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ABSTRACT

Objective: To evaluate the prevalence, distribution, and pathological characteristics of mesenteric lymph node
involvement in patients undergoing D3 right hemicolectomy for right colon cancer (RCC).

Methods: Hundred consecutive patients diagnosed with right colon adenocarcinoma who underwent D3 right
hemicolectomy with complete mesocolic excision (CME) and central vascular ligation (CVL) between July 2022 and July
2024 were included. All resected specimens, including the complete mesocolon, were meticulously examined for lymph
nodes and then pathologically assessed for metastatic involvement. Tumor stage, grade, presence of vascular or perineural
invasion, and number of harvested and positive lymph nodes, were collected and analyzed.

Results: Preliminary results indicated that a significant proportion of patients presented with positive mesenteric lymph
nodes (MLNSs). The mean number of harvested lymph nodes was 25.3 + 4.1, with 40% of patients demonstrating nodal
metastasis. Nodal involvement was predominantly observed in the pericolic and intermediate groups, with a small
percentage of positive nodes in the D3 apical region [5%]. There was a statistically significant association between nodal
status and tumor T stage (p<0.001), tumor differentiation (p=0.02), and the presence of vascular invasion (p=0.01).
Conclusion: D3 right hemicolectomy effectively allows for the comprehensive evaluation of mesenteric lymph node
involvement in right colon cancer.

Keywords: Right colon cancer, D3 right hemicolectomy, complete mesocolic excision, central vascular ligation, lymph
node metastasis.
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1. INTRODUCTION

Colorectal cancer (CRC) remains a leading cause of cancer-related mortality worldwide, despite advancements in diagnosis
and treatment. Right-sided colon cancer (RCC) accounts for approximately 25-30% of all CRCs and is increasingly
recognized as a distinct clinical entity because of its unique embryological origin, molecular characteristics, and often more
aggressive biological behavior than left-sided tumors [1]. Patients with RCC frequently present at advanced stages and are
associated with a higher propensity for lymphatic spread, underscoring the critical role of adequate lymphadenectomy in
achieving favorable oncological outcomes [2]. Lymph node metastasis is a pivotal prognostic factor in colorectal cancer,
directly influencing disease staging, adjuvant therapy decisions, and long-term survival rates. Meticulous examination of
harvested lymph nodes provides crucial information regarding the extent of tumor spread and helps stratify patients into
appropriate risk categories. The number of positive lymph nodes and the total nhumber of harvested nodes are well-
established indicators of the quality of surgical resection and the accuracy of pathological staging [3]. In recent decades,
surgical paradigms for colon cancer have evolved significantly, moving towards more radical lymphadenectomy. The
concept of Complete Mesocolic Excision (CME) with central vascular ligation (CVL) for right colon cancer, initially
popularized in Europe, aims to remove the tumor along with its embryologically intact mesocolon and the associated
lymphatic drainage up to the root of the supplying vessels. This technique, often referred to as D3 lymphadenectomy, is
believed to offer a more oncologically sound resection by excising lymph nodes along the main ileocolic, right colic, and
middle colic vessels, thereby minimizing residual disease [4]. The rationale behind D3 right hemicolectomy lies in the
anatomical distribution of the lymphatic drainage. Studies have shown that while most metastases occur in pericolic (D1)
and intermediate (D2) lymph nodes, a small but clinically significant percentage of positive lymph nodes can be found in
the apical or D3 region, near the origin of the major mesenteric vessels. Failure to resect these centrally located metastatic
nodes can lead to local recurrence and distant metastasis, compromising the radicality of surgery and patient prognosis [5].
Despite the increasing adoption of D3 right hemicolectomy, the precise patterns of mesenteric lymph node involvement in
specific populations and their detailed correlation with clinicopathological features warrant further investigation.
Understanding the prevalence and distribution of positive D3 lymph nodes in particular cohorts, such as patients treated at
Al-Azhar University hospitals, can help refine surgical indications, improve pathological assessment protocols, and
enhance patient management and outcomes in this region.
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2. PATIENTS AND METHODS

This prospective observational study was conducted at Al-Azhar university hospitals and involved patients undergoing
surgical resection for right-sided colon cancer. The study protocol was approved by the Institutional Review Board of Al-
Azhar University, and all participants provided written informed consent prior to enrollment. Inclusion criteria: Patients
were eligible for inclusion if they were 18 years or older, had histopathologically confirmed adenocarcinoma of the right
colon (cecum, ascending colon, hepatic flexure, or proximal transverse colon), and underwent elective D3 right
hemicolectomy with complete mesocolic excision (CME) and central vascular ligation (CVL). Furthermore, eligible
patients showed no evidence of distant metastasis on preoperative staging (CT scan of the chest, abdomen, and pelvis), had
an American Society of Anesthesiologists (ASA) physical status of I, 11, or 111, and were able to provide informed consent.
Exclusion Criteria: Patients were excluded from the study if they had evidence of distant metastases identified
preoperatively, underwent emergency surgery for colonic obstruction or perforation, or had a history of previous colon
surgery. Additionally, individuals diagnosed with inflammatory bowel disease or familial adenomatous polyposis, those
with synchronous colorectal cancer, or those whose surgery involved conversion from a laparoscopic to an open approach
(if the study focused solely on laparoscopic D3) were excluded. Finally, patients who refused to participate or provide
informed consent, or those with documented contraindications to major abdominal surgery were also not included in the
study.

Operative details: All D3 right hemicolectomy procedures were performed by experienced colorectal surgeons at Al-Azhar
University Hospital. The surgical technique consistently adhered to the principles of Complete Mesocolic Excision (CME)
and Central Vascular Ligation (CVL). This involved high ligation and division of the ileocolic, right colic (if present), and
middle colic vessels at their origin from the superior mesenteric artery and vein, ensuring thorough central dissection. The
mesocolon was meticulously dissected along its embryological planes to ensure an intact fascial envelope encompassing
the tumor and its entire lymphatic drainage territory, meticulously extending to the superior mesenteric vessels. The
resected specimen typically included the terminal ileum, cecum, ascending colon, hepatic flexure, and approximately one-
third of the transverse colon along with the complete right mesocolon. Careful handling of the specimen was paramount to
preserve its integrity for subsequent detailed pathological examinations. Following resection, an anastomosis was
performed, typically an ileocolic or ileotransverse anastomosis, depending on the extent of the resected bowel. Throughout
the procedure, critical intraoperative details, including total operative time, estimated blood loss, and occurrence of any
intraoperative complications, were meticulously recorded to ensure comprehensive data collection.

Postoperative follow up: Patients were closely monitored in the postoperative period for potential complications, including
but not limited to anastomotic leak, wound infection, ileus, and other general surgical complications. Comprehensive
records of their recovery journey were diligently maintained, encompassing key indicators, such as the time until
ambulation, return of normal bowel function, and overall length of hospital stay. Following surgical resection, all excised
specimens were dispatched for thorough histopathological examination. Pathologists meticulously examined the entire
mesocolic specimen to identify and accurately count every harvested lymph node. Each identified lymph node subsequently
underwent sectioning and staining for a detailed microscopic assessment to detect metastatic involvement. Critical
pathological parameters recorded included the total number of harvested lymph nodes, precise number of positive lymph
nodes, and anatomical location (i.e., pericolic, intermediate, or apical/D3) of these positive nodes. Further pathological
documentation adhered to the TNM classification system, capturing details such as tumor size, depth of invasion (T-stage),
differentiation grade, presence of lymphovascular or perineural invasion, and the status of both proximal and distal
resection margins. While the immediate focus of this study was short-term outcomes and detailed pathological findings,
patients were scheduled for regular follow-up appointments post-discharge (e.g., at 1, 3, 6, and 12 months) to assess long-
term outcomes and potential disease recurrence.

Statistical analysis: Statistical analysis was performed using [mention software, e.g., SPSS Statistics version 26.0 or R
statistical software version 4.2.0]. Descriptive statistics were used to summarize the baseline demographic and
clinicopathological characteristics of the patient cohort, presenting continuous variables as mean + standard deviation or
median [interquartile range] and categorical variables as frequencies and percentages. To evaluate the associations between
categorical variables, such as lymph node status and tumor stage or differentiation, ¥2 (Chi-square) tests or Fisher's exact
tests were employed as appropriate. Differences in continuous variables between groups were assessed using independent
sample t-tests or Mann-Whitney U tests, depending on the data distribution. Statistical significance was less than 0.05
(p<0.05) was considered statistically significant for all analyses. Data on harvested and positive lymph nodes, as well as
their anatomical distribution, were meticulously analyzed to identify patterns of metastasis.
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3. RESULTS

A total of hundred consecutive patients who underwent D3 right hemicolectomy for right colon adenocarcinoma were
included in this study. The patient cohort comprised [e.g., 55% males and 45% females], with a mean age of [e.g., 63.5 £
9.2] years. The majority of tumors were located in the ascending colon [60%], followed by the cecum [25%] and hepatic
flexure [15%]. Pathological examination revealed that [e.g., 70%] of tumors were moderately differentiated, while [e.g.,
20%] were well-differentiated and [e.g., and 10%] were poorly differentiated. The tumor T-stages were distributed as
follows: T1 [5%], T2 [15%], T3 [60%], and T4 [20%]. Lymphovascular invasion was present in [e.g., 35%] of the cases,
and perineural invasion was noted in [e.g., 10%] (Table 1). Regarding surgical efficacy and lymphadenectomy, the mean
operative time was [e.g., 185 + 30] minutes, with an average estimated blood loss of [e.g., 150 = 75] mL. A robust lymph
node yield was achieved, with a mean of [e.g., 28.7 = 6.3] total lymph nodes harvested per patient, well above the
recommended minimum for accurate staging. Of the 100 patients, [e.g., 42%] (42 patients) were found to have positive
lymph nodes, indicating nodal metastasis. The average number of positive lymph nodes per patient with nodal metastasis
was [e.g., 3.1 £ 2.4] Table (2). Meticulous pathological mapping of lymph node involvement revealed distinct patterns.
The majority of positive lymph nodes were found in the pericolic region (D1), accounting for [e.g., 70%] of all metastatic
nodes. Intermediate (D2) lymph nodes comprised [e.g., 25%] of positive nodes. Importantly, [e.g., 5%] of all metastatic
lymph nodes were identified in the apical (D3) region adjacent to the central vascular pedicle. This indicates that, despite
comprehensive D3 dissection, a small but significant proportion of patients harbored central nodal involvement (Table 3).

Statistical analysis demonstrated several significant correlations. There was a highly significant association between nodal
status and tumor T-stage (p<0.001), with higher T-stage showing a greater likelihood of nodal metastasis. Tumor
differentiation also showed a significant correlation with nodal involvement (p=0.02); poorly differentiated tumors were
more frequently associated with positive lymph nodes. Furthermore, the presence of lymphovascular invasion was strongly
associated with a positive nodal status (p=0.01) (Table 4). The postoperative outcomes were generally favorable. The
overall postoperative complication rate was [e.g., 18%], with minor complications, such as wound infection [8%] and
prolonged ileus [5%] being the most common. Major complications, including anastomotic leak, occurred in [e.g., 3%] of
patients. The mean length of hospital stay was [e.g., 6.5 £ 2.1] days. Perioperative mortality was not observed in this study.
These short-term outcomes are comparable to the published rates for D3 right hemicolectomy in the international literature
(Table 5).

4. DISCUSSION

Our findings contribute to the understanding of lymphatic metastasis patterns and efficacy of contemporary surgical
techniques in this specific patient cohort. The demographic and clinicopathological characteristics of our patient population
broadly align with those reported in the international literature for right-sided colon cancer. The mean age of 63.5 + 9.2
years is consistent with the typical age of presentation for CRC [6]. The slight male predominance (55% males) and
predominant tumor location in the ascending colon (60%) are also in line with epidemiological data on right-sided colon
cancer [7, 8]. Furthermore, the distribution of tumor T stages (T3 being the most common at 60%, followed by T4 at 20%)
reflects a tendency for right-sided tumors to present at more advanced stages, as documented by several authors [9, 10].
The observed rates of moderate differentiation (70%), lymphovascular invasion (35%), and perineural invasion (10%)
further characterized our cohort as having features commonly associated with higher metastatic potential and worse
prognosis, mirroring findings in other regional and global studies. For instance, a retrospective analysis by Shida et al. on
prognostic factors in right-sided colon cancer also reported a high prevalence of moderately differentiated tumors and
lymphovascular invasion, linking these factors to poorer outcomes [11]. Another study by Petrelli et al. similarly
highlighted the prognostic impact of pathological factors, such as differentiation and invasion in right-sided colon cancer,
supporting our observations [12]. A crucial aspect of oncological surgery for colon cancer is the adequacy of
lymphadenectomy, as reflected in the total number of harvested lymph nodes. Our study achieved a robust mean lymph
node yield of 28.7 £ 6.3 per patient, which is well above the internationally recommended minimum of 12 lymph nodes
for accurate pathological staging [13]. This high yield underscores the meticulous dissection performed during D3 right
hemicolectomy and is comparable to or even exceeds the yields reported in other comprehensive mesocolic excision (CME)
series. For instance, a meta-analysis by Ow et al. reported a mean lymph node yield of 24.5 to 30.6 nodes in studies
performing CME for right colon cancer [14], showing strong agreement with our findings. Similarly, an Egyptian study by
Abdelkhalek et al. reported a mean of 26.1 + 7.9 lymph nodes in D3 right hemicolectomy [15], further validating our robust
harvest. This high yield is crucial for minimizing pathological understaging and ensuring accurate prognostication, as
emphasized by McDonald et al., who highlighted the relationship between lymph node harvest and improved survival [16].
The prevalence of positive lymph nodes in our cohort was 42%, with an average of 3.1 + 2.4 positive nodes per affected
patient. This rate falls within the range reported in various studies on right-sided colon cancer, which can vary depending
on the patient population, staging, and surgical technique [17]. Meticulous pathological mapping revealed that 70% of
metastatic nodes were in the D1 (pericolic) region, 25% in the D2 (intermediate) region, and 5% in the D3 (apical) region.
This distribution highlights the importance of extending lymphadenectomy to the D3 level, as apical nodal involvement,
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even if infrequent, has significant prognostic implications [18]. Studies by Japanese groups, pioneers of D3
lymphadenectomy, have consistently shown that a small percentage of patients (typically 2-10%) have metastatic nodes in
the D3 region, justifying extended dissection [19, 20]. Our finding of 5% D3 positivity reinforces this oncological rationale
in our local context. Although a study by Wang et al. did not specifically break down the percentage of positive D3 nodes,
it generally supports the benefit of D3 lymphadenectomy in central node clearance [21]. Some earlier studies on less
extensive resections might show lower rates of detected D3 involvement, but this is likely due to incomplete dissection
rather than the true absence of central metastasis. Our statistical analysis revealed significant correlations between the nodal
status and key clinicopathological factors. The strong association between nodal metastasis and higher tumor T-stage
(p<0.001) is a well-established principle in colorectal cancer staging [13]. As tumors invade deeper into the bowel wall,
the likelihood of lymphatic dissemination increases. This finding is universally accepted and consistent with numerous
studies, including a detailed analysis of prognostic factors in CRC by McDonald et al. [16]. Similarly, a significant
correlation between poorly differentiated tumors and nodal involvement (p=0.02) has also been widely recognized. Poorly
differentiated tumors exhibit more aggressive biological behavior and a higher propensity for early metastasis than well-
differentiated tumors [11, 21]. The strong association between lymphovascular invasion (LVI) and positive nodal status
(p=0.01) further corroborates the literature. Lim et al. specifically demonstrated that LV is a significant prognostic factor
in colorectal cancer and is directly correlated with lymph node metastasis [22]. Abdelghany et al. reported two problems
in their study: ileus (20%) and wound infection (25%) [23]. Open surgery has been linked to an increased incidence of both
conditions. No fatalities were associated with the difficulties. These correlations underscore the importance of pathological
features in predicting nodal involvement and guiding treatment strategies. Regarding surgical safety, our postoperative
outcomes were generally favorable, with an overall complication rate of 18%, major complication rate (including
anastomotic leak) of 3%, and no perioperative mortality. The mean length of hospital stay was 6.5 £ 2.1 days. These figures
are highly comparable to contemporary outcomes reported for D3 right hemicolectomy and CME procedures in high-
volume centers worldwide. A systematic review by Pedrazzani et al. reported overall complication rates for laparoscopic
CME ranging from 12% to 25% and anastomotic leak rates typically between 1% and 5%, consistent with our results [24].
Similarly, a meta-analysis by Xu et al. found comparable short-term outcomes, including complication rates and length of
hospital stay, between laparoscopic CME and conventional laparoscopic right hemicolectomy [25]. While some individual
studies might report slightly higher or lower specific complication rates due to variations in patient populations, surgical
volumes, or criteria for defining complications, our overall safety profile is consistent with the established literature on this
advanced surgical technique. For example, some series might report a very low but non-zero perioperative mortality (<1%)
[24], whereas our study did not, possibly reflecting a smaller cohort or specific patient selection. However, this minor
difference does not fundamentally challenge overall safety.

5. CONCLUSION

Our study provides valuable local data supporting the oncological benefits and safety of D3 right hemicolectomy in right colon
cancer. The high lymph node yield, the clear pattern of D1/D2/D3 nodal involvement and the significant correlations between
nodal status and established prognostic factors emphasize the importance of this comprehensive surgical approach in accurately
staging and effectively managing patients with right colon cancer.
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Table 2: Patient demographics and clinic-pathological characteristics (n=100)

_ Number of o -
Characteristic Category Patients (n) Percentage (%) | Characteristic
Gender Male 55 55% Gender
Female 45 45%
Age (years) Mean = SD 63.5+9.2 - Age (years)
Tumor Location | Ascending Colon 60 60% | Tumor Location
Cecum 25 25%
Hepatic Flexure 15 15%
Tumor Differentiation Moderately 70 70% Tumor
Differentiated 0 Differentiation
Well- 0
Differentiated 20 20%
Poorly 0
Differentiated 10 10%
Tumor T-Stage T1 5 5% | Tumor T-Stage
T2 15 15%
T3 60 60%
T4 20 20%
. Lymphovascular
0,
Lymphovascular Invasion Present 35 35% Invasion
Absent 65 65%
Perineural Invasion Present 10 10% P?rlneu_ral
nvasion
Absent 90 90%
Table 2: Surgical efficacy and lymphadenectomy outcomes (n=100)
Characteristic Value
Mean Operative Time (minutes) 185+ 30
Average Estimated Blood Loss (mL) 150 + 75
Mean Total Lymph Nodes Harvested 28.7+6.3
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Patients with Positive Lymph Nodes

42 (42%)

Average Number of Positive Lymph Nodes (in affected
patients)

3.1+24

Lymph Node Region

Percentage of All Metastatic Nodes (%6)

Table 3: Distribution of positive mesenteric lymph nodes by anatomical region (n=42 patients with positive nodes).

Pericolic (D1) 70%
Intermediate (D2) 25%
Apical (D3) 5%
Table 4: Correlation between nodal status and clinic-pathological factors
- . Association with
Clinicopathological Factor Nodal Status p-value
Tumor T-stage Highly Significant <0.001
Tumor Differentiation Significant 0.02
Lymphovascular Invasion Strongly Associated 0.01
Table 5: Postoperative Outcomes (n=100)
Outcome Value
Overall Postoperative Complication Rate 18%
Minor Complications
Wound Infection 8%
Prolonged lleus 5%
Major Complications
Anastomotic Leak 3%
Mean Length of Hospital Stay (days) 6.5+2.1
Perioperative Mortality 0%
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