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Abstract

Background Forty percent of patients with gastric cancer

have unnecessarily extended lymph node dissections with

higher rates of morbidity and mortality than those in non-

extended procedures. Successful sentinel lymph node

(SLN) mapping may help to reduce the number of extended

lymphadenectomies.

Methods SLN mapping was investigated by a blue dye-

only method in patients with gastric cancer. The first cohort

of patients (n = 16) were marked submucosally by an

endoscopist and in the second cohort of patients (n = 23) a

subserosal injection was performed by the surgeon.

Results Thirty-nine patients, all Caucasians, underwent

gastric resection or total gastrectomy with SLN biopsy

using patent blue-dye mapping and modified D2

lymphadenectomy. The mapping procedure and the lym-

phadenectomy were supervised by the same surgeon. A

total of 770 lymph nodes were removed and examined. The

mean number of blue nodes was 4.3 per patient. In 22/23

cases at least one SLN showed tumor involvement. The

sensitivity of SLN mapping was 95.7%, the false-negative

rate was 4.3%, and the specificity was 100%. The negative

predictive value was 93.8% and the positive predictive

value was 100%. In cases of T1 and T2 tumors the sensi-

tivity was 100%. We found the two marking methods

(submucosal vs. subserosal) to be equivalent and there was

no side-effect of the blue-dye mapping.

Conclusions Our results suggest that SLN mapping with

blue dye alone represents a safe procedure that seems to be

adaptable for non-obese patients undergoing open surgery

for gastric cancer in the Eastern European region. The

procedure has high sensitivity and specificity, especially in

cases of T1 and T2 tumors.
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Sensitivity and specificity � Sentinel lymph node biopsy

Introduction

The presence of lymph node metastases is the most

important predictive factor for survival in gastric cancer

following curative resection [1, 2]. A large portion of

Western European patients undergoing R0 resection do not

have nodal involvement [3]. More than one-third of

patients with gastric adenocarcinoma have unnecessarily

extended lymph node dissections with higher rates of

morbidity and mortality than those in non-extended pro-

cedures. Several studies have shown increased periopera-

tive morbidity and mortality with D2 versus D1 lymph
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Department of Internal Medicine, Kenézy Teaching Hospital,
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node dissection [4–6]. Successful sentinel lymph node

(SLN) mapping may help to define those patients who

would and those who would not benefit from an extended

lymph node dissection in association with gastrectomy.

SLN mapping has become a standard procedure in

breast cancer and malignant melanoma [7, 8]. The

injection method and selection of tracers for SLN map-

ping in gastric cancer remain controversial. Studies from

Japan and from Western Europe have demonstrated a high

detection rate ([95%) and a sensitivity of 90–95% for

SLN biopsy in patients with gastric cancer [9–13].

Keeping the well-known differences between Asian and

European gastric cancer phenotypes in mind [14–16], we

have evaluated, for the first time, the validity of SLN

mapping using a blue dye-only method, in a standardized

prospective study of patients with gastric cancer in

Hungary.

Patients, materials, and methods

The study was conducted prospectively from February

2008 to December 2010 at the Department of Surgery of

the ‘‘Gyula Kenézy’’ Teaching County Hospital, Debrecen,

Hungary. Thirty-nine consecutive patients underwent open

gastric resection with blue-dye mapping and modified D2

lymph node dissection. Exclusion criteria were distant

metastases and involvement of the surrounding organs

(T4). After laparotomy, the lesser sac was opened (if this

was needed) and 4 9 0.5 mL blue dye (Bleu Patenté V

2.5%; Sodique Guerbet, F-95943 Roissy CdG, Cedex,

France) was injected in four quadrants around the tumor.

The first cohort of patients (n = 16) were marked sub-

mucosally by an endoscopist, and in the second cohort of

patients (n = 23) the injection was performed by the sur-

geon subserosally. Lymphatic drainage was observed for

up to 10 min following the injection. Blue-stained lymph

nodes were marked, and a modified D2 lymph node dis-

section was performed after gastric resection or total gas-

trectomy. The staining method and the lymphadenectomy

were supervised by the same surgeon. The position of

lymph nodes was marked according to the Japanese clas-

sification of gastric carcinoma [17]. SLNs were examined

in frozen sections intraoperatively. Postoperatively, the

lymph nodes were sectioned at 2- to 3-mm intervals and

hematoxylin and eosin (HE) staining was performed; in

special cases (signet-ring cell carcinoma), immunohisto-

chemistry examinations were performed, with DAKO

Monoclonal Mouse Anti-Human Cytokeratin (clone AE1/

AE3; dilution 1:30; Dakocytomation; Glostrup; Denmark).

Only negative sentinel nodes were examined for micro-

metastasis. The median follow up was 18 months (range

1–35 months).

The detection rate was calculated as the number of

successful identifications of SLNs in relation to the total

number of SLN biopsy procedures.

The sensitivity was given as the number of patients with

positive SLN among the total number of patients with

histopathological evidence of lymphogenous tumor spread.

The false-negative rate was defined as 100% minus sensi-

tivity. Specificity was calculated as the number of negative

SLN biopsy results in relation to the sum of negative SLN

biopsy results plus false-positive results. The negative

predictive value was calculated as the number of negative

results per the sum of negative results and false-negative

results, while the positive predictive value was quantified

as the number of positive results per the sum of positive

results plus false-positive results. Statistical analysis of

equivalence between the two marking methods was based

on calculating the ratios of test performance indicators

(those of the subserosal method divided by those of the

submucosal procedure). Equivalence was established when

the 90% exact confidence interval (CI) around such a ratio

was fully contained within the range 0.8–1.25.

Results

We investigated 39 consecutive patients, all Caucasians, 20

females and 19 males with a mean age of 64.3 (range

50–80) years. The average body mass index (BMI) was

22.8 (range 17.1–27.6). Fourteen patients had signet-ring

cell carcinoma, 19 patients had moderately differentiated

adenocarcinoma, and 6 patients had poorly differentiated

adenocarcinoma. The tumor was localized in the upper

third of the stomach (U) in 8 cases, in the middle third of

the stomach (M) in 9 cases, and in the lower third of the

stomach (L) in 22 cases. The depth of invasion was T1 in 9,

T2 in 11, and T3 in 19 patients. Total gastrectomy was

performed in 14 patients, and subtotal gastrectomy was

performed in 25. A total of 770 lymph nodes were

removed, and 19.7 lymph nodes per patient were examined

on average (range 10–38 lymph nodes per patient). The

mean number of blue nodes was 4.3 per patient (Table 1).

The frequency of lymph-node marking was observed in

relation to the tumor position (Figs. 1, 2, 3). In 38 cases

SLNs were successfully identified, resulting in a detection

rate of 97.4%. Sixteen patients (41%) were histologically

node-negative; in 15 patients both SLNs and non-SLNs

were negative. In one case there was no sign of any

marking; the BMI of this patient was 26.8.

In 22/23 cases at least one SLN showed tumor

involvement, with a false-negative rate of 1/23 (4.3%). The

sensitivity was 95.7%, and the specificity was 100%. The

negative predictive value was 93.8% and the positive

predictive value was 100% (Table 2).
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The SLNs were in the D1 compartment in 22 cases

(57%), in both the D1 and D2 compartments in 12

cases (32%), and in the D2 compartment only in four cases

(11%).

Regarding lymph node involvement in the patients,

exclusively SLNs were positive in 6/23 cases (26%); in two

of these six cases these nodes were found only in the D2

compartment. In 17 cases other lymph nodes were also

involved.The D1 compartment only was involved in 8/17

(47%) cases, and the D1 and D2 compartments were

involved in 9/17 (53%) cases. In the T1 tumor group

(n = 9), SLNs were not involved. In the T2 group (n = 11),

8 patients were SLN-positive and 4 of them were non-

sentinel-positives, as well. In the T3 group, only 5/19

(26.3%) patients were lymph node-negative. In the single

false-negative case, the tumor was a T3 in extension; grade

3 with perineural invasion was found histopathologically

and macroscopically involved lymph nodes were found

during the operation. In the fifteen SLN-negative cases

micrometastasis was not found in the sentinel nodes.

Results of the intraoperative SLN frozen sections correlated

completely with the postoperative pathological findings.

The submucosal and subserosal marking methods were

proven to be equivalent in detection rate, sensitivity, and

specificity based on the 90% CI of the ratio of indicators

(Table 3). There was no side-effect of the blue-dye map-

ping. The postoperative period was uneventful in all 39

patients, without any surgical or non-surgical complication.

During the follow-up period of 18 months we lost 6

patients due to progressive disease. Four of the patients

who succumbed had pT3 tumors with lymphovascular

invasion and two patients had pT2 signet-ring cell carci-

noma. All six patients had positive SLNs; in four cases

only one sentinel node was positive.

Discussion

Dutch and British prospective randomized trials found

higher morbidity and mortality rates following extended

lymph node dissection in patients with gastric cancer when

compared to the rates in those who underwent D1 dissec-

tion only [4, 5]. Forty percent of Western European

Table 1 Characterization of patients with gastric cancer and sam-

pling procedure

Number of patients 39

Tumor sites

Upper 8

Middle 9

Lower 22

Depth of invasion

T1 9

T2 11

T3 19

Nodal involvement

N0 16

N1 13

N2 8

N3 2

Total number of dissected lymph nodes 770

Median number of dissected lymph nodes (range) 19.7 (10–38)

Total number of SLNs 168

Mean number of SLNs (range) 4.3 (1–15)

Based on International Union Against Cancer (UICC) TNM classifi-

cation of malignant tumours. [28, 6th edition]

SLN sentinel lymph node

Fig. 1 Frequency of lymph node marking in cases of upper-third

tumors

Fig. 2 Frequency of lymph node marking in cases of middle-third

tumors
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patients with R0 resection have an unnecessary extended

lymph node dissection [3]. The preoperative diagnostic

tools that define the patient subpopulations which would

and would not benefit from an extended lymph node dis-

section have low sensitivity and specificity. For detecting

pathological lymph node involvement the sensitivity,

specificity, and accuracy of spiral computed tomography is

73.1, 50.0, and 84.2%, respectively [18], and endoscopic

ultrasonography has an accuracy of 68.6%, with a sensi-

tivity and a specificity of 66.7 and 73.7%, respectively

[19]. Recent studies have shown that SLN mapping has a

high detection rate ([95%) and a sensitivity of 90–95%

[9–13]; therefore, SLN mapping may help in avoiding

unnecessarily radical dissections.

Various mapping techniques have been described in the

literature. The injection method and selection of tracers for

SLN mapping remain controversial. Some authors use dye

alone [12, 20, 21] and others apply 99m Tc tin colloid imaging

[9], while others use these two techniques in a parallel fashion

[22]. Yaguchi et al. [23] and Lee et al. [24] have compared the

subserosal with the submucosal labeling method without

finding any significant differences. We have had an excellent

outcome of SLN mapping with the blue dye-only method in

breast cancer. Our detection rate was 92.6% and the false-

negative rate was 2.6% [25]. We tried to adopt this method for

SLN marking in gastric cancer because conditions for radio-

guided mapping at our hospital are less than optimal. This

study represents the first experiences using the blue dye-only

(submucosal versus subserosal) SLN method for patients with

gastric cancer from the Central-Eastern European region.

Although it is difficult to draw definitive conclusions due to

the small size of the series in our prospectively controlled

study; we detected SLNs in 97.4% of patients with gastric

cancer with 95.7% sensitivity and 100% specificity using the

blue dye-alone technique. The false-negative rate was 4.3%.

Although, in our series, this meant only one patient (stage T3,

perineural and lymphovascular invasion), this indicates that

even if labeling is negative, a more extended lymph node

removal is necessary in advanced cases. The two cases of

positive SLNs in the D2 compartment only call attention to

the possibility of skip metastases. Using the blue dye-alone

marking method we can avoid an inadequate surgical pro-

cedure by applying a limited lymph node dissection. Sensi-

tivity was 100% in our T1 and T2 groups.

In our investigation, only the negative sentinel nodes

were examined for micrometastasis, because of the widely

Fig. 3 Frequency of lymph

node marking in cases of lower-

third tumors

Table 2 Sensitivity and specificity of SLN mapping procedure using

blue dye-only method in patients with gastric cancer

Detection rate (%) 38/39 (97.4%)

False-negative rate (%) 1/23 (4.3%)

Sensitivity (%) 22/23 (95.7%)

Specificity (%) 15/15 (100%)

Negative predictive value (%) 15/16 (93.8%)

Positive predictive value (%) 22/22 (100%)

Table 3 Sensitivity and specificity of SLN mapping procedure in

relation to the marking method (submucosal versus subserosal)

Submucosal

(n = 16)

Subserosal

(n = 23)

Result

(90% CI)

Mean number of SLNs 4.1 4.9

Detection rate (%) 100 96 Equivalent

False-negative rate (%) 0 7.7

Sensitivity (%) 100 92.3 Equivalent

Specificity (%) 100 100 Equivalent

Criterion of equivalence: 90% confidence interval (CI) should be fully

within the range 0.8–1.25 (detection rate 0.889–1.029, sensitivity

0.809–1.053, specificity 1.000–1.000)
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recognized concept that lymphatic micrometastasis spreads

first to sentinel nodes in gastric cancer [26]. Equivalence

between the submucosal marking and the subserosal

injection methods was proven in this study. Sometimes the

identification of SLNs in obese patients is difficult with

subserosal injection due to the feathering of blue dye in the

fatty tissues. It is well known that the BMI affects SLN

detection [27], as was found in our investigation; the BMI

of the single non-marked patient was higher than average

(26.8 vs. 22.8). In patients with non-palpable tumors we

preferred the endoscopic injection. The blue-dye marking

method is suitable mainly for open procedures, because

real-time observation and mobilization of the stomach can

readily be achieved.

In conclusion, SLN mapping with blue dye only seemed

to be a safe and feasible procedure in our hands for non-

obese patients during an open surgical procedure; such

procedures can reliably be performed in other Eastern

European surgical departments not appropriately equipped

for radio tracer detection. Validation of this single-agent

method and the subserosal injection of the tracer requires

further evaluation.
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