 

design (vs. retrospective; OR 6.9, range: 1.3-38.4, P=0.03) was associated with a higher SLN detection 

rate. When radiocolloid and blue dye were combined (median: 0.97), SLN detection rate was found 

to increase with ascending year of publication since the time period of 1992-2000 (vs. 2001-2006; OR 

13.0, range: 1.4-119.1 and 2007-2012; OR 20.0, range: 2.0-203.3, P=0.04). No independent factors 

were identified for SLN detection rate when solely ICG (median: 0.98) or a combination of radiocolloid 

and ICG (median: 0.96) was used.    

In melanoma, multivariate factors significantly associated with SLN IR were the following: when solely 

ICG was used, the volume of injection (in ml) was associated with SLN IR (OR 9.5, range: 1.1-71.0, 

P=0.03). When radiocolloid and blue dye were combined, the volume of injection of blue dye was 

identified as an independent factor (OR 19.7, range: 1.3-289.1, P=0.04). No significant factors were 

identified for the use of solely blue dye, radiocolloid, and radiocolloid combined with ICG.

In addition to SLN IRs, logistic regression was performed to identify factors associated with FNRs. 

Again, analyses were stratified to technique and performed separately for breast carcinoma and mela-

noma. In both breast carcinoma and melanoma, no univariate or multivariate significant predictive 

factors were identified for any of the techniques. 

Discussion

SLNB is a widely accepted prognostic procedure in breast carcinoma and melanoma patients. Although 

a survival benefit compared to watchful waiting with ultrasound is yet to be shown, the status of the 

SLN is the most important predictor of prognosis and tumor recurrence for early breast carcinoma 

and melanoma.19-21 In contrast to the worldwide acceptation of the procedure, controversies remain 

regarding the technical aspects of the procedure. The current study represents a systematic review of 

the published literature on SLNB in breast carcinoma and melanoma patients to evaluate the different 

SLNB techniques and judge them on their merits.

Identification rates of SLNB using blue dye and radiocolloid

The present study showed that pooled SLN IRs in breast carcinoma/melanoma patients are high for 

SLNB using solely blue dye (85/84%), solely radiocolloid (94/99%), and blue dye and radiocolloid 

combined (95/98%) and that FNRs are low (3.2/6.1%, 2.2/3.4%, 1.5/2.6%, respectively). In addition, 

IRs for all studied techniques steadily increased over time. For SLNB using solely radiocolloid, the IR of 

SLNB in breast carcinoma/melanoma patients has increased from 88/100% in 1992-2000 to 97/100% 

in 2007-2012. In the latter period, IR was similar compared to SLNB using a combination of radiocolloid 

with blue dye (97/99%). The increase in IR during the last 18 years is likely due to the increase in 

gained experience by the surgeons performing SLNB. Several studies have already reported that with 

the increase of gained experience by the surgeons, the IR of SLNB with solely radiocolloid also steadily 
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increased with a decline in the marginal benefit offered by using blue dye.22,23 

In addition, there are some disadvantages of the use of blue dye. First, the use of blue dye as a guide in 

SLNB may lead to increasing tissue damage when tracing blue-stained lymphatics to the SLN compared 

to the use of a gamma probe to guide the path of dissection.24 Second, allergic reactions to blue 

dye are seen in 0.14-3% of the patients, including urticaria, skin rash, erythema, blue hives, cardio-

vascular collapse, and anaphylactic shock.25-31 Other side effects are temporary skin tattooing, blue 

discoloration of the operative field following peritumoral injection, blue-colored urine for up to 24 hr 

following administration, and a factitious drop in intraoperative oxygen saturation measured by pulse 

oximetry.24 Furthermore, pregnancy is a relative contraindication due to the unknown teratogenicity 

and long-term toxicity to the fetus. 

However, this should not preclude the use of blue dye by those surgeons who have mastered the 

technique of blue dye and have produced reliable, high IRs and low FNRs. SLN mapping with a radio-

tracer is expensive and availability is limited to large hospitals, therefore it is not available in most 

developing countries.32 Hence, SLN mapping using blue dye solely should be encouraged in hospitals 

where radiotracers are not available, since the IR for using solely blue dye is acceptable. 

Nevertheless, in the current study, the SLN IR using solely blue dye was found to be 8% lower com-

pared to using solely radiocolloid and radiocolloid combined with blue dye. Furthermore, the results 

of the current study indicate that, in the present era, the addition of blue dye to radiotracers does not 

increase the SLN IR. Taken together with the disadvantages of blue dye, we advise surgeons, working 

in hospitals where radiotracers are available and experienced with the radiocolloid SLNB technique, to 

perform SLNB using solely radiocolloid.

False negative rate

The pooled FNR for all techniques in all articles was at its peak in the last period (2007-2012), while 

the IR of SLNB has increased over time. This apparent contradiction might be due to the fact that only 

few surgeons were experienced with the SLNB procedure shortly after its introduction. When the pro-

cedure got widely accepted, less experienced surgeons had to perform SLNB, leading to an increased 

FNR. It is expected that the FNR will decline when surgeons are more familiar with the SLNB technique.

Type of dye

Apart from the debate on whether SLNB should be performed with blue dye, radiocolloid or a com-

bination of the two, there are also controversies on the type of dye or radiocolloid. For both breast 

carcinoma and melanoma studies included in this review, we analyzed different types of blue dye 

(Patent blue, Isosulfan blue, Lymphozuran blue, or Methylene blue) or radiocolloid (99mTc-sulfer colloid, 
99mTc-human serum albumin, 99mTc-dextran 500, 99mTc-phytate, and 99mTc-Tilmanocept). In the present 

study, univariate or multivariable analysis did not show an association with either the type of blue dye 

or the type of radiocolloid on IR or FNR. According to these results, the choice of the type of dye/radio-
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colloid should be based on the surgeon’s preference or on the type of dye with the least side effects.

Injection site

Another issue in lymphatic mapping concerns the optimal injection site for dye/radiocolloid in patients 

with breast carcinoma. Whereas a consensus exists on injection sites for SLNB in melanoma patients 

(intradermal injection),24 this is currently not the case in breast carcinoma.

In the studies included in this review, blue dye and radiocolloid were injected intradermally (18 and 19 

studies), subdermally (4 and 4 studies), intraparenchymally (8 and 3 studies), and subareolarly (12 and 

12 studies). The present study showed no difference in IR for different injection sites. The choice on 

injection site can therefore be based on the surgeon’s preference, taking previously reported practi-

cal advantages of the different injection sites into consideration.33-36 The injection of blue dye and 

radiocolloid in breast carcinoma is presented in Figure 1.

Injection volume and massage

In breast carcinoma, a larger volume of injected blue dye was associated with a higher SLN IR, although 

this was only the case when blue dye was combined with radiocolloid. It is unclear why the volume of 

injected dye is only associated with a higher IR when using the combined technique. When SLNB was 

performed using solely blue dye, massage of the breast after dye injection was associated with higher 

IRs. Postinjection massage increases the flow of lymph fluid, significantly increasing the entry of blue 

dye and radiocolloid into the lymphatic capillaries.24

Lymphoscintigraphy

Lymphoscintigraphy was not used in 4 of 126 studies (3.2%, all breast carcinoma patients) that used 

radiocolloid solely or in combination with blue.37-40 In these studies, only a hand-held gamma probe was 

used before incision to identify hot spots representing the location of the SLNs. Preoperative lymphos-

cintigraphy is important for providing a road map to guide the surgeon in identifying the regional nodal 

basin and estimating the location of SLNs.41 It is used to identify the lymph drainage basin, determine the 

number of SLNs, differentiate SLNs from subsequent nodes, locate the SLN in an unexpected location, 

and mark the SLN over the skin for biopsy. Moreover, single-photon emission computed tomography/

computed tomography (SPECT/CT) has shown important benefits, as a complementary modality for 

planar lymphoscintigraphy, in sentinel lymph node mapping.42 This type of image fusion provides better 

anatomical benchmarks, provides schematic information about the sentinel node site, and (perhaps 

most importantly) is easy to understand for surgeons, medical staff, and patients.43 Lymphoscintigraphy 

and SPECT/CT images of a melanoma patient are presented in Figure 2.

Definition of sentinel lymph node

Despite ongoing discussions, there is no consensus on the clinical definition of a SLN.24 
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For this reason, a fair number of studies that used unconventional definitions were excluded from 

our study.10,46-53  In the present review only studies were included that defined a hot node as ‘nodes 

hotter than the background’ or as ‘nodes with more than 10% of the hottest node’s radioactivity’ 

(Supplementary File 1). The use of either the first or the latter definition did not influence IRs or FNRs 

for SLNB in both breast carcinoma and melanoma patients, suggesting that less lymph nodes were 

removed when using the 10% rule while the IR and FNR remained similar.

Near-infrared fluorescence imaging with indocyanine green

As an alternative to the conventional SLNB procedure, SLNB using the fluorescent dye ICG was recently 

introduced in the clinic.17 ICG has been used for the last three decades in patients for the study of 

organ perfusion and ophthalmology and has a safe and well–known pharmacological profile. When 

excited at the appropriate wavelength, ICG emits photons in the near-infrared fluorescence (NIRF) 

range of around 800 nm. 

Because near-infrared light is invisible to the human eye, a special optical imaging system is needed 

to visualize the near-infrared signal in the surgical field. Already, several studies have reported on a 

prototype NIRF optical imaging system, with which the SLN can be detected non-invasively with high 

accuracy and sensitivity following subcutaneous injection with ICG.17,32,44-46 After injection, ICG flows 

along with the lymph fluid and accumulates in the SLNs within minutes, enabling rapid detection and 

visualization of SLNs as fluorescent hot spots (Figure 3). No adverse reactions were reported in any of 

the conducted trials. 

NIRF optical imaging enhanced with ICG offers some considerable advantages to the current SLN 

procedure: the technique offers a high resolution, is relatively cheap, makes use of non-ionizing radia-

tion and offers high sensitivity and specificity rates.47 The most important limitation of fluorescence 

imaging is the limited penetration depth of optical signals due to the absorption and scattering of 

photons when propagating through tissue.48 The use of fluorescent dyes in the near-infrared spectral 

range, e.g. ICG, reduces absorption and scattering of photons true tissue, thereby increasing tissue 

penetration of the optical signal up to several centimetres. Furthermore, tissue autofluorescence in 

the near-infrared range is minimized with an increased signal-to-noise ratio.48 

In the present study, the mean number of identified SLNs per patient when using ICG was considerably 

higher (ICG: 2.85 SLNs, ICG+radiocolloid: 2.87 SLNs) compared to solely blue dye (2.09 SLNs), solely 

radiocolloid (2.17 SLNs) or a combination of the two (1.89 SLNs). This difference might be explained 

by the small molecular size of ICG, facilitating rapid diffusion throughout the lymphatic system. In-

deed, IRs up to 100% are described only 5 to 15 minutes following peritumoral injection when using 

solely ICG. A potential drawback of this rapid spread is that lymph nodes are excised that are not 

truly sentinel nodes (i.e. no first-draining lymph nodes), leading to overtreatment and accompanying 

co-morbidity. To solve this problem, the molecular size of ICG can be increased by linking it to human 

serum albumin, creating a noncovalent bond.32 In addition to reducing the spread of ICG, the binding 
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to human serum albumin also increases the brightness of the fluorescent signal as it reduces quench-

ing of the fluorescent molecules (i.e. reduction of fluorescent signal due to photons being absorbed 

by nearby fluorescent molecules).

Conclusion

The current meta-analysis provided data that favor the use of radiocolloid solely or radiocolloid com-

bined with a blue dye for the identification of the SLN. Performing SLNB with radiocolloid solely is the 

technique of choice for experienced surgeons, since blue dye has multiple disadvantages. Moreover, 

NIRF imaging with ICG as a fluorescent dye seems a promising technique, although hurdles like the 

limited penetration depth of optical signals still reduces general applicability of the technique. 

Table 1. Identification rates reported in studies for sentinel lymph node biopsy using blue dye, radiocolloid or a 

combination of these two in breast carcinoma patients.

Study Year of 

publication

Technique No of 

patients

Mean 

SLN

Identification 

rate (%)

False negative 

rate (%)

Follow up in mean 

(*) or median (^) 

months

Giuliano49 1997 Blue 107 93·5% 0·0%

Barnwell50 1998 Combi 42 1·0 90·0% 0·0%

Crossin51 1998 Radio 50 2·0 84·0% 2·4%

Flett52 1998 Blue 68 82·4% 5·4%

Kapteijn53 1998 Blue 30 1·4 86·7%

Krag3 1998 Radio 443 2·6 93·2% 11·0%

Ratanawichitrasin54 1998 Blue 40 1·6 87·5%

Snider55 1998 Radio 80 2·2 87·5% 7·0%

Jaderborg56 1999 Combi 79 1·5 81·0% 5·0%

Kollias57 1999 Blue 19 94·7%

Radio 51 68·6%

Combi 47 89·0% 6·5%

Moffat Jr.58 1999 Radio 70 2·1 98·6%

Morgan59 1999 Blue 44 72·7% 16·7%

Morrow39 1999 Blue 50 88·0%

Combi 42 86·0%

Veronesi60 1999 Radio 376 98·7% 6·7%

Combi 54 68·5%

Winchester61 1999 Radio 180 3·1 90·0% 2·2%

Canavese62 2000 Blue 55 65·5% 23·0%

Combi 48 94·0% 12·5%
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Cox63 2000 Bluea 1147 2·1 80·3%

Radioa 1147 2·1 88·6%

Combi 1147 2·1 96·0% 1·0%

Doting64 2000 Combi 136 1·7 93·0% 5·1%

Fraile65 2000 Radio 132 2·0 96·2% 4·0%

Lauridsen38 2000 Bluea 80 90·0%

Radioa 80 92·5%

Combi 80 2·0 98·0% 0·0%

Liu66 2000 Combi 41 1·5 93·0%

Rodier67 2000 Blue 74 82·4% 8·0%

Tsugawa68 2000 Bluea 48 75·0%

Radioa 48 66·6%

Combi 48 90·0% 4·7%

Derossis22 2001 Bluea 2000 82·9%

Radioa 2000 90·1%

Combi 2000 97·0%

Feggi69 2001 Radio 73 1·0 100·0%

Mateos70 2001 Bluea 65 72·3% 16·7% 20^

Radioa 80 1·2 91·2% 17·0%

Combi 80 91·0%

Sato71 2001 Radio 75 1·9 98·7%

Simmons72 2001 Blue 30 1·8 90·0%

Tafra73 2001 Combi 535 1·6 87·0% 5·2%

Tanis74 2001 Combi 60 2·2 97·0% 8^

Xavier75 2001 Blue 6 100·0%

Combi 50 100·0% 2·0%

Watanabe76 2001 Radio 87 2·0 100·0%

Feezor77 2002 Radio 118 1·8 98·3%

Kern78 2002 Combi 187 2·4 98·0% 0·0%

Jastrzebski79 2002 Combi 123 88·0%

Shimazu80 2002 Bluea 62 1·5 79·9%

Radioa 93 92·5%

Combi 93 2·0 96·0% 5·6%

Nos81 2003 Blue 324 2·1 85·5% 11·1%

Reitsamer82 2003 Combi 157 2·0 99·0%

Simmons83 2003 Bluea 112 92·9% 84*

Radioa 112 89·3%
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Combi 112 96·0%

Eldrageely84 2004 Bluea 164 90·2%

Radioa 164 94·5%

Combi 164 1·5 98·0%

Gray85 2004 Combi 546 1·3 99·0%

Lin33 2004 Blue 150 82·7%

Radio 94 96·8%

Combi 76 97·0%

King27 2004 Bluea 1719 84·3%

Radioa 1719 97·3%

Combi 1719 99·0%

Nour86 2004 Blue 54 83·3% 0·0%

Radovanovic87 2004 Blue 50 1·7 68·0% 18·0%

Combi 150 83·0% 4·5%

Wessem, van88 2004 Bluea 132 84·1% 32*

Radioa 132 95·5%

Combi 132 1·4 97·0% 6·0%

Hung89 2005 Blue 57 1·8 86·0% 5·0%

Combi 61 2·1 100·0% 0·0%

Syme90 2005 Blue 93 1·3 95·7% 20·8%

Combi 257 1·8 89·0% 2·8%

Teal91 2005 Bluea 99 2·2 81·8%

Radioa 99 2·2 98·0%

Combi 99 2·2 99·0%

Argon25 2006 Bluea 100 1·4 88·0%

Radioa 100 1·8 96·0%

Combi 100 1·6 98·0%

Golshan92 2006 Blue 141 2·0 96·5%

Lo93 2006 Radio 175 1·1 94·3% 2·5%

Combi 758 2·0 89·0% 5·8%

Povoski94 2006 Radio 400 95·0%

Combi 267 97·0%

Takei95 2006 Bluea 308 1·7 96·8% 33^

Radioa 308 1·4 95·8%

Combi 308 1·9 99·0%

Zaman96 2006 Combi 32 97·0% 0·0%

Kargozaran97 2007 Bluea 124 1·6 92·7% 23^

Radioa 124 1·7 97·6%
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Combi 124 98·0%

Krag37 2007 Combi 5536 1·3 97·0%

Nathanson98 2007 Bluea 600 89·3%

Combi 600 96·0%

Rodier36 2007 Bluea 449 94·7% 48^

Radioa 449 97·1%

Combi 449 1·8 99·0%

Varghese99 2007 Blue 173 1·5 96·5% 3·7%

Combi 156 2·5 99·0% 2·5%

Yen100 2007 Radio 213 3·5 97·2% 4·4%

Bines26 2008 Radio 208 2·0 93·8%

Combi 167 1·9 96·0%

Mudun101 2008 Radio 228 97·4% 3·1%

Thompson40 2008 Combi 236 1·6 96·0%

Zakaria102 2008 Bluea 401 88·0%

Combi 401 100·0%

Climaco103 2009 Combi 46 76·0%

Koukouraki104 2009 Bluea 250 94·4%

Combi 250 100·0%

Mathelin105 2009 Bluea 100 2·7 65·0% 28*

Radioa 100 2·7 94·0%

Combi 100 2·7 99·0%

Hayashida106 2010 Bluea 640 2·4 79·7%

Radioa 640 2·4 94·7%

Combi 640 2·4 98·0%

Kang23 2010 Radio 1353 2·9 98·4%

Combi 2049 2·7 98·0%

Krikanova107 2010 Blue 332 94·6%

Narui108 2010 Blue 234 3·4 99·6% 54^

Straver109 2010 Bluea 1953 88·3%

Radioa 1953 95·8%

Combi 1953 97·0%

Yararbas110 2010 Radio 200 98·0%

Iida111 2011 Combi 258 99·0% 7·7%

Mieog112 2011 Bluea 30 1·5 83·3%

Radioa 30 1·5 100·0%
aBlue dye and radiocolloid were used in the same procedure. SLN identification rates were recorded separately. BC: 

Breast Carcinoma. SLN: Sentinel lymph node
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Table 2. Identification rates reported in studies for sentinel lymph node biopsy using blue dye, radiocolloid or a 

combination of these two in melanoma patients.

Study Year of 

publication

Technique no patients mean SLN Identification 

rate (%)

False negative 

rate (%)

Follow up in mean 

(*) or median (^) 

months

Thompson113 1995 Combi 118 87·0% 5·2%

Albertini114 1996 Bluea 106 69·5%

Combi 106 1·9 96·0% 0·0% 60*

Thompson115 1997 Bluea 21 83·0%

Radioa 21 87·2%

Combi 21 2·2 91·3%

Wells116 1997 Bluea 58 2·3 67·0%

Combi 36 95·0% 0·0% 12^

Bartolomei117 1998 Bluea 25 72·0%

Radioa 25 100·0%

Combi 25 1·5 100·0% 0·0% 11*

Bedrosian118 1999 Blue 23 74·0%

Combi 80 1·8 94·7%

Bostick119 1999 Bluea 87 95·1%

Radioa 87 92·3%

Combi 87 1·6 97·6% 0·0% 16*

Gennari120 1999 Combi 133 1·6 99·0% 3·8% 19^

Gershenwald121 1999 Combi 612 1·7 95·0% 40^

Morton122 1999 Blue 453 94·9%

Combi 727 98·3% 3·7%

Jansen123 2000 Combi 200 2·2 99·5% 3·9%

Jansen124 2000 Combi 30 2·3 90·0% 9·1% 23*

Landi125 2000 Blue 25 1·5 88·0%

Combi 425 1·6 99·5% 1·2% 18^

Oliveira Filho126 2000 Bluea 64 76·0%

Radioa 64 97·0%

Combi 64 1·4 100·0% 1·9% 11^

Temple127 2000 Combi 56 2·2 98·0% 4·5% 12^

Tremblay128 2000 Radio 36 2·0 97·2% 0·0% 14^

Villa129 2000 Bluea 88 1·9 94·3%

Radioa 49 98·0%
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Combi 49 98·0%

McMasters130 2001 Bluea 1184 69·0%

Combi 1184 2·4 99·7% 2·0%

Medina-

Franco131 2001 Bluea 38 68·4%

Radioa 38 89·5%

Combi 38 97·0% 2·9% 15*

Neubauer132 2001 Radio 41 1·3 95·1%

Rasgon133 2001 Bluea 24 66·7%

Radioa 24 3·0 91·7%

Combi 24 92·0% 10·5% 18*

Tavares134 2001 Radioa 19 95·0%

Combi 19 1·7 95·0% 0·0%

Eicher135 2002 Bluea 43 27·9%

Radioa 43 90·7%

Combi 43 3·6 98·0% 0·0%

Ferrone136 2002 Combi 126 2·0 100·0% 25*

Patel137 2002 Bluea 48 73·0%

Radioa 56 2·4 93·0%

Combi 48 96·0% 1·9% 20^

Chao138 2003 Bluea 254 2·1 59·1%

Radioa 321 2·8 97·0% 2·2% 16^

Estourgie139 2003 Combi 250 2·3 100·0% 3·2% 72^

Schmalbach140 2003 Blue 80 2·2 96·0% 4·5% 25^

Vidal-Sicart141 2003 Bluea 315 70·1%

Radioa 435 1·8 98·8% 1·9% 26*

Weiss142 2003 Bluea 30 67·0%

Radioa 30 100·0%

Combi 30 1·9 100·0%

Alex143 2004 Bluea 16 81·3%

Radioa 43 97·6% 2·6% 82*

Combi 16 100·0%

Chakera144 2004 Radioa 241 2·6 98·0%

Combi 194 1·7 100·0% 1·1% 15^

Gipponi145 2004 Blue 39 1·4 89·7%

Combi 126 1·9 100·0% 4·4% 17^

Rossi146 2004 Combi 1313 2·0 99·3% 3·5% 31^
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Topping30 2004 Combi 347 2·1 99·0% 1·7% 60^

Shpitzer147 2004 Blue 8 1·7 88·0%

Combi 22 2·0 96·0% 3·8% 31^

Carlson148 2005 Radioa 132 2·1 96·9% 6·4% 35*

MacNeill149 2005 Combi 44 93·0% 0·0% 22*

Doting150 2006 Bluea 36 63·9%

Radioa 36 91·7%

Combi 36 2·7 92·0% 6·9% 54^

Gad151 2006 Combi 278 2·2 98·0% 2·5% 31^

Lin152 2006 Combi 114 4·0 97·0% 4·0% 84*

Oliveira Filho153 2006 Blue 47 1·5 100·0%

Radio 47 1·6 100·0%

Combi 94 1·6 100·0% 2·7% 20^

Cecchi154 2007 Combi 30 1·3 100·0% 21·1% 27*

Kilpatrick155 2007 Bluea 316 88·4%

Radioa 316 97·4%

Combi 316 2·8 97·8% 4·7% 19*

Koskivuo156 2007 Combi 305 2·4 97·0% 2·0% 21*

Teltzrow157 2007 Radio 106 2·3 89·0% 9·0% 47*

Gomez-

Rivera158 2008 Combi 111 3·2 100·0% 5·6% 34^

Liu159 2008 Bluea 159 60·2%

Combi 159 100·0%

Mattsson160 2008 Combi 422 2·1 97·0% 4·2% 12^

Roulin28 2008 Combi 327 2·0 99·1% 2·8% 34*

Kelly161 2009 Combi 40 68·0% 9·5% 40^

Kovacevic162 2009 Bluea 40 95·0%

Radioa 40 100·0%

Combi 40 1·9 100·0% 16·7% 18*

Koskivuo163 2011 Combi 423 96·0% 2·5% 36^

Leong164 2011 Radioa 47 2·3 98·9%

Liu165 2011 Combi 571 3·4 100·0%

Neves166 2011 Bluea 93 1·8 47·0%

Noro167 2011 Blue 47 83·0%

Combi 74 95·9%

Rughani29 2011 Combi 697 1·9 99·7% 3·0% 46^
aBlue dye and radiocolloid were used in the same procedure. SLN identification rates were recorded separately. 

SLN: Sentinel lymph node
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Table 3. Identification rates reported in studies combining radiocolloid, vital blue dye, and/or indocyanine green 

in breast carcinoma and melanoma patients.

Study Tumor type Year of 

publication

Technique no 

patients

mean 

SLN

Identification 

rate (%)

False 

negative 

rate (%)

Follow up in 

mean (*) or 

median(^) 

months

Motomura168 Breast carcinoma 1999 Green 150 1·7 76·7% 1·1%

Motomura169 Breast carcinoma 2001 Green 93 1·8 83·9% 1·9%

G+R 138 94·9% 0%

Kitai17 Breast carcinoma 2005 Green 18 2·8 94·4%

Tagaya170 Breast carcinoma 2008 Greena 25 5·4 100% 6*

Bluea 25 2·3 92·0%

Murawa171 Breast carcinoma 2009 G+R 30 96·7% 0·1%

Tanaka172 Melanoma 2009 Radioa 4 100·0%

Greena 4 100·0%

G+R 4 100·0%

Hirche173 Breast carcinoma 2010 Green 43 2 97·7% 6·6%

Abe174 Breast carcinoma 2011 Greena 128 3·1 100%

Bluea 128 65·6%

Aoyama175 Breast carcinoma 2011 Green 312 3·4 100% 1·7% 49^

Tagaya176 Breast carcinoma 2011 Green 50 3·7 100% 6*

Fujisawa177 Melanoma 2011 Bluea 6 2 100·0%

Radioa 5 1·8 100·0%

Greena 6 2·2 100·0%

G+R+B 6 2·2 100·0%

Namikawa178 Melanoma 2011 Bluea 49 2 85·7% 5·6%

Radioa 49 2·5 95·9% 5·6%

Greena 49 4 61·2% 3·89%

G+R+B 49 4 100·0% 0% 20^

Hirche179 Breast carcinoma 2012 Green 47 2 97·9% 5·3%

Polom180 Breast carcinoma 2012 G+R 49 2·3 95·9%

Brouwer181 Melanoma 2012 Bluea 7 1·3 71·4%

Fujisawa182 Melanoma 2012 Bluea 15 1·7 93·0%

Radioa 15 1·7 100·0%

Greena 15 2 100·0%
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G+R+B 15 2 100·0%

Polom183 Melanoma 2012 Radioa 10 100·0%

Greena 10 100·0%

G+R 10 2·3 100·0%

Stoffels184 Melanoma 2012 Radioa 22 100·0%

Greena 22 100·0%

G+R 22 2·8 100·0% 0% 1·3*

Uhara185 Melanoma 2012 Bluea 562 92·3%

Radioa 562 96·4%

Greena 67 100·0%

G+R+Bb 562 97·9%
aBlue dye, radiocolloid, and/or indocyanine green were used in the same procedure. SLN identification rates were 

recorded separately.  bIndocyanine green was used in 67 out of 562 patients.

G+R+B: SLNB using green dye + radiocolloid + blue dye. SLN: Sentinel lymph node.
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Table 4. Pooled identification rate for sentinel lymph node biopsy for all studies, breast carcinoma studies, and 

melanoma studies per technique.

All Breast carcinoma Melanoma

Technique Period Pooled value 95%CI Pooled value 95%CI Pooled value 95%CI

Blue dye alone Whole period 84% 83-86% 85% 83-88% 84% 83-84%

1992-2000 84% 81-87% 81% 76-86% 91% 91-92%

2001-2006 81% 78-84% 86% 82-91% 72% 61-84%

2007-2012 88% 85-91% 87% 84-91% 89% 82-96%

Radio colloid alone Whole period 95% 95-96% 94% 93-95% 99% 99-99%

1992-2000 92% 90-93% 88% 84-91% 100% 100-100%

2001-2006 95% 94-97% 96% 94-97% 97% 96-97%

2007-2012 98% 97-98% 97% 96-98% 100% 99-100%

Combination radio 

colloid and blue dye

Whole period 96% 96-97% 95% 94-95% 98% 98-98%

1992-2000 95% 94-95% 91% 88-94% 97% 97-98%

2001-2006 97% 96-97% 96% 95-96% 99% 98-99%

2007-2012 98% 97-98% 97% 96-98% 99% 98-99%

ICG Whole period 99% 98-99% 95% 95-96% 100% 100-100%

1992-2000 77%* 76-77% 77%* 76-77% No studies

2001-2006 89% 79-99% 89% 79-99% No studies

2007-2012 100% 100-100% 100% 100-100% 100% 100-100%

Combination radio 

colloid and ICG

Whole period 99% 99-100% 96% 95-97% 100% 100-100%

1992-2000 No studies No studies No studies

2001-2006 95%* 95-95% 95% 95-95% No studies

 2007-2012 100% 100-100% 96% 96-97 100% 100-100%

*Derived from only one study. ICG: Indocyanine green.
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Table 5. Pooled false negative rate for sentinel lymph node biopsy in all studies, breast carcinoma studies, and 

melanoma studies per technique.

All Breast carcinoma Melanoma

Technique Period Pooled value 95%CI Pooled value 95%CI Pooled value 95%CI

Blue dye alone Whole period 3·4% 3·0-3·8% 3·2% 2·8-3·6% 6·1%* 5·2-7·1%

1992-2000 3·4% 1·1-5·8% 3·4% 1·1-5·8% No studies

2001-2006 3·5% 1·7-5·3% 3·5% 1·7-5·3% No studies

2007-2012 4·5% 1·3-7·6% 2·9%* 2·7-3·1% 6·1%* 5·2-7·1%

Radio colloid alone Whole period 2·6% 1·9-3·3% 2·2% 1·8-2·6% 3·4% 2·6-4·2%

1992-2000 1·6% 0·7-2·4% 2·0% 1·3-2·7% 0·5% 0-1·3%

2001-2006 2·7% 0·7-4·7% 2·7% 0·7-4·7% No studies

2007-2012 4·5% 3·0-6·0% 2·3% 1·5-3·0% 6·9% 5·5-8·3%

Combination radio 

colloid and blue dye

Whole period 2·1% 1·9-2·3% 1·5% 1·3-1·7% 2·6% 2·3-2·9%

1992-2000 1·9% 1·7-2·1% 1·9% 1·5-2·2% 1·9% 1·6-2·3%

2001-2006 1·9% 1·5-2·3% 1·1% 0·7-1·6% 2·5% 1·9-3·1%

2007-2012 3·7% 2·8-4·5% 1·7% 0-3·4% 3·4% 3·0-3·8%

ICG Whole period 4·4% 3·3-5·4% 2·8% 2·3-3·3% 14·3%* 12·9-15·7%

1992-2000 2·7%* 2·5-2·9% 2·7%* 2·5-2·9% No studies

2001-2006 4·3%* 3·9-4·7% 4·3%* 3·9-4·7% No studies

2007-2012 5·2% 2·6-7·8% 2·5% 2·3-2·7% 14·3%* 12·9-15·7%

Combination radio 

colloid and ICG

Whole period 0·1% 0·1-0·1% 0·1% 0·1-0·1% 0% 0-0

1992-2000 No studies No studies No studies

2001-2006 0% 0-0% 0% 0-0% No studies

 2007-2012 0·1% 0·1-0·1% 3·3% 0-9·8% 0% 0-0

*Derived from only one study. ICG: Indocyanine green.
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Figure 1

Schematic overview of the sentinel lymph node procedure in a breast cancer patient. Before surgery, the patient 

is injected peritumorally with a radiocolloid (A) and/or vital blue dye (B). Both substances flow along with the 

lymphatic fluid and accumulate in the sentinel lymph node. During surgery, the surgeon localizes the sentinel 

lymph node by visual inspection (blue dye) and a gamma probe (radiocolloid). After excision, the sentinel lymph 

node is evaluated for the presence of metastasis (M) by a pathologist. 
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Figure 2. Lymphoscintigraphy (A) and SPECT/CT (B) images of a patient with a primary melanoma on the scalp 

and lymph nodes in the neck.

Figure 3. Intraoperative sentinel lymph node localization using a near-infrared fluorescence (NIRF) imaging device 

in combination with indocyanine green (ICG). The NIRF imaging device is positioned above the patient (A) and 

can be covered in sterile drapes for intraoperative use (not shown). A color image of the surgical field is shown, 

representing the axillary region of a breast cancer patient (B). After peritumoral injection with ICG, the NIRF 

imaging device is applied to visualize the sentinel lymph node (SLN) and corresponding lymphatic vessels (C). By 

adjusting the threshold for the fluorescent signal, the SLNs (indicated by red circles) become clearly visible (D). 

For anatomical positioning of the fluorescent signal, the signal can be superposed on a color image of the surgical 

field as a contrasting pseudo-color (e.g. green; E).   
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Supplementary file 1

Search method and inclusion/exclusion criteria

A computer-aided search was conducted using the following databases: PubMed/Medline; Database 

of Abstracts of Reviews of Effects (DARE) database; Embase; and Cochrane. PubMed was searched 

as the primary source for scientific articles. Search terms included: “breast carcinoma”, “breast 

neoplasm”, or “melanoma”; “sentinel lymph nodes“; “lymphatic mapping”, “lymph node mapping”; 

“radioisotopes”; “radiocolloid”; “technetium”; “Patent blue violet”; “Methylene blue”; “Isosulfan 

blue”; and “Blue dye”.

We augmented our computerized literature search by manually reviewing the reference lists of 

identified studies and relevant reviews. In addition, Google was searched as a complementary source 

for related studies. Two reviewers (MGN/RGP) independently assessed the eligibility of all identified 

studies by checking titles and abstracts. Studies that clearly did not meet the inclusion criteria were 

excluded. Full text articles were retrieved of potentially relevant references. If there was any disagree-

ment between the readers, a consensus was reached by discussion or by consulting a third reviewer 

(GMD/HJH). Data from the articles was retrieved and imported into a data abstraction spreadsheet 

(Microsoft Excel SP3; Microsoft Corp., Redmond, WA) specifically designed for the review.

Criteria for inclusion were: original study group, intraoperative SLN identification in early stage (stage 

I or II) breast carcinoma and or melanoma using radiocolloid tracer, blue dye, ICG, or a combination of 

a radiocolloid tracer with a blue or ICG. Criteria for exclusion were: studies not in the English language; 

studies that were published before 1992; case reports, reviews, and editorials; studies that did not 

describe the SLN identification rate (IR); and articles lacking a clear definition of the SLN. Duplicate ar-

ticles on the same group or follow-up studies with an included subset of previously reported patients 

were also excluded. The final decision regarding inclusion was based on the full article. 

The SLN is generally defined as the initial lymph node that directly drains the lymph fluid from the site 

of the primary lesion.186 Despite a good understanding of the theoretical definition of a SLN, there 

is no consensus on the clinical definition of SLNs detected with a radiotracer.24 The SLN has been 

described as the hottest node, first node visualized on lymphoscintigraphy, and the node with radioac-

tivity greater than twice or thrice the background radioactivity.186,187 Data from the Sunbelt Melanoma 

Trial showed that resection of all blue-stained nodes and all nodes with more than 10% of the hottest 

node’s radioactivity (10% rule) was associated with a low estimated false-negative rate.130,188 In this 

systematic review, articles were included only when SLNs were defined as all blue nodes and all hot 

nodes that had radioactive counts greater than the background or when the 10% rule was applied for 

hot nodes.
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Supplementary file 2

QUADAS quality assessment tool

The following core QUADAS items were assessed in the current review to assess methodological qual-

ity:

1. Was the spectrum of patients representative of the patients who will receive the test in practice? 

• Yes: at least 80% of patients had early stage breast carcinoma or melanoma.

• No: less than 80% of patients had early stage disease.

• Unclear: stage of disease was not clear from the available information; or, in studies which 

included both early and late disease, we could not clearly distinguish between information on 

patients with early disease and those with late disease.

2. Where selection criteria clearly described?

• Yes: all relevant information regarding how participants were selected for inclusion in the study 

has been provided.

• No: selection criteria were not specified.

• Unclear: selection criteria are only partially reported.

3. Is the reference standard likely to correctly classify the target condition? 

• Yes: reference standard is carried out adequately to correctly classify the target condition.

• No: reference standard has not been carried out adequately to correctly classify the target condi-

tion.

• Unclear: there is insufficient information given to assess whether reference standard had been 

carried out adequately (e.g. no mention of site or number of SLN identified).

4. Is the time period between reference standard and index test short enough to be reasonably sure 

that the target condition did not change between the two tests?

• Because the reference standard and index test are applied simultaneously in SLN identification, 

all items will be scored ‘yes’. 

5. Was the execution of the index test described in sufficient detail to permit replication of the test? 

• Yes: for SLN biopsy using blue dye, description of the execution of the test should include type 

and amount of tracer substance used, site and timing of application of tracer substance and 

method of detection of tracer substance.

• No: the description does not include details as stated above.

• Unclear: it is unclear from the available description as to whether the test can be replicated.
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6. Was the execution of the reference test described in sufficient detail to permit its replication? 

• Yes: for SLN biopsy using radiocolloid tracer, the description includes type and amount of tracer 

substance used, site and timing of application of tracer substance, method of detection of tracer 

substance, and use of preoperative scintigraphy.

• No: the above details were not clearly stated.

• Unclear: the description is not adequate to allow replication of the test.

7. Were the reference standard results interpreted without knowledge of the results of the index 

test? 

• Yes: identification of SLNs using the reference standard test was interpreted without knowledge 

on SLN identification using blue dye. 

• No: identification of SLNs using the reference standard test was interpreted with knowledge on 

SLN identification using blue dye. 

• Unclear: insufficient details given as to whether the reference standard results were interpreted 

with or without knowledge of the results of the index test.

8. Were the index test results interpreted without knowledge of the results of the reference standard? 

• Yes: the identification of SLNs using blue dye was interpreted without knowledge (blind) on SLN 

identification using the reference standard.

• No: the identification of SLNs using blue dye was interpreted with knowledge (blind) on SLN 

identification using the reference standard.

• Unclear: no description of when and how the index tests results are interpreted.

 

9. Were the same clinical data available when test results were interpreted as would be available 

when the test is used in practice? 

• Yes: the same clinical information was available when the test results were interpreted as would 

be available when the test is used in practice such as age of patients, clinical history, any related 

investigation results.

• No: different clinical information, or more or less clinical data, were available; e.g. if tests were 

interpreted without knowledge of standard clinical data as stated above.

• Unclear: insufficient details given as to what clinical information was available. 

10. Were uninterpretable/intermediate test results reported? 

• Yes: all uninterpretable results were reported; e.g. if it was not obvious whether a patient had a 

positive test result.

• No: not all uninterpretable results were reported.

• Unclear: insufficient information to determine whether all uninterpretable results were reported.
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11. Were withdrawals from the study explained? 

• Yes: all withdrawals from the study were explained.

• No: not all withdrawals were explained.

• Unclear: insufficient information as to whether all withdrawals were explained.

12. Did the whole or a random selection of the sample, receive verification using a reference stan-

dard of diagnosis? 

• Yes: reference standard (intraoperative SLN identification using radiocolloid tracer) has been 

carried out in the whole population.

• No: reference standard has not been carried out in the whole population.

• Unclear: no clear information about the proportion of patients receiving verification using the 

reference standard.

13. Did patients receive the same reference standard regardless of the index test result? 

• Yes: all the patients received the same reference standard regardless of the index test (intraop-

erative use of blue dye) result.

• No: not all the patients receive the same reference standard regardless of the index test result.

• Unclear: insufficient information to assess whether all the patients received the same reference 

standard.

14. Was the reference standard independent of the index test (i.e. the index test did not form part 

of the reference standard)? 

• Yes: it is clear that the index test did not form part of the reference standard.

• No: it appears that the index test formed part of the reference standard.

• Unclear: information is not reported by the study. 

15. Was the follow-up adequate and false negative clearly reported?

• Yes: The follow-up was adequate (at least 12 months or additional lymph dissection) and the false 

negative rate was clearly reported.

• No: The follow-up was not adequate and the false negative was not clearly reported.

• Unclear: No clear information was available on the follow-up and false negative rate.
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