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Purpose: Exact lymph node staging is essential for prognosis estimation and treatment 
stratification in rectal cancer. Recent studies showed that ex-vivo injection of methylene blue 
dye into the inferior mesenteric artery of rectal cancer specimens might improve lymph node 
harvest. This study evaluates pathological lymph node assessment using this recent technique 
compared to conventional pathological techniques. 

Methods: Methylene blue solution was injected ex-vivo into the inferior mesenteric artery of 
25 rectal cancer specimens and lymph node assessment was performed after formaline fixing 
overnight. The results were compared to data obtained from a control group of 25 rectal cancer 
specimens which underwent conventional pathological lymph node assessment. 

Results: Methylene blue injection was successfully performed in all patients in the stained 
group. A total number of 383 (15.32 ±4.28) and 157 (6.28 ±2.79) lymph nodes were detected in 
the stained and unstained groups respectively (p< 0.001). The difference was most pronounced 
in lymph nodes measuring ≤4 mm in diameter (p< 0.001). Metastases were found in 154 (6.16 
±6.76) and 37(1.48 ± 2.86)  lymph nodes occurring in 18 and 10 patients in the stained and 
unstained groups, respectively (p= 0.003). Lymph node ratio (LNR) was calculated for the 
patients who were finally staged as stage III showing no significant difference between the two 
groups. 

Conclusions: Ex-vivo methylene blue injection into the inferior mesenteric artery is a 
simple, easy and safe method that significantly improves lymph node harvesting in rectal cancer, 
especially small-sized lymph nodes.
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Introduction:
In Egypt, colorectal cancer is the fourth 

most commonly diagnosed cancer in both 
men and women.1 Rectal cancer comprises 
approximately 30% of the malignancies 
arising in the large bowel.2 Total mesorectal 
excision (TME) is the standard treatment of 
cancer rectum and the total number of lymph 
nodes harvested in the surgical resection 
specimen greatly impacts staging accuracy 
and prognosis.3-4 TNM stage of rectal cancer 
with exact nodal staging correlates with 
survival rates and prognosis estimation and 

it is the foundation on which all treatment 
regimens are based.5 

Complete surgical resection for stage I 
rectal cancer is considered curative therapy, 
and the five-year relative survival rate is 
around 90%. However, stage II and III rectal 
cancers have five-year survival rates of only 
67 and 54%, respectively.6 A hypothesis for 
the relative decrease in survival in stage II 
rectal cancer is that some patients may be 
under staged as node-negative when they are 
actually node-positive.7 Moreover, in many 
patients who are not treated with preoperative 
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radiation or radio-chemotherapy the decision 
for adjuvant chemotherapy is made by the 
lymph node status.8,9 Evidence suggests 
that patients, particularly in stage II rectal 
cancer, with a reduced lymph node harvest 
have a worse prognosis. In addition, 5-year 
overall survival and disease-free survival are 
significantly reduced in patients with low 
lymph node harvest.10-11 Also, several studies 
have demonstrated a similar association 
between survival and lymph node harvest in 
stage III disease.12-13 

Therefore, Lymph node assessment 
is an essential part of staging in rectal 
cancer. In fact, nodal involvement is the 
single most important prognostic factor in 
colorectal carcinoma.10,14 The accuracy of 
(N) staging increases with the number of 
lymph nodes examined.15 Numerous studies 
have demonstrated an improvement in the 
overall survival and/or disease-free survival 
of colorectal cancer patients with increasing 
number of lymph nodes retrieved for 
examination.16,17 Furthermore, the number 
of lymph nodes examined in rectal cancer 
is considered an independent factor for 
locoregional disease whether metastases are 
present or not.18

There is debate regarding the optimal 
number of lymph nodes required for adequate 
staging. The evaluation of at least 12 lymph 
nodes following colorectal cancer resection 
is widely cited in clinical guidelines. This 
number was first proposed in 1990 by the 
Working Party Report to the World Congress 
of Gastroenterology in Sydney.19 However, 
this is not a scientific biological figure and is 
a grade C recommendation based on level III-
IV evidence.20-22

Ex-vivo intra-arterial injection of 
methylene blue solution in order to improve 
the lymph node harvested in the pathological 
examination of colorectal cancer specimens 
was initially introduced by Bruno Märkl 
et al.23 The injected methylene blue stains 
arterial blood vessels and capillaries. This 
is one of the main reasons for choosing 
methylene blue solution to improve the 
visualization of lymph nodes because the 
density of vessels is much higher in lymph 

nodes in comparison to the surrounding fat. 
It is not entirely clear how the solution passes 
into the lymph nodes when injected into the 
specimens ex-vivo after the blood stream 
is disjuncted. The most likely mechanism 
could be the increase of interstitial pressure 
caused by the injection and therefore induced 
lymphatic flow24,25 several studies concluded 
that this method is effective, simple and time 
and cost effective.23-25 

This study evaluates pathological lymph 
node assessment using ex-vivo injection 
of methylene blue dye into the inferior 
mesenteric artery of rectal cancer specimens 
compared to conventional pathological 
techniques.

Patients and methods:
This study was carried out on 50 patients 

with resectable rectal cancer who were 
allocated into two groups, stained group 
with ex vivo methylene blue injection then 
pathological assessment and unstained group 
with conventional pathological assessment. 
Patients who underwent emergency 
surgery, palliative surgery and patients with 
recurrent rectal carcinoma were excluded. 
All the patients included in this study were 
subjected to history taking, thorough clinical 
examination and collection of available data 
from the investigations. Total mesorectal 
excision (TME) was done to patients with 
middle and lower rectal tumors while patients 
with upper rectal tumors were subjected 
to tumor specific mesorectal excision. All 
specimens were sent fresh to pathology after 
randomly assigned to undergo injection of 
the inferior mesenteric artery with methylene 
blue dye (stained group) or a gross pathologic 
dissection of the lymph nodes (unstained 
group).

The inferior mesenteric artery of each 
specimen of the stained group was cannulated 
ex-vivo by the surgeon with a standard 16-
20G intravenous catheter using only the 
plastic tube portion, followed by the injection 
of 15 to 20 ml of methylene blue solution (50 
mg diluted with 0.9% saline in the ratio 1:3). 
Subsequently, all specimens were fixed in 
10% buffered formalin for 24 hours. (23-25) 
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Figures (1-3).
Beginning from the proximal end, the 

specimens were cut in 5 to 7 mm thick slices 
until the end of the tumor region was reached 
and representative areas were embedded 
using the whole mount technique. The fat 
of the remaining parts was then dissected 
and examined by palpation. The fatty tissues 
were then sliced and stretched to create thin, 
transparent layers. The cut surfaces were 
screened for lymph nodes.

After paraffin embedding, 3 µm sections 
were cut and stained with hematoxylin and 
eosin. Slides were then examined for the 
number and size of lymph nodes and the 
presence of metastases.

Statistical analysis: Data were fed to the 
computer and analyzed using IBM SPSS 
software package version 20.0. Qualitative 
data were described using number and 
percent. Quantitative data were described 
using mean and standard deviation, median, 
minimum and maximum.

Comparison between different groups 
regarding categorical variables was tested 
using Chi-square test. When more than 20% 
of the cells have expected count less than 
5, correction for Chi-square was conducted 
using Fisher’s Exact test or Monte Carlo 
correction.

For normally distributed data, comparison 
between two independent population were 
done using independent t-test while more 
than two population were analyzed F-test 
(ANOVA) to be used. For abnormally 
distributed data, comparison between two 
independent population were done using 
Mann Whitney test Correlations between 
two quantitative variables and ordinal data 
were assessed using Spearman coefficient. 
Multivariate Linear regression was assessed. 
Significance test results are quoted as two-
tailed probabilities. Significance of the 
obtained results was judged at the 5% level.

Results:
This study included 50 patients with 

resectable rectal cancer who were divided 
into two groups, stained group whit ex vivo 
methylene blue injection then pathological 

assessment and unstained group with 
conventional pathological assessment. 56% 
(14) in each group were males with mean age 
51.68 ±11.60 years (range, 25-74) and 51.04 
±13.45 years (range, 26-74) for the stained 
and unstained groups, respectively. The mean 
body mass index (BMI) was 27.56 ±1.94 
for the stained group, compared to 27.16 
±1.65 for the unstained group. There was no 
statistically significant differences between 
both groups in demographic data, tumor site, 
histological criteria and preoperative staging. 
In the stained group, 17 patients (68%) 
received neoadjuvant therapy, while in the 
unstained group, 18 patients (72%) received 
neoadjuvant therapy. Low anterior resection 
(LAR) was performed in 18 patients (72%) 
in the stained group and 17 patients (68%) in 
the unstained group and rest of the patients 
underwent abdominoperineal resection. 
Operations were performed by 5 colorectal 
consultant surgeons and pathological 
assessment was performed by two 
pathologists. Differences between the two 
groups regarding the surgeons performing 
the operations and pathologists examining 
the resection specimens were statistically 
insignificant.

Although there was no significant 
difference between both groups regarding 
preoperative clinical nodal staging (cN) (P 
0.844), this difference become statistically 
significant after pathological nodal staging 
(pN) (p= 0.003). In the stained group, 14 
patients (56%) were finally staged as pN2, 
while in the unstained group, only 3 (12%) 
patients were staged as pN2 and 15 patients 
(60%) were finally staged as pN0 Table (1). 
On studying the comparison between cN and 
pN in each group, a statistical significant 
difference was identified only in the stained 
group (p= 0.009) Table (2).

In the stained group, a total of 383 lymph 
nodes were identified with a mean of 15.32 
±4.28, compared to a total number of 157 
lymph nodes identified in the unstained 
group with a mean of 6.28 ±2.79. The 
difference between the two groups was 
highly statistically significant (p< 0.001). At 
least 12 lymph nodes were identified in 21 
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out of 25 patients (84%) in the stained group. 
However, in the unstained group, adequate 
nodal harvest was found in only 3 out of 25 
patients (12%) Table (3).

Metastases were found in 154 lymph 
nodes in 18 out of 25 patients (72%) in the 
stained group with a mean of 6.16 ±6.76 and 
in 37 lymph nodes in 10 out of 25 patients 
(40%) in the unstained group with a mean of 
1.48 ±2.86. The difference between the two 
groups was statistically significant (p= 0.003) 
Table (3). 

LNR was calculated for these patients 
with positive lymph nodes and a mean of 
0.53 ±0.32 and 0.41 ±0.32 were found for the 
stained and unstained groups respectively, the 
difference was not statistically significant. 
Lymphovascular invasion was detected in 
16 out of 25 patients (64%) and 15 out of 25 
patients (60%) in the stained and unstained 
groups respectively. 

The lymph nodes were measured and 
categorized by size. The difference in nodal 
harvest between the two groups was most 
pronounced in lymph nodes measuring ≤4 
mm in diameter. The difference for the <2 mm 
and 3-4 mm categories was statistically highly 
significant (p< 0.001). For lymph nodes in the 
5-6 mm category there was also a statistical 
significant difference between the two groups 
(p= 0.008). However, for the lymph nodes in 
the >6 mm category the difference between 
the stained and unstained groups was not 
statistically significant Figure (4).

On studying the relation between 
neoadjuvant therapy and lymph node harvest 
in the two groups, the effect of neoadjuvant 
therapy on reducing the nodal harvest was 
statistically significant only in the stained 
group (p< 0.001) with a mean nodal harvest 
of 19.88 ±2.95 in the patients who didn’t 
receive neoadjuvant therapy compared to 
13.18 ±2.90 in the patients treated with 
neoadjuvant therapy. In the unstained group 
there was no significant difference in lymph 
nodes harvest (p=0.752) in patients who 
received neoadjuvant therapy and those 
who directly underwent surgery (6.17 ±3.17 
vs6.57 ±1.62). 

In the present study, out of 17 patients in 

the stained group who received neoadjuvant 
therapy 13 patients (76.5%) had adequate 
nodal harvest. Whereas, none of the 18 
patients in the unstained group who received 
neoadjuvant therapy had adequate nodal 
harvest.

The relationships of other factors with 
lymph node harvest were also studied as these 
factors can affect lymph node retrieval. These 
factors include surgeon variation, pathologist 
variation, type of the operation, tumor site, 
histological type and grade of the tumor and 
lymphovascular invasion. However, none of 
these factors had a statistically significant 
effect on nodal harvest neither in the stained 
nor in the unstained groups. 

Linear regression for the effect of 
neoadjuvant therapy and methylene blue 
injection on lymph node harvest was 
studied revealing a more powerful impact 
of methylene blue injection on nodal harvest 
than neoadjuvant therapy Table (4).

Discussion:
It was proved by Wong et al that accuracy of 

lymph node status increases with the number 
of examined lymph nodes.26 Additionally, 
Swanson et al. showed a very impressive 
linear correlation between increasing numbers 
of lymph nodes examined and 5-year survival 
rates in T3N0 colorectal cancer.27

Many studies tried to improve lymph 
node harvest by increasing sensitivity of 
metastasis detection using sentinel lymph node 
technique, immunohistochemical analysis 
and polymerase chain reaction (PCR).28-30 
Immunohistochemical is expensive and 
failed to prove a significant difference 
concerning 3-year disease-free survival.31 
In contrast, confirmation of micrometastasis 
using RT-PCR showed a significant smaller 
3-year disease-free survival and reduced 
overall survival in positive patients. Fat 
clearance protocols are an effective way to 
improve lymph node recovery. Despite that, 
many of these protocols are difficult and 
time consuming. Even more problematic 
is the additional necessity of poisonous 
chemicals that need to be handled. Both are 
circumstances that limit their widespread 
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Figure (1): Identification of the IMA.

Figures (2-3): Injection of methylene blue solution into the IMA.

Figures (4): Comparison between both groups according to size of L.Ns harvest.

use.32, 33

A new and simple technique was 
described to stain lymph nodes in rectal 
cancer specimens by ex vivo methylene blue 
injection into the inferior mesenteric artery 
making them easier to detect by conventional 
pathological dissection. This technique was 

first described by Märkl et al.23 
Neo-adjuvant therapy, surgeon and 

pathologist variation and type of operations 
are factors that affect number of lymph 
nodes harvested. In this study there was no 
significant difference between the two groups 
regarding those factors.34-38
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Table (1): Comparison between the studied groups regarding clinical and pathological nodal 
staging.

Stained 
(n=25)

Unstained  
(n=25) p

No. % No. %
cN
cN0 6 24.0 6 24.0

0.844cN1 9 36.0 10 40.0
cN2 10 40.0 9 36.0
pN
pN0 7 28.0 15 60.0

0.003*pN1 4 16.0 7 28.0
pN2 14 56.0 3 12.0

Table (2): Comparison between clinical and pathological nodal staging in each group.

cN
cN0 cN1 cN2
No. % No. % No. %

St
ai

ne
d

pN
pN0 4 66.7 2 22.2 1 10.0
pN1 1 16.7 2 22.2 1 10.0
pN2 1 16.7 5 55.6 8 80.0
rs (p) 0.509* (0.009)

U
ns

ta
in

ed

pN
pN0 5 83.3 6 60.0 4 44.4
pN1 1 16.7 4 40.0 2 22.2
pN2 0 0.0 0 0.0 3 33.3
rs (p) 0.367 (0.071)

rs: Spearman coefficient
*: Statistically significant at p ≤ 0.05

Table (3): Comparison of lymph node harvest in both groups.

Stained Unstained Test of sig.
Total L.Ns (n=25) (n=25)
Min.- Max. 8.0 – 24.0 2.0 – 12.0

tp< 0.001*
Mean ± SD. 15.32 ± 4.28 6.28 ± 2.79
Metastatic L.Ns (n=25) (n=25)
Min. - Max. 0.0 – 21.0 0.0 – 12.0

MWp= 0.003*
Mean ± SD. 6.16 ± 6.76 1.48 ± 2.86

t: Student t-test
MW: Mann Whitney test
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Table (4): Linear regression for total L.Ns. 

B SE Beta t p
95% CI
LL UL

Constant 19.366 1.97 9.823* < 0.001 15.400 23.332
Neoadjuvant therapy 3.672 0.99 0.293 3.700* 0.001 1.675 5.668
Methylene blue injection -8.893 0.91 0.775 9.777* < 0.001 7.063 10.723

R= 0.840, R2= 0.706, F= 56.320*, p< 0.001

In the present study, the process of 
methylene blue injection into the inferior 
mesenteric artery was simple, easy and safe 
method as it was successful in all patients in 
the stained group with an average time of less 
than 4 minutes. In addition to the availability 
and low cost of methylene blue dye possesses 
no hazardous or poisonous effects. This 
coincides with the results of similar studies 
assessing this technique. Kerwel et al. 
described this technique to be simple, time 
and cost-effective and should be reproducible 
in other institutions, particularly where 
inadequate nodal harvests are problematic.39 

This study shows improvement in the 
mean lymph node harvest in the stained 
group as compared with the unstained group 
(15.32 ±4.28 vs. 6.28 ±2.79, p< 0.001). In 
84% of patients in the stained group, lymph 
node recovery was more than 12 whereas this 
was achieved in only 12% of patients in the 
unstained group. This major improvement 
in nodal harvest following methylene blue 
staining of lymph nodes was similarly found 
by other published studies. for example, in 
the original retrospective study by Märkl et 
al. including 24 rectal cancer specimens, the 
average number of lymph nodes examined 
was 27 ±7 and 14 ±4 for the stained and 
unstained groups, respectively.23 An average 
lymph node harvest of 30 ±13.5 for the 
methylene blue stained group compared to 17 
±11 for the unstained group were found in a 
prospective study by Kerwel et al. involving 
50 patients with primary resectable rectal 
cancer.39 A study by Klepšytė et al. including 
40 rectal cancer specimens also demonstrated 
an improvement in lymph node harvest 
following methylene blue staining with an 
average lymph node numbers per specimen 

of 18 ±5 and 14 ±6 in the stained and 
unstained groups, respectively.24 However, 
on comparing the results of the present study 
with other published results, it seems clear 
that nodal harvest in this study is the lowest 
among all, whether before or after methylene 
blue lymph node staining. This indicates a 
more obvious need to improve lymph node 
harvests aiming at a more accurate rectal 
cancer staging. 

Looking at the additional lymph nodes 
identified in the stained group, the increase 
was attributed to identifying more of the 
small lymph nodes. Kerwel et al. found 
similar results as the largest improvement 
was found in size groups between 1 and 
4 mm causing a shift in size distribution 
toward smaller nodes.39 The significance of 
the smaller lymph nodes is that studies have 
reported that 66 to 78% of metastatic lymph 
nodes are smaller than 5 mm.28,40-42 

Other finding in this study was improvement 
of the number of metastatic lymph nodes 
identified in the stained group. Kerwel et 
al., found no significant improvement in 
the detection of nodal metastasis. This was 
attributed to the finding that nodal harvest 
in the unstained group was already very 
good and well above the reported averages 
obtained with conventional techniques.39

To date, thorough examination of 
postoperative specimens in trial to obtain 
the maximum number of lymph nodes 
is the optimal method for accurate nodal 
staging. Several authors claim that an 
insufficient number of identified and 
examined lymph nodes is one of the main 
causes of understaging in colorectal cancer. 
The stage migration theory is based on this 
concept.43 In the present study, nodal stage 
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migration was significant in the stained group 
(p=0.009). Two patients in the stained group 
were preoperatively staged as node-negative 
and ended up to be node-positive and 5 
other patients were upstaged from N1 to N2 
after pathological assessment. While in the 
unstained group, only one case was upstaged 
from N0 to N1. 

A study by Märkl et al. involving 53 
rectal and 1 colon cancer patients who had 
received neoadjuvant therapy demonstrated 
that adequate lymph node harvest can be 
achieved after methylene blue staining even 
in patients treated with neoadjuvant therapy. 
The mean number of lymph nodes was 29 ±11 
and 10 ±4 for the methylene blue stained and 
unstained groups, respectively.44 Similarly, 
in the present study, there was a significant 
improvement in nodal harvest in patients 
received neoadjuvant therapy in stained 
group 13.18 ±2.90 compared to unstaining 
group 6.17 ±3.17, (p< 0.001). 

Baxter et al. have reported that only 20% 
of patients treated with neoadjuvant therapy 
have adequate nodal sampling.34 In the 
present study, 76.5% of patients in the stained 
group who received neoadjuvant therapy had 
adequate nodal harvest whereas, none of 
the 18 patients in the unstained group who 
received neoadjuvant therapy had adequate 
nodal harvest. 

Lymph node harvest in the patients in 
the stained group who received neoadjuvant 
therapy was significantly lower than patients 
who didn’t receive neoadjuvant therapy 
(13.18 ±2.90 vs. 19.88 ±2.95, p< 0.001), 
which is consistent with published studies 
documenting a reduced lymph node harvest in 
patients treated with neoadjuvant therapy.34-36 
Interestingly, a similar trend was not observed 
in the unstained group. This finding maybe 
attributed to the assumption that neoadjuvant 
therapy doesn’t cause the lymph nodes to 
disappear but rather become smaller and 
therefore more difficult to detect.44 However, 
in the present study, methylene blue injection 
proved to have a more powerful impact on 
nodal harvest than neoadjuvant therapy.

Conclusion:
Ex-vivo methylene blue injection into the 

inferior mesenteric artery is a simple, easy 
and safe method that significantly improves 
lymph node harvesting in rectal cancer, 
especially small-sized lymph nodes. This 
improvement in nodal harvest can be even 
achieved in patients treated with neoadjuvant 
therapy. This eventually leads to a more 
accurate rectal cancer staging via improved 
detection of metastatic lymph nodes.

Reference
1- El-Bolkainy TN, Sakr MA, Nouh AA, Ali 

El-Din NH: A comparative study of rectal 
and colonic carcinoma: Demographic, 
pathological and TNM staging analysis. J 
Egy Natl Cancer Inst 2006; 18: 258–263.

2- Jemal A, Tiwar RC, Murray T, et al: Cancer 
statistics: CA Cancer J Clin 2004; 54: 8–29.

3- Lee KY: Factors influencing oncologic 
outcomes after tumor-specific mesorectal 
excision for rectal cancer. J Korean Soc 
Coloproctol 2012; 28(2): 71–72.

4- Perez RO, Seid VE, Bresciani EH, Bresciani 
C, Proscurshim I, Pereira DD, Kruglensky D, 
Rawet V, Habr-Gama A, Kiss D: Distribution 
of lymph nodes in the mesorectum: How 
deep is TME necessary? Tech Coloproctol 
2008; 12(1): 39–43.

5- Compton CC: Colorectal carcinoma: 
Diagnostic, prognostic, and molecular 
features. Mod Pathol 2003; 16: 376–388.

6- Ward KC, Young JL Jr, Gloeckler Ries 
LA: Cancers of the colon and rectum. 
SEER survival monograph. Bethesda, MD: 
National Cancer Institute 2007; 33–42.

7- Yasuda K, Adachi Y, Shiraishi N, et al: 
Pattern of lymph node micro metastasis and 
prognosis of patients with colorectal cancer. 
Ann Surg Oncol 2001; 8: 300–304.

8- Investigators IB: Efficacy of adjuvant 
fuorouracil and folinic acid in B2 colon 
cancer. International Multicentre Pooled 
Analysis of B2 Colon Cancer Trials 
(IMPACT B2) Investigators. J Clin Oncol 
1999; 17: 1356–1363.

9- Sauer R, Becker H, Hohenberger W, et 
al: Preoperative versus postoperative 
chemoradiotherapy for rectal cancer. N Engl 
J Med 2004; 351: 1731–1740.

10- Sarli L, Bader G, Iusco D, Salvemini C, 
Mauro DD, Mazzeo A, Regina G, Roncoroni 
L: Number of lymph nodes examined and 



Ain-Shams J Surg 2014; 7(12):1-10 9

prognosis of TNM stage II colorectal cancer. 
Eur J Cancer 2005; 41: 272–279. 

11- Tsai HL, Lu CY, Hsieh JS, Wu DC, Jan CM, 
Chai CY, Chu KS, Chan HM, Wang JY: 
The prognostic significance of total lymph 
node harvest in patients with T2-4N0M0 
colorectal cancer. J Gastrointest Surg 2007; 
11: 660–665.

12- Chen SL, Bilchik AJ: More extensive nodal 
dissection improves survival for stages I to 
III colon cancer: A population-based study. 
Ann Surg 2006; 244: 602–610.

13- Vather R, Sammour T, Zargar-Shoshtari 
K, Metcalf P, Connolly A, Hill A: Lymph 
node examination as a predictor of long-
term outcome in Dukes B colon cancer. Int J 
Colorectal Dis 2009; 24: 283–388.

14- Gunderson LL, Jessup JM, Sargent DJ, et 
al: Revised tumor and node categorization 
for rectal cancer based on surveillance, 
epidemiology, and end results and rectal 
pooled analysis outcomes. J Clin Oncol 
2010; 28: 256–263.

15- Wong SL, Ji H, Hollenbeck BK, et al: 
Hospital lymph node examination rates and 
survival after resection for colon cancer. 
JAMA 2007; 298: 2149–2154.

16- Johnson PM, Porter GA, Ricciardi R, Baxter 
NN: Increasing negative lymph node count 
is independently associated with improved 
long-term survival in stage IIIB and IIIC 
colon cancer. J Clin Oncol 2006; 24: 
3570–3575.

17- Chang GJ, Rodriguez-Bigas MA, Skibber 
JM, Moyer VA: Lymph node evaluation and 
survival after curative resection of colon 
cancer: systemic review. J Natl Cancer Inst 
2007; 99: 433–441.

18- Pocard M, Panis Y, Malassagne B, et al: 
Assessing the effectiveness of mesorectal 
excision in rectal cancer: Prognostic value of 
the number of lymph nodes found in resected 
specimens. Dis Colon Rectum 1998; 41: 
839–845.

19- Fielding LP, Arsenault PA, Chapuis PH, Dent 
O, Gathright B, Hardcastle JD, Hermanek P, 
Jass JR, Newland RC: Clinicopathological 
staging for colorectal cancer: An International 
Documentation System (IDS) and an 
International Comprehensive anatomical 
Terminology (ICAT). J Gastroenterol 
Hepatol 1991; 6: 325–344.

20- Nelson H, Patrelli N, Carlin A, Couture J, 
Fleshman J, Guillem J, Miedema B, Ota D, 
Sargent D: Guidelines 2000 for colon and 

rectal cancer surgery. J Natl Cancer Inst 
2001; 93: 583–596.

21- Wright FC, Law CH, Berry S, Smith AJ: 
Clinically important aspects of lymph node 
assessment in colon cancer. J Surg Oncol 
2009; 99: 248–255.

22- Wright FC, Law CH, Last LD, Ritacco R, 
Kumar D, Hsieh E, Khalifa M, Smith AJ: 
Barriers to optimal assessment of lymph 
nodes in colorectal cancer specimens. Am J 
Clin Pathol 2004; 121: 663-670.

23- Märkl B, Kerwel TG, Wagner T, Anthuber 
M, Arnholdt HM: Methylene blue injection 
into the rectal artery as a simple method to 
improve lymph node harvest in rectal cancer. 
Mod Pathol 2007; 20: 797–801.

24- Klepšytė E, Samalavičius N: Injection of 
methylene blue solution into the inferior 
mesenteric artery of resected rectal specimens 
for rectal cancer as a method for increasing 
the lymph node harvest. Tech Coloproctol 
2012; 16: 207–211.  

25- Märkl B, Wünsch K, Hebick K, et al: 
Methylene blue-assisted lymph node 
dissection in combination with ex vivo 
sentinel lymph node mapping in gastric 
cancer. Histopathology 2009; 54: 433–441.

26- Wong JH, Severino R, Honnebier MB, Tom P, 
Namiki TS: Number of nodes examined and 
staging accuracy in colorectal carcinoma. J 
Clin Oncol 1999; 17: 2896–2900.

27- Swanson RS, Compton CC, Stewart AK, et 
al: The prognosis of T3N0 colorectal cancer 
is dependent on the number of lymph nodes 
examined. Ann Surg Oncol 2003; 10: 65–71.  

28- Haboubi NY, Abdalla SA, Amini S, et al: 
The novel combination of fat clearance and 
immunohistochemistry improves prediction 
of outcome of patients with colorectal 
carcinomas: A preliminary study. Int J 
Colorectal Dis 1998; 13: 99–102.

29- Futamura M, Takagi Y, Koumura H, et al: 
Spread of colorectal cancer micrometastases 
in regional lymph nodes by reverse 
transcriptase-polymerase chain reactions for 
carcinoembryonic antigen and cytokeratin 
20. J Surg Oncol 1998; 68: 34–40.

30- Tuech JJ, Pessaux P, Di Fiore F, et al: Sentinel 
node mapping in colon carcinoma: In-vivo 
versus ex-vivo approach. Eur J Surg Oncol 
2006; 32: 158–161. 

31- Iddings D, Ahmad A, Elashoff D, et al: The 
prognostic effect of micrometastases in 
previously staged lymph node negative (N0) 
colorectal carcinoma: A meta-analysis. Ann 



Ain-Shams J Surg 2014; 7(12):1-1010

Surg Oncol 2006;13: 1386–1392.
32- Scott KW, Grace RH: Detection of lymph 

node metastases in colorectal carcinoma 
before and after fat clearance. Br J Surg 
1989; 76: 1165–1167.

33- Haboubi NY, Clark P, Kaftan SM, et al: The 
importance of combining xylene clearance 
and immunohistochemistry in the accurate 
staging of colorectal carcinoma. J R Soc Med 
1992; 85: 386–388.

34- Baxter NN, Morris Am, Rothenberger DA: 
Tepper JE: Impact of preoperative radiation 
for rectal cancer on subsequent lymph node 
evaluation: a population-based analysis. Int J 
Radiat Oncol Biol Phys 2005; 61: 426–431.

35- Doll D, Gertler R, Maak M, Friederichs J, 
Becker K, Geinitz H, Kriner M, Nekarda H, 
Siewert JR, Rosenberg R: Reduced lymph 
node yield in rectal carcinoma specimen 
after neoadjuvant radiochemotherapy has no 
prognostic relevance. World J Surg 2009; 33: 
340–347.

36- Marcos B, Baker B, Al Masri M, Haddad 
H, Hashem S: Lymph node yield in rectal 
cancer surgery: Effect of preoperative 
chemoradiotherapy. Eur J Surg Oncol 2010; 
36: 345–349.

37- Shaw A, Collins EE, Fakis A, Patel P, 
Semeraro D, Lund JN: Colorectal surgeons 
and biomedical scientists improve lymph 
node harvest in colorectal cancer. Tech 
Coloproctol 2008; 12(4): 295–298.

38- Evans MD, Barton K, Rees A: The impact 
of surgeon and pathologist on lymph node 
retrieval in colorectal cancer and its impact 

on survival for patients with Dukes’ stage B 
disease. Colorectal Dis 2008; 10: 157–164.

39- Kerwel TG, Spatz H, Anthuber M, Wünsch 
K, Arnholdt H M, Märkl B: Injecting 
methylene blue into the inferior mesenteric 
artery assures an adequate lymph node 
harvest and eliminates pathologist variability 
in nodal staging for rectal cancer. Dis Colon 
Rectum 2009; 52: 935–941.

40- Herrera-Ornelas L, Justiniano J, Castillo N, 
Petrelli NJ, Stulc JP, Mittelman A: Metastases 
in small lymph nodes from colon cancer. 
Arch Surg 1987; 122:1253–1256.

41- Ratto C, Sofo L, Ippoliti M, Merico M, 
Doglietto GB, Crucitti F: Prognostic factors 
in colorectal cancer. Literature review for 
clinical application. Dis Colon Rectum 1998; 
41: 1033–1049.

42- Schofield JB, Mounter NA, Mallett R, 
Haboubi NY: The importance of accurate 
pathological assessment of lymph node 
involvement in colorectal cancer. Colorectal 
Dis 2006; 8: 460–470.

43- Törnroos A, Shabo I, Druvefors B, Arbman 
G, Olsson H: Postoperative intra-arterial 
methylene blue injection of colorectal cancer 
specimens increases the number of lymph 
nodes recovered. Histopathology 2011; 58: 
408–413.

44- Märkl B, Arnholdt HM, Hebick K, Herbst C, 
Oruzio D, Anthuber M, Spatz H: Methylene 
blue-assisted lymph node dissection 
ensures an adequate lymph node harvest in 
neoadjuvantly treated colorectal cancer. Ann 
Oncol 2010; 21: 24–29..


