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abstract 

Introduction: Lymph node (LN) metastasis is a major staging criterion of gastric cancer (GC). GC prognosis is associated with the 
number of metastatic LNs. Objective: To evaluate the impact of using a lymph node revealing solution (LRS) in gastrectomy specimens. 
Material and methods: prospective study in 30 gastrectomy specimens (19 men, average age of 59.5; 11 women, average age of 66.1) for 
pathological tumor, node, metastasis (TNM) staging. After LN dissection according to the routine procedures (conventional method [CM]), 
the tissue was emerged in LRS: a mixture containing 65% ethanol, 20% ether, 5% acetic acid, and 10% formalin solution (10%), for 36 
hours with 3 changes. A new LN dissection was performed. The number of LNs obtained from both methods was compared and analyzed. 
The number of metastatic and non-metastatic LNs was determined. Results: From 1,005 (33.5/specimen) dissected LNs, 657 of which 
(21.9/specimen) by the CM, and 348 (11.6/specimen) after using LRS (p = 0.0002), metastases were detected in 272 LNs (9.2/case), 211 
of which (7.0/specimen) were found with the CM, and 61 (2.0/specimen) after using LRS (p = 0.0028). The number of LNs increased 
53.0% with LRS, and the number of metastatic LNs was 28.9% higher. The pN classification changed in 5 (16.7%) of the 30 specimens, 
and in stage grouping in 4 (13.3%) analyzed cases. Conclusion: The use of LRS in gastrectomy specimens is simple, enables dissection, 
increases the number of LNs, and occasionally changes pN staging and stage grouping.
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Introduction 

Gastric cancer (GC) is the second leading cause of deaths due to 
cancer and the fourth most common cancer worldwide(9). The disease 
occurs twice as often in men as in women in almost all countries(10).

The GC mortality/incidence ratio is considerably high 
worldwide, and the five-year survival rate is low, around 20% in 
most developing countries(23).

Worldwide, 989,600 new cases and 738,000 deaths are estimated 
per year, although incidence and mortality have decreased over the 
past 50 years in many regions. This decrease in many developed 
countries has been attributed to changing dietary habits, food 
preservation, and control of Helicobacter pylori infection(23).

GC prognosis is mainly based on staging and is related to 
the depth of tumor invasion and the presence of lymph node 
(LN) metastasis. These characteristics, combined with other 
pathological aspects, define the course of treatment. Therefore, the 
surgical approach with curing purposes, involving gastrectomy 
and lymphadenectomy, is considered the only intervention able to 
prolong survival.

The tumor-node-metastasis (TNM) system for GC classification is 
widely used, providing prognostic information, especially with regard 
to LN involvement, which is one of the most important criteria used 
for GC staging. There is a relationship between GC prognosis and the 
number of LNs affected by metastasis(5).

Numerous studies have shown benefits of radical 
lymphadenectomy in relation to survival and the potential of 
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cure(8,12, 28, 34). Therefore, a meticulous dissection of LNs is one of 
the most important factors in macroscopic evaluation of specimen 
resulting from radical surgical treatment for GC.

Detection and analysis of the highest possible number of LNs 
are essential for correct classification, therapeutic decision making, 
and GC prognosis. However, these prerogatives frequently fall short of 
what is desirable, not only for issues inherent to the patient (obesity, 
for example, which makes it difficult to obtain the LN from the 
surgical specimen), but also to the surgeon (surgical technique), and 
to the pathologist (quality of anatomopathological examination).

Lymph Node Revealing Solutions (LRS) contain 65% of 
commercial 95% ethyl alcohol, 20% diethyl ether, 5% glacial 
acetic and 10% of 10% formalin, chemicals that clarify the fat of 
surgical specimens immersed in them for a determined period of 
time, showing the LNs, which become chalky. LRS has been used 
in surgical specimens of colon and rectum,(14,19), breast and axilla(7) 
in order to enable LNs identification in these specimens, ensuring 
that as many LNs as possible are evaluated on macroscopic and 
microscopic aspects.

Material and methods
 

A prospective study of a consecutive series of 30 gastrectomy 
specimens was conducted (19 men, mean age of 59.5, and 
11 women, mean age of 66.1). Among the 30 gastrectomy 
specimens, 13 (43.3%) were total gastrectomy with D2 
dissection; one (3.3%), total gastrectomy D1; two (6.7%), 
subtotal gastrectomy D1; nine (30%), subtotal gastrectomy D2; 
four (13.3%), subtotal gastrectomy with no classification of the 
type of LN dissection; and one (3.3%) with no classification of 
the type of gastrectomy.

Most tumors were carcinomas (n = 26; 87%), among 
which five cases (19.2%) were diffuse-type, seven (26.9%) 
were mixed-type, and 14 (53.8%), intestinal-type (Laurén’s 
histological classification)(17). One case (3%) was not classified 
and three (10%) were undefined.

The study was approved by the Research Ethics Committee 
(COEP) of Universidade Federal de Minas Gerais (UFMG) – Project 
CAAE – 0090.0.203.000-11, and held in the Gastrointestinal 
Pathology Service of the Department of Pathological Anatomy 
and Forensic Medicine (APM) (Departamento de Anatomia 
Patológica e Medicina Legal do Hospital das Clínicas da UFMG). 

A transversal prospective study was carried out in 30 samples 
of total and subtotal gastrectomy specimens with D1 and D2 LN 

dissections, derived from surgical treatment of patients chosen 
randomly, GC carriers, from Instituto Alfa de Gastroenterologia 
do Hospital das Clínicas-UFMG, Belo Horizonte, Minas Gerais, 
from December 2010 to January 2012. 

All samples were processed and analyzed at the APM, 
according to the anatomopathologic protocol(18), which 
comprises macroscopic and microscopic evaluation of the 
tumor, including tumor measures, macroscopic Borrmann 
type(2), location, histological type according to Laurén’s 
classification(17) and the World Health Organization (WHO)(35), 
growth pattern described by Ming(22), presence of lymphatic 
vascular invasion (LVI), blood vascular invasion (BVI), and 
anatomopathological TNM staging(5).

The patients’ records, such as age, gender, registration 
number, type of surgery, tumor nature and site, neoadjuvant 
radiotherapy and chemotherapy, were obtained from 
the laboratory orders. Information on macroscopic and 
microscopic examination of the tumor was collected 
from the anatomopathological reports. We assessed only 
the characteristics of the tumor (T) and lymph node (N) 
involvement according to TNM staging.

All samples taken from gastrectomy specimens for 
histopathological study, according to the APM’s cleavage map 
protocol (Figure 1), were previously fixed in 10% formalin 
and processed in the APM, embedded in paraffin blocks. 

Figure 1 − Cleavage map for GC surgical specimens processing: sample for histological 
analysis(18)

GC: gastric cancer; pm: proximal margin; dm: distal margin; muc: mucosa.
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Significant samples of tumor, of adjacent mucosa (three 
to six pieces), of the proximal and distal margins of surgical 
resection, matching with the greater and lesser curvatures, of 
the gastric mucosa of the antrum, the body and the angular 
notch, as well as all dissected LNs, were subjected to histological 
examination. The slides were stained with hematoxylin-eosin 
(HE) for histological diagnosis. The perigastric tissue remaining 
after the LNs dissection by the conventional method (CM), which 
would be disposed of with the surgical specimen, was immersed in 
LRS, in three baths, with the duration of 12 hours each, and, after 
36 hours, the LNs stand out as chalky nodules amid a yellowish 
tissue. We performed a new dissection of LNs, now under direct 
vision. They were then subjected to histopathological study.

After histopathological examination of the new dissected 
LNs, the cases were staged concerning pN, according to the total 
number of dissected LNs (the number of LNs dissected by CM, 
plus the number of LNs dissected after using LRS).

   We did not include cases of patients with benign gastric 
tumors, carcinoid tumors, lymphomas, stromal-derived tumors, 
sarcomas, and those undergoing neoadjuvant radiotherapy 
and/or chemotherapy.

 

Statistical analysis 

The data collected were entered into a database developed 
in Excel®. The analyses were performed in R and Epi Info™ 
softwares. We used a significance level of 5% (p ≤ 0.05).

Quantitative variables of interest were the total number of LNs 
and the number of LNs with metastases, before and after using 
LRS. The categorical variable of interest was the change in TNM 
classification after using LRS.

Comparisons between quantitative and categorical characteristics 
(binary) were performed by Student t-test and Mann-Whitney test. 
In cases in which categorical characteristic showed more than two 
categories, F-test (ANOVA) and Kruskal-Wallis test were used. The 
supposition of normality was checked by the Shapiro-Wilk test.

In order to compare the two characteristics in categorical 
form, we applied chi-square test incorporating Yates’ correction for 
comparison of proportions, when there were only two categories 
in each variable. In cases with more than two categories, we used 
Pearson’s chi-squared test. In the presence of at least one expected 
frequency lower than five, we used Fisher’s exact test.

Among the quantitative characteristics, we calculated the 
Pearson’s correlation coefficient and Spearman’s correlation 
coefficient.

Results
 

Lymph nodes 

We dissected a total of 1,005 LNs, mean of 33.5 LNs/case 
± 21.5 LNs. The number of metastatic LNs was 272, mean of 
9.1 LNs/case ± 17.4 LNs; and non-metastatic LNs, 733, mean of 
24.2 LNs/case ± 18.4 LNs. Before exposure to LRS, 657 LNs were 
dissected, mean of 21.9 LNs/case ± 15.6 LNs. The number of 
metastatic LNs before exposure to LRS was 211, mean of 7 LNs/
case ± 12.8 LNs; and non-metastatic LNs, 446, mean of 14.9 LNs/
case ± 12.7 LNs. The number of LNs dissected after LRS exposure 
was 348, mean of 11.6 LNs/case ± 8.9 LNs; and non-metastatic 
LNs, 61, mean of 2 LNs/case ± 4.9 LNs; and non-metastatic LNs, 
287, mean of 9.6 LNs/case ± 8.4 LNs (Table 1).

Table 1 − Number of lymph nodes (metastatic and non-metastatic) before 
and after exposure to LRS 

Total of lymph nodes n Mean SD

Total 1005 33.5 21.5

Metastatic 272 9.1 17.4

Non-metastatic 733 24.2 18.4

Before LRS 657 21.9 15.6

Metastatic 211 7 12.8

Non-metastatic 446 14.9 12.7

Additional after LRS 348 11.6 8.9

Metastatic 61 2 4.9

Non-metastatic 287 9.6 8.4

LRS: lymph node revealing solution; n: number of observation; SD: standard deviation.
Source: SOUSA, M. T. D. et al. (2014)(32).

Impact of using LRS

Number of lymph node

After using LRS, we identified 348 more LNs, which represent 

53% of the amount identified before LRS (p = 0.0002).

The number of metastatic LNs increased from 211 to 272, after 

using LRS, thus, increasing 28.9% (p = 0.0028) (Figure 2).

 There was a positive correlation between the average number 
of LNs and the average number of metastatic LNs found before and 
after LRS immersion (p < 0.05) (Table 2). It should be stressed 
that the values shown in the column “After” represent the total 
of LNs after immersion in the solution, and not only the new LNs 
identified.
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 Staging

 After using LRS, five (16.7%) from the 30 cases have changed 
pN status. Two cases (22.2%) initially pN1 were restaged pN2; two 
cases (33.3%) initially pN2 were restaged pN3; and the case pNX 
was restaged pN0.

From these five cases, four (80.0%) changed the stage 
grouping, which represents 13.3% of the total sample. Two cases 
staged IIB before using LRS were restaged IIIA; two cases staged 
IIIA were restaged IIIB (Table 3).

Discussion
 

GC is a disease with high prevalence and high incidence 
almost worldwide, and has been studied with the purpose of 
promoting a better understanding of its pathogenesis, prevention, 
treatment and prognosis. GC should be treated by gastrectomy with 
regional lymphadenectomy. 

Studies have shown that the survival of patients with GC 
is related, among other factors, to the number of regional LN 
metastasis. The potential of identifying the affected LNs increases 
with the number of dissected and studied LNs.

The proportion of N advanced status increases with the 
number of LNs examined, and its relation to patients' survival is 
probably affected by migration of tumors staging(12).

There are reports in the literature of studies using LRS in 
surgical specimens of breast, colon and rectum, intended to 
facilitate the visualization and dissection of LNs. Studies involving 
GC gastrectomy specimens are rare, and this fact motivated our 
research. The number of affected LNs is one of the most important 
prognostic indicators for GC. In patients with comparable 
T-category, the greater the number of affected LNs removed, the 
better survival they will have(8). 

It is generally accepted that there is greater benefit in survival 
from LNs standardized dissections(11). Many studies have shown 
that the number of LNs dissected is closely related to postoperative 
pathological tumor staging and prognostic assessment. A sufficient 
number of dissected LNs improves the reliability of staging and 
provides a more accurate prognostic evaluation(1, 3). Despite the 
importance of the need for accurate staging, recent studies suggest 
that the assessment for LNs staging in GC is inadequate in 62% to 71% 
of patients. Insufficient assessment of LNs has potentially important 
implications for the appropriate adjuvant therapy, and affects the 
comparisons between studies on the different treatments for GC(27).

The LN status is the most important prognostic criterion 
to predict recurrence and survival in patients with GC without 
evidence of metastases. The American Joint Committee on Cancer 
and the International  Union Against Cancer (AJCC/UICC) take 
into account the total number of LN-positive for metastasis and 
not the total number of LN or the LN positive/negative ratio for 
cancer staging. Studies suggest that survival is highly dependent 
on the number of post-gastrectomy affected LNs (31).

Tumors are understaged by reasons concerning the surgical 
team, as, when removing little tissue, they may leave LNs in the 
surgical site; and also concerning the pathologist, who is required 
to know the technique, to have the skills and to be attentive during 

Figure 2 − Number of metastatic and non-metastatic lymph nodes before and after LRS
LRS: lymph node revealing solution.

	 Lymph nodes	 Lymph nodes
	 without metastasis	 with metastasis

Before            After

Table 2 − Average number of lymph nodes and metastatic lymph nodes 
before and after LRS immersion

Characteristic

Time

p valueBefore After

Mean SD Median Mean SD Median

n total
lymph nodes 

21.9 15.6 16.5 33.5 21.5 29 < 0.0011

n metastatic 
lymph nodes

7 12.8 2 9.1 17.4 3 0.0022

1: paired t-test; 2: Wilcoxon test.
LRS: lymph node revealing solution; SD: standard deviation.
Source: SOUSA, M. T. D. et al. (2014)(32).

Table 3 − Change in pN and staging classification

Case    Before LRS After LRS

1107235 pN1 – IIB pN2 – IIIA

1104890 pN2 – IIIA pN3a – IIIB

1103494  pN2 – IIIA pN3a – IIIB

1105741 pN1 – IIB pN2 –  IIIA

LRS: lymph node revealing solution; pN: lymph node pathologic in Tumor-Node-
Metastasis system.
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dissection and microscopic examination of LNs(24). The research 
method for LNs gastrectomy specimen, mentioned in this work 
as CM, is based on visualization and haptic perception of LNs 
through thin-sections of perigastric tissue. This method is very time 
consuming and often ineffective in showing all LNs present in the 
specimen, and may not detect LNs of five millimeters in size or less, 
which can harbor metastatic disease in up to 33% of cases(4). 

LRS use in surgical specimens can double or even triple the 
number of dissected LNs when compared with the CM. Schmitz-
Moormann  et al.(26) suggested that a review of the number of 
LNs examined and involved by the tumor, in addition to other 
evaluations, brings satisfactory results by using techniques that 
reveal LNs.

In the present study, we used the LRS described by Koren et 
al.(13), aiming to evaluate the number of additional LNs after its 
use in gastrectomy specimens, as well as the impact of the result 
in GC anatomopathological staging. In this study, in one case it 
was not possible to describe the type of gastrectomy performed, 
and the four cases in which the types of LN dissections were not 
described were included in the study because they would not have 
influence in counting the number of LNs, and therefore on the 
study's purpose.

Luebke et al.(20) used the same LRS in 11 cases, achieving 
452 LNs by CM (average of 41.1 LNs/case) and 138 LNs (average 
of 12.5 LNs/case) after using LRS (increase of 30.5%), with no 
change in pN status in any case. 

Koren et al.(13) used it in 10 gastrectomy specimens. By CM, the 
authors found 30 LNs with an average size of 6.69 mm ± 3.43 mm. 
Using LRS they obtained 89 additional LNs (increase  of 296.7%), 
with an average size of 3.03 mm ± 3.43 mm. The pN staging 
changed in four cases from pNX to pN0, in one case from pN1 to 
pN2, and in one case from pN0 to pN2. 

In Brazil, a study conducted by the Grupo de Estômago 
e Duodeno do Departamento de Cirurgia e Departamento de 
Ciências Patológicas da Faculdade de Ciências Médicas da Santa 
Casa de São Paulo used LRS in 13 gastrectomy pieces, finding 222 
LNs by CM (mean of 17.07 LNs/case) and, after using LRS, they 
found 123 more  LNs (mean of 9.46 LNs/case)(29), an increase of 
55.5%.

In this study, the mean of LNs dissected by CM was 21.9 
± 15.6 LN, similar to some studies described in the literature 
(Table 4).

  After using LRS, 348 additional LNs were dissected, 
representing an increase of 53% (p = 0.00002). The discrepancy 
in the increase in the number of LNs found by Koren et al.(13) in 

relation to this and other studies may result from the study of 10 
cases, in which a total of 30 LNs were dissected, therefore a mean 
of three LNs/case is very low on the basis of the studies described 
above, but the LNs were very large. After using LRS, 89 LNs were 
found in very small sizes, thus considerably increasing the total 
number of LNs. 

Sun Z. et al.(33) retrospectively studied 2,159 patients who had 
undergone gastrectomy with curing purposes for GC, observing a 
linear correlation between the number of acquired LNs and the 
number of metastatic LNs. 

Studies conducted by Luebke et al.(20), Koren et al.(13), Candela 
et al.(4) do not mention the percentage rate of increase in the 
number of metastatic LNs after using LRS. Siqueira et al.(29) had 
an increase of 20.5% in metastatic LNs using LRS.

In this study, after using LRS, the increase in the number 
of dissected LNs resulted in the increase (28.9%) of metastatic 
LNs found (p = 0.0028), changing the pN staging in five cases 
(16.7 %). In one of them, no LN was found using CM and, after 
using LRS in the gastrectomy specimen, 10 LNs were dissected, 
all non-metastatic, allowing pNX restaging to pN0. There was a 
change in stage grouping in four cases (13.3%). Luebke et al.(20) 

and Siqueira et al.(29) did not observe changes in pN staging, 
but the number of cases in their study was small. Koren et al.(13) 

observed a change in pN staging in six out of 10 cases studied 
(60%), however, the average of LNs achieved (three LNs/case) was 
very low by CM, increasing considerably after using LRS, probably 
explaining the pN change. In two cases of this study, we did not 
achieve the minimum number of 16 LNs by CM, and they were 
not affected by metastases. After immersion of the pieces in LRS, 
the new dissection enabled us to achieve the minimum number of 
16 LNs. AJCC/UICC(5) suggest that at least 16 regional LNs should 
be identified in the surgical specimen for pN0 to be determined. 
In both mentioned cases, we were in doubt whether patients were 
understaged due to failing to have 16 LNs analyzed. After using 
LRS, the number of 16 LNs was achieved in one case, and 19 LNs in 
the other, enabling a more secure staging, despite the fact that the 

Table 4 − Average number of lymph nodes obtained by conventional 
method in different series of gastric cancer

Series LNs/case

Present series (2014)(32) 21.9 

DAZI, X. et al. (2012)(33) 23.5 

MEDINA-FRANCO, H. et al. (2013)(21) 18

BIFFI, R. et al. (2011)(1)  22

DIKKEN, J. L. et al. (2012)(6)   23

KWON, H. Y. et al. (2013)(15) 31.6
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pN classification did not change. Several studies described in the 
literature concluded that there must be 16 or more LNs analyzed 
for pN0 staging to be achieved(1, 16, 21, 27, 31). Son et al.(31) analyzed 
the survival rate of 10,010 patients and concluded that when 15 or 
less LNs are examined and findings show no metastases (classified 
pN0 by TNM system), it is not possible to appropriately predict the 
survival of patients undergoing curative gastrectomy. In one case 
of this study, we did not find LNs using CM, and after using LRS in 
the gastrectomy specimen we dissected 10 LNs, all non-metastatic, 
allowing restaging pNX to pN0.

The total number of dissected LNs, i.e., those achieved by 
CM and after using LRS, was 1,005, with an average of 33.5 LNs/

case. This number is above the average of LNs mentioned by most 
authors included in Table 4.

  

Conclusion
 

Regarding the use of LRS in GC gastrectomy specimens, it is 
possible to conclude that it provides a significant increase in the 
number of metastatic and non-metastatic LNs when compared to CM, 
occasionally involving changes in pN  staging and stage grouping. 
The technique makes the dissection process easier and improves the 
results, in addition to being simple and low cost. Thus, it should be 
recommended.

resumo 

Introdução: O envolvimento do linfonodo (LNs) por metástase é importante critério para estadiar câncer gástrico (CG). Relaciona-se 
o prognóstico do CG com número de LNs metastáticos. Objetivo: Avaliar o impacto do uso de solução reveladora de linfonodos 
(SRL) em espécimes de gastrectomia. Material e métodos: Estudo prospectivo em 30 espécimes de gastrectomia (19 homens, 
média de idade 59,5 anos, e 11 mulheres, média de idade 66,1 anos) para estadiamento patológico tumor-linfonodo-metástase 
(TNM). Após dissecção dos LNs de acordo com procedimento de rotina (método convencional [MC]), esse tecido foi imerso em SRL, 
mistura contendo 65% de álcool, 20% de éter, 5% de ácido acético e 10% de formal a 10%, por 36 horas, com três mudanças, 
sendo realizada nova dissecção de LNs. Os LNs obtidos por ambos os métodos foram comparados e analisados. O número de 
LNs metastáticos e sem metástases foram determinados. Resultados: Dissecados 1.005 LNs (33,5/caso): 657 LNs (21,9/caso) 
pelo MC e 348 LNs (11,6/caso) após uso da SRL (p = 0,0002). Metástases foram detectadas em 272 LNs (9,2/caso): 211 (sete/
caso) pelo MC e 61 (dois/caso) após uso de SRL (p = 0,0028). O uso da SRL aumentou o número de LNs em 53%, e o número 
de LNs metastáticos, em 28,9%. Houve mudança na classificação pN em cinco (16,7%) dos 30 espécimes, e no estadiamento por 
grupos em quatro (13,3%) casos analisados. Conclusão: O uso de SRL em espécimes de gastrectomia é procedimento simples de 
aplicar, facilitando a dissecção, aumentando o número de LNs e eventualmente mudando estadiamento pN e de grupamento.  
 
Unitermos: câncer gástrico; linfonodos; dissecção; solução reveladora de linfonodos.
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