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Within the intricate field of rectal cancer surgery, the contentious debate over the optimal level of ligation of the inferior
mesenteric artery (IMA) persists as an ongoing discussion, influencing surgical approaches and patient outcomes.
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| 1. Technical Level

Anastomotic leakage (AL) stands out as one of the most severe complications following rectal cancer surgery, leading to
elevated rates of morbidity and mortality, resulting in prolonged hospitalization and increased medical costs 2
Surgeons face the challenge of balancing technical considerations, such as ensuring adequate blood flow and minimizing
tension at the anastomosis to reduce the risk of anastomotic leaks, all while adhering to oncologic principles.

In the era of minimally invasive surgery, a growing preference has emerged among surgeons regarding the level of IMA
ligation, with 91% opting for HTL, with only 9% choosing LTL BIHIBIEIAEINAAMLLALSIL4]  This choice is frequently
motivated by the straightforward execution of high ligation once access to the sigmoid mesentery has been established.

When the IMA is ligated at its origin, the blood supply to the left colon relies on blood flow from the superior mesenteric
artery via the middle colic artery, which provides the marginal artery of Drummond and the arc of Riolan 2218l However, it
is noteworthy that Gourley and Gering 4 have reported the potential absence of the marginal artery in a subset of
patients, ranging from 4% to 20%. For individuals with this anatomical variation, there is a theoretically increased risk of
insufficient blood flow to the proximal part of the anastomosis, potentially leading to anastomotic leakage. Additionally,
older individuals with atherosclerotic arteries and cardiovascular disease may experience a postsurgery drop in systemic
blood pressure. In such cases, the blood pressure in the marginal artery may not be sufficient to sustain proper blood flow
to the colon limb, even though the vascular system naturally regulates blood flow 121819 | these contexts, the ligation
of the superior rectal artery (SRA) could represent a strategic and personalized approach to mitigate the inherent risk
associated with these conditions. Existing studies have consistently revealed that there is no significant difference in AL
rates between the use of HTL and LTL methods. A retrospective review conducted in Sweden from 2007 to 2009, involving
2023 rectal cancer patients, established that AL rates remained comparable irrespective of the ligation approach 29,
Moreover, a Japanese prospective randomized controlled trial, led by Fujii S. et al. 2, focusing on patients undergoing
low anterior resection (LAR) for rectal cancer, indicated that the level of ligation did not determine a substantial impact on
AL rates, although the trial was halted prematurely due to slowing enroliment. These findings were further substantiated in
a systematic review conducted by Cirocchi R. et al. in 2012 22, comparing IMA and SRA ligation methods. A recent meta-
analysis by Yang Y et al. in 2018 [231 and Hajibandeh S. et al. [24 additionally affirmed the absence of significant
differences in AL rates or the total number of harvested lymph nodes in patients undergoing rectal cancer surgery. The
results from the large multi-institutional US Rectal Cancer Consortium (USRCC), on 877 rectal cancer patients who
underwent LAR or abdominoperineal resection (APR), confirmed that the ligation method was not associated with AL (OR
= 1.82 (95% ClI, 0.48-6.92); p = 0.38), contrary to female sex and smoking history . Nonetheless, there had been no
clear explanations to support those results, partly due to certain limitations in the study. For instance, the inclusion of
patients treated with both LAR and APR collectively might have contributed to these shortcomings.

In recent years, there has been a growing interest in utilizing infrared fluorescence imaging with indocyanine green (ICG)
to assess the perfusion status in colorectal surgery, aimed at addressing an ongoing debate. Several research studies
have documented that the use of fluorescent angiography with ICG may potentially reduce the rate of AL [221[26][27](28]
Moreover, recent investigations have conducted quantitative analysis of ICG fluorescent imaging, highlighting its
correlation with the risk of anastomosis leakage 2939, |ntriguingly, in a randomized controlled trial [, researchers



conducted a comparative analysis of the colonic perfusion status between the HTL and LTL groups using a quantitative
near-infrared (NIR)-ICG fluorescence perfusion test. The study’s findings revealed that there was no significant difference
in the perfusion intensity, particularly in the F_max, which represents the fluorescence difference between the maximum
and baseline intensity, between the HL and LL groups (0.76 £+ 0.27 vs. 0.80 £ 0.26; p = 0.768, respectively). This suggests
that, after HTL, there may be a delay in perfusion due to the blood supply from the right side, but the overall intensity and
quantity of the perfusion do not seem to objectively depend on the level of IMA ligation. When considering the surgical
technique, it becomes evident that HTL involves removing a substantial portion of the sigmoid colon during rectal
resection, necessitating the use of the descending colon for anastomosis. Given this context, it is imperative to
underscore the significance of yet another crucial maneuver, which is the ligation of the inferior mesenteric vein (IMV). It is
a key factor for ensuring a tension-free creation of a low colorectal or coloanal anastomosis BY. Scientific evidence is
supported by a study conducted on 13 adult fresh cadavers showing that the increase in the colon length following IMV
ligation exceeded the length obtained with low IMA ligation, high IMA ligation, and high IMA ligation in combination with
splenic flexure mobilization (p < 0.0001) B2, Similarly, Girard E et al. B also demonstrated, on embalmed anatomical
specimens, that, in 80% of cases, arterial ligation did not allow length gain when not accompanied by the IMV section,
regardless of the level. Several authors have attempted to also assign an oncological role to this procedure, asserting that
it can substantially increase the number of resected lymph nodes along the root of the IMV, potentially influencing both the
survival and the local recurrence rate 23134, However, the published data have shown contrasting results, likely due to the
heterogeneity in the patient population, leaving the oncological significance of the IMV ligation uncertain B2E8l Only one
recent multicenter randomized controlled trial explored the effects of an extended lymphadenectomy in sigmoid colon
cancer B8, Their findings indicated that including the lymphatic area around the IMV did not result in a higher total node
count or a greater detection of positive nodes. Furthermore, it did not lead to improvements in disease-free survival (DFS)
or overall survival (OS). Notably, the median number of lymph nodes extracted from the additional tissue surrounding the
IMV in the extended lymphadenectomy group was just one. In conclusion, it seems that the HTL of the IMA is primarily
justified from a technical perspective for surgeons and is predominantly based on non-oncological considerations. The
HTL of the IMA, when combined with the high ligation of the IMV, can be performed safely and, in comparison to LTL,
offers an additional length that can be essential for achieving a tension-free low colorectal or coloanal anastomosis.

| 2. Quality of Life Level

In the contemporary healthcare landscape, researchers are observing a shift away from the traditional disease-focused
model to a patient-centered approach B4, This transition emphasizes the growing importance of patient-centered
assessments, which include key measures like QoL as integral indicators of intervention outcomes. This multidimensional
assessment becomes even more relevant in the context of rectal cancer surgery, given the distinct challenges posed by
its anatomical location, including issues related to exposure in a narrow pelvis, low intestinal transection, total mesorectal
excision (TME), and the intricacies of nerve-sparing techniques 2829l Furthermore, these distinctive complexities make it
challenging to fully understand the specific impact of the arterial ligation level on the genitourinary (GU) function [22[41][42]
43l The para-aortic trunks are derived from the mesenteric plexus and follow a descending course along the aorta,
ultimately converging to constitute the superior hypogastric plexus. Hence, in the cases of HTL, it becomes imperative to
meticulously identify the optimal ligation point of the IMA to mitigate the risk of autonomic nerve injury during rectal cancer
surgery 43l Notwithstanding, post rectal surgery urinary dysfunctions are documented to affect up to 30% of patients, and
over half of them also experience sexual dysfunction #4145l These issues, even if not often discussed in clinical practice,
collectively contribute to a negative impact on the patients’ quality of life #4. From an anatomical standpoint, there are
ongoing divergences in perspectives concerning the relationship between the chosen level of IMA ligation and the
resulting impact on autonomous nerve integrity. While some authors assert that the safest point for ligation of the IMA is
its origin, others argue that, due to the complex and intricate extension of the inferior mesenteric plexus around the IMA’s
origin, and for the initial tract from the aortic plane, an HTL might more easily lead to sympathetic nerve injury 4eI47][48],
From a clinical perspective, the literature presents an even more confusing picture. Previous studies investigating GU
function outcomes have not definitively demonstrated the superiority of a specific approach to IMA ligation, primarily due
to the absence of well-designed RCTs, the heterogeneity found in retrospective reports, and the reliance on patient
questionnaires as the sole method of assessment [L4ILSI22/49N5051 | thejr 2012 meta-analysis, Cirocchi et al. (22
compared HTL versus LTL in LAR, revealing the need for a well-designed randomized controlled trial (RCT) to further
clarify the outcomes. Subsequently, in a more recent study, they found similar postoperative urinary retention rates
between the two ligation groups, emphasizing that such retention is typically not nerve-related but rather associated with
bladder sphincter paralysis 2. Surprisingly, the analysis indicated a favorable postoperative urinary incontinence rate in
the HTL group, while the LTL group exhibited better preservation of male sexual function. Notably, the study’s limitation
lies in a small sample size, and the lack of data on QoL outcomes for female patients undergoing rectal resection with
different ligation techniques underscores the need for further research. Mari G et al. 42 aimed to address the literature



gap with the HIGHLOW trial, an RCT comparing the incidence of GU dysfunction through standardized survey evaluation,
and uroflowmetric examination in 214 patients undergoing elective laparoscopic LAR and TME. The LTL group exhibited
significant postoperative improvements, reporting enhanced continence, reduced obstructive urinary symptoms, and an
overall improved QoL. Additionally, sexual function was better preserved in the LTL group compared to the HTL group at
the same postoperative interval. While these findings suggest that the LTL technique is associated with superior GU and
sexual function outcomes, the study acknowledges limitations, such as the nonhomogeneous tumor stage distribution,
inadequate statistical power for female patients, and challenges posed by the small sample sizes. Consequently, cautious
interpretation is advised, and the authors emphasize the imperative for further research to address these limitations and
provide a more comprehensive understanding of the observed outcomes. The regulation of the GU function is intricately
influenced by several factors, including the posterior tilting of the bladder following rectal surgery, inflammation of
paravesical tissues, neoadjuvant chemoradiation therapies, tumor size, and the presence of lymph node metastases 44
(4310531541 This complexity poses challenges in isolating and precisely evaluating the specific determinants impacting the
GU function, although intraoperative injury to pelvic autonomic nerves emerges as a primary causative factor. Moreover,
pelvic nerve injuries may manifest at different stages throughout LAR with TME, encompassing not only the critical point
of IMA ligation but also specific pivotal moments within TME and during perineal dissection 23, This underscores the
significance of considering the entire surgical procedure in assessing the risk and occurrence of pelvic nerve injuries.
While the dissection of pelvic nerves presents technical challenges, the synergistic application of minimally invasive
techniques, fluorescence-guided surgery utilizing dedicated immunostaining, and computerized imaging collectively
enhances the delineation of pelvic organs and clarifies their innervation 581,

| 3. Oncological Level

Over the years, another ongoing debate has centered around the question of whether to tie the IMA at its origin or to opt

for ligating the SRA while preserving the left colic artery to effectively address oncological concerns BZIB8I5960]61](62](63]
[64](65](66] The prospective (but uncontrolled) study conducted by Kanemitsu Y et al. [67 on 1188 patients who underwent
curative treatment for rectal and rectosigmoid junction cancer with HTL of the IMA epitomizes the application of
standardized criteria in accordance with JSCCR'’s classification to define the location of inferior mesenteric lymph nodes.
The primary objective of their study was to assess the potential survival advantages of HTL in patients with metastatic
involvement in specific lymph nodes that would be left behind after LTL procedures. The incidence of metastasis to station
253 nodes, representing residual metastatic nodes that would typically be left behind in an LTL, was notably low at 1.7%
(20 of 1188). These patients exhibited 5-year overall and cancer-specific survival rates of 40% and 42%, respectively,
indicating an enhancement in the long-term survival compared to LTL. Although the routine use of HTL during curative
resections showed relatively modest benefit, with an incidence rate of metastasis at 1.7% and an estimated 0.7% of
patients likely to achieve cure through HTL of the IMA, the rationale behind HTL remained intact. Additionally, the
negligible operative mortality (0.2%) and morbidity rates (31.5%) confirmed the safety of HTL, reinforcing its applicability
in cases where it aligns with the patient's best management 8. A large Korean retrospective study on 1213 patients who
underwent LAR for stage | to Il rectal cancer reported similar 5-year locoregional recurrence-free survival (RFS) (92% vs.
96%; p = 0.20) and 5-year OS (88% vs. 93%; p = 0.17) for patients who underwent the high- versus low-tie approach £,
From the western perspective, the US Rectal Cancer Consortium (USRCC) examined the impact of IMA ligation on
oncologic outcomes on a total of 877 rectal cancer patients undergoing either LAR or APR. The two different methods,
HTL and LTL, showed equivalent results in terms of lymph node harvest adequacy (median, 15 (12-19) vs. 15 (13-20), p
= 0.38), locoregional 5-year RFS (87% vs. 90%; p = 0.456), and 5-year RFS (85% vs. 82%; p = 0.326), respectively &I,
More recently, Mari G et al. X% published updated results from the HIGHLOW trial, aimed at reporting the 5-year oncologic
outcomes of 196 patients who underwent LAR + TME with either an HTL or LTL of the IMA. The study found no significant
differences in the distant recurrence rate (15.8% vs. 18.9%; p = 0.970), pelvic recurrence rate (4.9% vs. 3.2%; p = 0.843),
5-year OS (80.8% vs. 81.9%; p = 0.545), and DFS (79.2% vs. 78%; p = 0.985) between the HTL and LTL, respectively
[79, pespite its randomized controlled design, the study exhibits several limitations, particularly in terms of the potential
influence of preoperative treatments and the precise documentation of the locations of local or distant recurrence within
both the HTL and LTL groups 7. Additionally, since the sample size calculation was primarily tailored for evaluating GU
rather than oncological outcomes, the study may be underpowered. The imperative for an ad hoc randomized study, with
a larger sample size tailored on the oncological outcomes, coupled with the need to address intersurgeon variabilities, is
evident for achieving statistically significant results in this context. Other studies have explored this question, and despite
being summarized in various systematic reviews and meta-analyses, a conclusive answer is still elusive [2H[221[23][52][72][73]

[A7s)[76)77I[781[79](80]  Moreover, primary research studies face various limiting factors, including missing data, a low
sample size, and inadequate comparisons that combine rectosigmoid cancers with true rectal cancers. Additionally, there
may be issues with the assessment and follow-up procedures. Consequently, it is not surprising that systematic reviews
and meta-analyses produce conflicting results. One may not detect significant differences in oncological outcomes while



another, published a year later, may show the opposite. While systematic reviews and meta-analyses are considered the
apex of the pyramid of the evidence hierarchy, their reliability is compromised if they are based on weak foundations;
namely, primary studies. Just like the most perfectly structured geometrical shape will collapse if its underlying pillars are
inherently weak, the validity of these reviews and analyses is jeopardized when built upon less-robust primary research.
For these reasons, another systematic review or meta-analysis would not be able to add anything more to the current
literature. Anyway, one of the most meticulously designed and executed studies, particularly from a methodological
standpoint, rarely cited and included in systematic reviews and meta-analyses, is a retrospective Swedish population-
based cohort study [BL. This aimed to investigate the impact of high tie on the survival and cancer recurrence after rectal
cancer surgery on a total of 8287 patients who underwent rectal cancer resection in Sweden from 2007 to 2014. It
employed contemporary epidemiological and statistical methods, along with a sufficiently large sample size to draw
conclusions even from negative results. Eligible patients were identified from the Swedish Colorectal Cancer Registry,
known for its >97% coverage of rectal cancer patients in Sweden and its comprehensive information on patient
characteristics, intraoperative data, postoperative course, pathological assessment, oncological treatment, and other
relevant data 82, After propensity score matching, performed to adjust for potential confounding factors and emulate a
randomized trial, 2907 patients were selected for each group. Interestingly, there was no association found between the
level of the tie and locoregional (HR 0.85, 95% CI 0.59-1.23) or distant (HR 1.01, 95% CI 0.88-1.15) recurrence, nor with
cancer-specific (HR 0.92, 95% CI 0.79-1.07) or overall (HR 0.98, 95% CI 0.89-1.08) survival. Additionally, adjuvant
chemotherapy did not significantly affect the result regarding cancer-specific survival (HR 0.93, 95% CI 0.81-1.08),
suggesting no residual confounding. Surprisingly, already 40 years ago in 1984, Nicholls J. obtained similar results,
asserting that HTL of the IMA does not enhance the survival of patients with rectal and rectosigmoid cancer . The
conclusion of that study, stating “While most surgeons performing these operations tended to favor one type of ligation
over the other, the possibility of some selection cannot be ruled out...”, seems to foreshadow the conclusions stated by
Bostrom P et al. in 2019, “...the level of vascular tie can be determined by the patient's anatomical configuration and the
surgeon’s preference, rather than on oncological concerns”.
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