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Purpose: The minimum harvested 12 lymph nodes (LNs) is regarded as the limit for accurate staging of nodal status in 
colorectal cancer patients. Besides the association of the lengths of resected intestinal segments and vascular pedicles, the 
mesocolic mesenteric area’s impact on LN count has not been studied. We aimed to evaluate the associations between 
metric variables, including the mesocolic mesentery area on the nodal harvest.
Methods: All consecutive patients who underwent elective colectomy with a curative intention for colon adenocarcinoma 
were prospectively included. The metric variables included the lengths of resected intestinal segments, vascular pedicle, 
and colonic mesenteric area. The variables influencing the LN count and the correlation between the total LN count and 
the specimens’ relevant metric measurements were analyzed. 
Results: There were 46 patients with a median age of 64 years. The median count for total LNs was 22, and the LN positiv-
ity was 59.2%. There was an inadequate LN yield ( < 12) in 3 patients (6.1%). No significant associations were found be-
tween the adequacy of nodal harvest and the demographic, clinical, and tumoral features (P > 0.05). There were significant 
positive correlations between total LN number and length of vascular pedicle and mesenteric area (r = 0.576, P < 0.001 and 
r = 0.566, P < 0.001).
Conclusion: The length of the vascular pedicle and mesenteric area were significantly correlated with total LN counts. Al-
though there was no significant impact on the length of resected segments, the colonic mesenteric area can be used alone 
as a measure for the assessment of the nodal yield in colon cancer.
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INTRODUCTION

An acceptable minimum harvested lymph node (LN) count dur-
ing surgical treatment of colon cancer has been advocated by 

many national associations [1]. Besides being an indicator of sur-
gical treatment quality, the minimum harvested 12 LNs is re-
quired for accurate staging of colorectal cancer patients [2–4]. Re-
moval of adequate, even higher counts of LNs is shown to be as-
sociated with better survival specifically for right-sided colon can-
cer [5–7].

In previous studies, the association of several variables with the 
total LN count has been analyzed. Patients’ general health, age, 
sex, operative, and tumoral features, including the length of re-
sected bowel, mesocolic mesenteric area, tumor site, and tumor 
mass, would be essential parameters leading to the different out-
comes of LNs yield [3, 8, 9].

Although the length of resected colon is dependent on mucosal 
margins, arterial anatomic variations, and extent of lymphadenec-
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tomy, resection of longer colonic segments with larger mesocolic 
mesentery may also lead to higher counts of LN [10]. An increase 
in the number of retrieved LNs with increasing length of resected 
colon segments has been shown [3, 8, 11–17]. The relationship 
between the length of the colon and the mesocolic mesenteric 
area associated with the LN count has not been studied in detail. 
The area’s measurement may be an indirect representation of both 
the resected colon and the vascular pedicle’s lengths. So, assess-
ment of these associations may be essential parameters that neces-
sitate any standardization measure. We hypothesized that there is 
a close association between the mesocolic mesenteric area and the 
number of harvested LNs leading to an adequate staging. But, the 
impact of harvesting more LNs on the staging of colon cancer re-
mains controversial.

In this study, we aimed to evaluate the total LN count following 
colectomy and analyze the impact of metric variables, including 
the lengths of resected bowel, vascular pedicle, and the mesocolic 
mesenteric area on the nodal harvest.

 
METHODS

Ethical statements
This study was a prospective analysis of all patients with colon 

cancer surgery at the General Surgery Clinic of Bagcilar Education 
and Research Hospital in Istanbul, Turkey, between September 
2019 and July 2020. The local Ethical Committee approved the 
study (No. 2020.12.1.11.198). The authors declared that they per-
formed the study according to the Declaration of Helsinki. Writ-
ten consent for publication of this study and accompanying im-
ages was taken from patients. The study was registered to www.
clinicaltrials.gov with an ID number of NCT04260139.

Patients and variables
All consecutive patients who underwent colectomy with a cura-
tive intention for colon cancer were included. Each surgery was 
performed by 1 of 5 colorectal surgeons with at least 10 years of 
experience.

The inclusion criteria were as follows: patients over 18 years of 
age; histological diagnosis of colonic adenocarcinoma; elective 
surgery; the type of surgery, including right and left hemicolecto-
mies and the sigmoid resection for colon cancer; open, laparo-
scopic, or converted surgeries.

Previous colon surgery, emergent surgery, colectomy extending 
below the peritoneal reflection, total or subtotal colectomy, colec-
tomy for other malignant and benign pathologies, and metastatic 
patients were regarded as the exclusion criteria.

Fig. 1. Calculation of the colonic mesenteric area in the right hemicolectomy specimen on an engineering graph millimeter paper (from A to D). 
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Demographic and clinical characteristics were prospectively col-
lected and recorded into a database. Age, sex, body mass index 
(BMI), surgical approach, type of operation, and tumoral features, 
including diameter, location, T and N stages, differentiation 
grade, and LN counts were recorded. The age of the patients was 
grouped as < 65 and ≥ 65 years [1, 15]. The diameter of the tu-
mor was stratified as ≤ 40 and > 40 mm [15].

Pathology
After the incision’s closure, the primary researcher (NAH) mea-
sured the distances given below and the colonic mesentery. The 
fresh specimen was fixed and laid out flat on an engineering 
graph millimeter paper in the operating room (Fig. 1A). 

The lengths as millimeters are as follows: (a) proximal colon; (b) 
ileum in cases with right hemicolectomy only; (c) proximal bor-
der (a+b in cases with the right hemicolectomy, only an in pa-
tients with other types of surgery); (d) tumor; (e) distal border; (f) 
total specimen (c+d+e); (g) vascular pedicle, the longitudinal dis-
tance between the nearest bowel wall and the end of ligated major 
vascular pedicle depending on the tumor’s localization [1] (Fig. 2). 
The colonic mesenteric areas as mm2 are shown in Fig. 1B–D.

The specimens were then directly sent to the pathology labora-
tory and examined in a standardized manner with manual dissec-
tion for the LNs. A consultant histopathologist performed micro-
scopic and macroscopic pathological analysis using a standard 

colorectal protocol. Fat-clearing methods were not used in each. 
In the case of the yield < 12 LNs, a second attempt to examine 
LNs was performed. The depth of invasion and the count of met-
astatic LNs supported the disease’s stage using the TNM classifica-
tion of the American Joint Committee on Cancer/Union for In-
ternational Cancer Control, 7th edition [16].

The patients were divided into 2 groups according to the total 
count of LNs as < 12 and ≥ 12 [1]. 

Statistical analysis
The incidence of patients with a total count of < 12 LNs and the 
association of the variables on this count were the primary out-
comes. The correlation between the total LN count and the speci-
mens’ relevant metric measurements was regarded as the second-
ary outcome. 

Descriptive statistics were given as mean± standard deviation 
and median with interquartile ranges (IQR) of 25% to 75% 
(IQR1–IQR3) for continuous variables depending on their distri-
bution. Numbers and percentages were used for categorical vari-
ables. Normality of the numerical variables was analyzed by the 
Kolmogorov-Smirnov test and checked by Q-Q plots and histo-
grams. 

In comparing 2 independent groups, the t-test and one-way 
analysis of variance were used to compare the continuous vari-
ables with the normal distribution. For variables without normal 

Fig. 2. Schematic representation of the metric variables on the right hemicolectomy (A) and the left hemicolectomy specimens (B).
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distribution, the Mann-Whitney U-test was applied. The Pearson 
chi-square test and Fisher exact tests were used for categorical 
variables. Spearman or Pearson correlation coefficient was used 
to analyze the associations between numerical variables. Statistical 
analysis was performed using an SPSS ver. 15.0 (SPSS Inc). A P-
value of < 0.05 was considered statistically significant.

RESULTS

There were 49 patients with a median age of 64 years. There were 
more male patients (53.1%) in the study group. The laparoscopic 
approach (65.3%) was more common than the open approach 
(20.4%). Right hemicolectomy was performed in 22 patients 
(44.9%), whereas in 20 (40.8%) and 7 patients (14.3%), sigmoid 
resection and left hemicolectomy were applied. The demographic 
and clinical characteristics of the patients are given in Table 1.

The median diameter of the tumors was 60 mm. The sigmoid 
colon was the most common location seen in 20 patients (40.8%). 
Considering T stages, T3 and T4 comprised the majority of the 
cases (91.8%). Tumoral features of the study group are summa-
rized in Table 2. 

In the study group, the median count for total LNs was 22, and 
59.2% of the patients were LN positive. In 3 patients (6.1%), there 
was an inadequate LN yield (< 12). In these patients, the median 
total LN count was 8 (P< 0.001) (Table 3).  

Table 1. Demographic and clinical characteristics of the patients

Variable Overall 
Patients 

with 
< 12 LNs

Patients 
with 

≥ 12 LNs
P-value

No. of patients 49 3 46

Age (yr) 64 (55–77) 75 (53–80) 64 (55–77) 0.671

   < 65 27 (55.1) 1 (33.3) 26 (56.5) 0.581

   ≥ 65 22 (44.9) 2 (66.7) 20 (43.5)

Sex > 0.999

   Female 23 (46.9) 1 (33.3) 22 (47.8)

   Male 26 (53.1) 2 (66.7) 24 (52.2)

Body mass index (kg/m2) 27.8 ± 13.5 25.8 ± 4.7 27.9 ± 5.5 0.520

Surgical approach 0.428

   Open 10 (20.4) 0 (0) 10 (21.7)

   Laparoscopic 32 (65.3) 3 (100) 29 (63.0)

   Converted 7 (14.3) 0 (0) 7 (15.2)

Operation 0.622

   Right hemicolectomy 22 (44.9) 1 (33.3) 21 (45.7)

   Left hemicolectomy 7 (14.3) 1 (33.3) 6 (13.0)

   Sigmoid resection 20 (40.8) 1 (33.3) 19 (41.3)

Values are presented as number only, median (interquartile range), number (%), or 
mean ± standard deviation. 
LN, lymph node.

Table 2. Tumoral features of the study groups

Variable
Overall 
(n = 49)

Patients 
with 

< 12 LNs 
(n = 3)

Patients 
with 

≥ 12 LNs 
(n = 46)

P-value 

Diameter (mm) 60.0 (50.0–75.0) 70 (50–90) 60 (50–70) 0.560

   ≤ 40 7 (14.3) 0 (0) 7 (15.2) > 0.999

   > 40 42 (85.7) 3 (100) 39 (84.8)

Location

   Cecum 4 (8.2) 0 (0) 4 (8.7) 0.798

   Ascending 16 (32.7) 1 (33.3) 15 (32.6)

   Transverse 3 (6.1) 0 (0) 3 (6.5)

   Descending 6 (12.2) 1 (33.3) 5 (10.9)

   Sigmoid 20 (40.8) 1 (33.3) 19 (41.3)

T stage 

   2 4 (8.2) 0 (0) 4 (8.7) 0.656

   3 21 (42.9) 2 (66.7) 19 (41.3)

   4 24 (49.0) 1 (33.3) 23 (50.0)

T group 

   T1–2 4 (8.2) 0 (0) 7 (15.2) > 0.999

   T3–4 45 (91.8) 3 (100) 39 (84.8)

N stage 

   0 20 (40.8) 1 (33.3) 19 (41.3) 0.364

   1 16 (32.7) 2 (66.7) 14 (30.4)

   2 13 (26.5) 0 (0) 13 (28.3)

N group 

   N0 20 (40.8) 1 (33.3) 19 (41.3) > 0.999

   N1–2 29 (59.2) 2 (66.7) 27 (58.7)

TNM stage

   I 2 (4.1) 0 (0) 2 (4.3) 0.592

   IIa 9 (18.4) 1 (33.3) 8 (17.4)

   IIb 9 (18.4) 0 (0) 9 (19.6)

   IIIa 2 (4.1) 0(0) 2 (4.3)

   IIIb 14 (28.6) 2 (66.7) 12 (26.1)

   IIIc 13 (26.5) 0 (0) 13 (28.3)

Differentiation 

   Well 6 (12.2) 0 (0) 6 (13.0) 0.794

   Moderate 30 (61.2) 2 (66.7) 28 (60.9)

   Poor 13 (26.5) 1 (33.3) 12 (26.1)

Signet ring cell 5 (10.2) 1 (33.3) 4 (8.7) 0.281

Mucinous pathology 24 (49.0) 1 (33.3) 23 (50.0) > 0.999

Lymphovascular invasion 30 (61.2) 2 (66.7) 28 (60.9) > 0.999

Perineural invasion 22 (44.9) 2 (66.7) 20 (43.5) 0.581

Values are presented as median (interquartile range) or number (%). 
LN, lymph node.
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The patients with < 12 and ≥ 12 LNs have had similar demo-
graphic, clinical, and tumoral features. No significant associations 
were found between the adequacy of LN retrieval and the vari-
ables (P> 0.05) (Tables 1, 2).   

Although there was a significant difference in the total LN count 
in patients with < 12 LNs and ≥ 12 LNs (P< 0.001), we did not 
found a significant difference in malignant LNs between the 
groups (P = 0.758). Similarly, the malignant-to-total ratio was 
similar in the groups (P= 0.671). 

When comparing the patients with adequate vs. inadequate re-
trievals, the morphometric measures, including the lengths of 
specimen, tumor, proximal border, distal border, and vascular 
pedicle, were also similar in the groups (P> 0.05) (Table 3). The 
ileum length in patients with right hemicolectomy and proximal 

colon length in patients with sigmoid resection and left hemico-
lectomy did not significantly differ between the groups (P> 0.05). 
There was a longer length of the vascular pedicle and larger mes-
enteric area in patients with ≥ 12 LNs; we did not detect a statisti-
cal significance (P= 0.317 and P= 0.097) (Table 3).

Correlation analysis revealed that there were significant positive 
correlations between total LN count and the length of vascular 
pedicle and mesenteric area (r = 0.576, P < 0.001 and r = 0.566, 
P< 0.001) (Table 4; Fig. 3A, B). However, there were no significant 
correlations between total LN count and other morphometric 
measurements. The morphometric measurements also did not 
correlate with the malignant LN count and (P> 0.05) (Table 5).

DISCUSSION

This study showed significant correlations between total LN 
count and the length of vascular pedicle and mesenteric area. Al-
though the grouping based on the minimum harvested 12 LNs 
for accurate staging of nodal status revealed no difference consid-
ering the length of the vascular pedicle and mesenteric area, we 
think that any increase in these 2 parameters may consequently 
lead to an increase in the probability of an accurate staging for co-
lon cancer.

The LN yield in colon resection specimens is thought to be de-
pendent on several variables. Although some are uncontrollable, 
including tumoral features, others are within the surgeons’ control 
[1]. The length of vascular pedicle is another parameter that has 
an impact on the LN yield. It is expected to reach a similar length 
of vascular pedicles after the successful application of standard-
ized techniques such as complete mesocolic excision and central 
vascular ligation. However, the length of the vascular pedicles 
may have different measurements due to the individual variations 

Table 3. Analysis of the morphometric features of the specimens with the groups based on total LN count

Variable Overall (n = 49) Patients with < 12 LNs (n = 3) Patients with ≥ 12 LNs (n = 46) P-value

Diameter (mm) 60.0 (50–75) 70.0 (50–90) 60.0 (50–70) 0.560

Total LN 22.0 (14–32) 8.0 (6–10) 23.0 (16–32) < 0.001

Malignant LN 1.0 (0–4) 1.0 (0–1) 1.0 (0–4) 0.758

Malignant-to-total LN 0.32 (0–0.13) 0.13 (0–0.2) 0.03 (0–0.13) 0.671

Specimen length (mm) 310.0 (242.5–405) 310.0 (245–460) 315.0 (240–410) 0.939

Tumor length (mm) 35.0 (27.5–45) 30.0 (15–30) 40.0 (30–50) 0.116

Proximal border (mm) 180.0 (80–307.5) 240.0 (170–390) 180.0 (80–305) 0.323

Distal border (mm) 120.0 (80–190) 80.0 (40–110) 130.0 (80–200) 0.088

Proximal colon length (mm) 90.0 (60–150) 280.0 (170–390) 80.0 (60–145) 0.051

Ileum length (mm) 115.9 ± 43.0 90 117.1 ± 43.6 0.635

Vascular pedicle length (mm) 103.0 ± 25.4 88.7 ± 14 104.0 ± 25.8 0.317

Mesenteric area (mm2) 13,800 (10,300–19,150) 10,300 (7,100–11,500) 15,400 (10,300–19,400) 0.097

Values are presented as median (interquartile range) or mean ± standard deviation. 
LN, lymph node.

Table 4. Correlation analysis of the total lymph node counts with 
morphometric tumoral features

Variable Spearman’s rho P-value

Diameter 0.176 0.226

Specimen length 0.117 0.423

Tumor length 0.112 0.442

Proximal border 0.215 0.138

Distal border 0.038 0.795

Proximal colon length 0.090 0.657

Ileal length 0.171 0.447

Vascular pedicle length 0.576 < 0.001

Mesenteric area 0.566 < 0.001

Malignant lymph node –0.003 0.982

Malignant-to-total lymph node –0.155 0.287
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associated with the body morphometric characteristics. Brändst-
edt et al. [18] showed that increasing quartiles of weight, hip, 
waist, BMI, and waist-hip ratio were significantly associated with 
an increased risk of LN positivity in men. But, they did not evalu-
ate the possible relationship between the total LN count and the 
length of the vascular pedicles in patients with different body 
morphometric characteristics.  In the current study, we could not 
evaluate such parameters except for BMI due to the retrospective 
design of the study. We also found no impact of BMI on the LN 
counts. It is recommended to take these parameters into consid-
eration for future studies.

Kent et al. [8] showed that the pathological pedicle length corre-
lated with the total nodal yield consistent with our results. In our 
study, longer length of the vascular pedicle and larger mesenteric 
area were found in patients with ≥ 12 LNs without statistical sig-
nificance. However, other numerical variables did not signifi-
cantly associate with total LN yield. Based on these findings, we 
may think that the pedicle length is crucial in LN yield.

Besides the number of vascular pedicles in colon cancer surgery, 
the area of mesenteric resection, the length of vascular pedicle, 
and resected bowel are other variables predicting the LN count 
following colectomy [1]. All these parameters, separately or in 
combination, have been evaluated considering their impacts on 
the LN yield. Quality of the pathological examination is another 

essential parameter that has an impact on the number of retrieved 
LNs [19–21]. In the presence of adequate proximal and distal bor-
ders, a detailed and careful pathological examination may lead to 
an increased yield. Although the second-look LN search caused 
considerable increases in the LN counts and number of cases with 
at least 12 LNs, its benefit on the accurate staging was limited [20]. 
Becerra et al. [19] reported a large variation particularly between 
pathologists in suboptimal LN examination following colectomy. 
In the light of these explanations, we think that there is a difficulty 
in the standardization of the pathological examination tech-
niques. Future studies are needed to investigate the impact of sev-
eral approaches including the second-look LN search, exhaustive 
submission of mesenteric fat, or fat-clearing methods [20].

Although there were controversial results concerning the associ-
ation of the length of resected bowel and the LN yield [1, 3, 10, 11, 
14, 15], some authors also tried to find the cutoff values of speci-
men lengths for adequate LN counts. They showed that there 
should be almost < 20 cm of specimen length for sufficient LN 
counts [22, 23]. They evaluated both colon and rectal cancers in 
their study that can be regarded as a confounding factor. Others 
concluded that an increased resected mesenteric area is not asso-
ciated with an increase in nodal yield, considering the lack of as-
sociation with the total length of bowel resected and the total 
nodal yield [8]. In this study, we found a significant correlation 
between the mesenteric area and the total LN yield. If we regarded 
the mesenteric area as the reflection of both the length of vascular 
pedicle and resected intestinal segments, there should be little 
surprise that a higher yield of LNs would be achieved with resec-
tion of more mesenteric area. So, instead of the measurements of 
both the lengths of the vascular pedicle and the resected intestinal 
segments, the colonic mesenteric area may be used as a surrogate 
measure of surgical quality and nodal yield.

It is also logical to find that the number of the resected vascular 
pedicles may positively affect the total yield of LNs. However, 
Nash et al. [1] found that the mean number of nodes decreased as 
the degree of the pedicles increased from the primary to the ter-
tiary. They detected the highest counts of LNs (14.6 LNs) for the 

Table 5. Correlation analysis of malignant lymph node counts with 
morphometric tumoral features

Variable Spearman’s rho P-value

Diameter 0.176 0.226

Specimen length 0.062 0.674

Tumor length 0.062 0.673

Proximal border –0.020 0.891

Distal border 0.112 0.445

Pedicle length 0.163 0.262

Mesentery area 0.005 0.975

Fig. 3. Correlation of the total lymph node number with the length of vascular pedicle (A) and the colonic mesenteric area (B).
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primary pedicle and the lowest counts (3.6 LNs) for the tertiary 
pedicle. They thought that dissection of the vascular pedicle clos-
est to the tumor caused this outcome. Lack of the measurements 
of the lengths may be regarded as a significant limitation for these 
results. In the present study, we did not differentiate the LNs 
found in the secondary or tertiary pedicles. However, the detec-
tion of the majority of LNs in the primary vascular pedicle as in 
Nash et al.’s study [1] supported our approach. Analysis of at least 
one major vascular pedicle can be regarded as sufficient for the 
nodal harvest.

Several patient-related and tumor-related factors have been 
identified as the significant independent risk factors for LN yield 
[4, 12, 15]. The right-sided tumors and larger tumor size were sig-
nificantly associated with a higher total LN count [1, 12, 14]. 
There may be anatomic or biological differences between right-
sided or left-sided colonic cancers. The authors speculated that 
increased cancer antigen presentation or inflammatory responses 
secondary to ulceration in larger tumors might result in such 
findings [15]. A longer mesenteric radix has also been questioned 
for right-sided tumors [14]. We believe that it is tough to under-
stand the pathophysiological mechanisms for these associations. 
We also did not find any significant associations between tumoral 
features, including tumor size and location, and the LN groupings 
based on 12 LNs. Further prospective studies in which several 
predictors and confounder factors are considered are needed to 
address these questions. 

In current studies, the rate of resections with adequate harvested 
LNs ranges up to 96.6% [1]. Our rate was 93.9%. We may think 
that the infrequency of finding fewer than 12 LNs is so small to 
identify the predictive factors on the quality of LN dissection us-
ing a meaningful statistical analysis [1]. 

As an interesting finding, we did not find a significant correla-
tion between the total and malignant LN in resected specimens. 
The absence of this correlation was also reported by other re-
searchers [1, 3, 14]. Besides, there is a lack of data regarding im-
proved survival secondary to the higher yield of total LNs in asso-
ciation with the mere elongation of the bowel resected [3]. Some 
studies also failed to show any improvement in the staging in as-
sociation with an increased LN count [5, 20]. So, evidences that 
an adequate number of nodes will alter the staging and improve 
outcomes should be provided by future studies. 

The relatively low sample size of the study that can be regarded 
as insufficient to determine minor differences is the major limita-
tion. Besides, the results of a single-center study may prevent the 
generalizability of the conclusions. The retrospective design and 
absence of survival outcomes were the other limitations. The 
measurement of the mesenteric area and the length of vascular 
pedicle were the study’s main strengths. 

In conclusion, the length of the vascular pedicle and mesenteric 
area was significantly correlated with total LN counts and, conse-
quently, LN retrieval’s adequacy following colon cancer surgery. 
The colonic mesenteric area can be used alone as a measure for 

the assessment of the nodal yield. Further studies are needed to 
evaluate the clinical use of such measurements in association with 
staging and survival. 
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