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Abstract
Objective  The aim of this systematic review and meta-analysis is to summarize the current scientific evidence regarding 
the impact of the level of inferior mesenteric artery (IMA) ligation on post-operative and oncological outcomes in rectal 
cancer surgery.
Methods  We conducted a systematic review of the literature up to 06 September 2022. Included were RCTs that compared 
patients who underwent high (HL) vs. anterior (LL) IMA ligation for resection of rectal cancer. The literature search was 
performed on Medline/PubMed, Scopus, and the Web of Science without any language restrictions. The primary endpoint 
was overall anastomotic leakage (AL). Secondary endpoints were oncological outcomes, intraoperative complications, 
urogenital functional outcomes, and length of hospital stay.
Results  Eleven RCTs (1331 patients) were included. The overall rate of AL was lower in the LL group, but the difference 
was not statistically significant (RR 1.43, 95% CI 0.95 to 2.96). The overall number of harvested lymph nodes was higher 
in the LL group, but the difference was not statistically significant (MD 0.93, 95% CI − 2.21 to 0.34). The number of lymph 
nodes harvested was assessed in 256 patients, and all had a laparoscopic procedure. The number of lymph nodes was higher 
when LL was associated with lymphadenectomy of the vascular root than when IMA was ligated at its origin, but there the 
difference was not statistically significant (MD − 0.37, 95% CI − 1.00 to 0.26). Overall survival at 5 years was slightly better 
in the LL group, but the difference was not statistically significant (RR 0.98, 95% CI 0.93 to 1.05). Disease-free survival 
at 5 years was higher in the LL group, but the difference was not statistically significant (RR 0.97, 95% CI 0.89 to 1.04).
Conclusions  There is no evidence to support HL or LL according to results in terms of AL or oncologic outcome. Moreover, 
there is not enough evidence to determine the impact of the level of IMA ligation on functional outcomes. The level of IMA 
ligation should be chosen case by case based on expected functional and oncological outcomes.
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Introduction

Rectal cancer remains one of the most common gastrointes-
tinal malignancies, and its prevalence is likely to increase 
in the near future [1]. Many patients diagnosed with rectal 
cancer undergo low anterior resection (AR) or abdomino-
perineal excision (APE) of the rectum [2]. There is wide-
spread surgical consensus on the essential role of achieving 
an intact excision of the mesorectum with adequate, clear 
circumferential and longitudinal margins [3]. These criteria 
have a direct impact on overall survival (OS) and disease-
free survival (DFS) [3]. The same level of consensus is 
yet to be reached regarding proximal or distal ligation of 
the inferior mesenteric artery (IMA) during these surgical 
procedures, mainly because of the technical and functional 
implications that this ligation entails. The optimal level of 
ligation of the IMA during reconstructive surgery for rectal 
cancer remains a topic of discussion and debate.

During rectal resection, the IMA can be ligated proximally 
(high ligation) or distally to the left colic artery (low ligation), 
but the impact of the level of ligation of the IMA in terms of 
post-operative complications and oncological results is still 
an important dilemma and has given rise to several protocols 
[4–9], meta-analyses, and prompted specific recommendations 
by international societies [10–12]. Also, our previous review [9] 
did not allow definitive conclusions on the optimal level of IMA 
ligation in colorectal cancer surgery due to the poor quality and 
high heterogeneity among the comparative studies available in 
the literature at that time. No significant difference has been 
found between high and low ligation in regard to surgical com-
plications and short-term oncological outcomes [13–16], but 
data regarding functional outcomes, in particular the genitouri-
nary system, and long-term oncological results are still lacking.

The debate between high and low ligatures of IMA is not 
new; however, whereas earlier systematic reviews and meta-
analyses were primarily based on observational compara-
tive studies, recently published reports have only included a 
small number of RCTs and have only analyzed oncological 
or functional outcomes. Even though during the last 5 years 
many systematic reviews and meta-analyses were published 
on this topic, recently the results of numerous RCTs were 
made available in the literature, so we compiled the most 
recent scientific evidence regarding the influence of the 
level of IMA ligation on post-operative and oncological 
outcomes in rectal cancer surgery.

Materials and methods

The study protocol for this systematic review and meta-
analysis (CRD42021241774) was registered with the PROS-
PERO database (http://​www.​crd.​york.​ac.​uk/​prosp​ero).

We conducted a systematic review of the literature up 
to 06 September 2022 according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [17] (Fig. 1).

All studies included in this systematic review were rand-
omized clinical trials (RCTs) that compared patients who under-
went high vs. low IMA ligation during resection for rectal cancer. 
Patients treated with abdomino-perineal excision of the rectum 
were excluded; only patients undergoing AR were selected.

Our comprehensive search of the literature was per-
formed by analyzing Medline/PubMed, Scopus, and the 
Web of Science (Web of Science Category: Surgery and 
Oncology) databases without any language restrictions.

The references of all included studies were hand-screened 
to identify any studies missed during the initial search.

In Medline/PubMed, the combinations of the following 
MeSH terms were used: “ligation” AND “high” OR “low” 
AND “inferior mesenteric artery” AND “surgery.”

The SCOPUS search strategy included ligation AND “infe-
rior mesenteric artery” AND “high” OR “low” AND surgery.

The WoS search terms were “ligation” AND “inferior 
mesenteric artery.”

The “related articles” function from PubMed was used 
to broaden the search, and the reference lists of all eligi-
ble studies were reviewed. To minimize the retrieval bias, a 
manual search was performed through the Google Scholar 
database. A search for ongoing clinical trials was performed 
on ClinicalTrials.gov. Unpublished data was excluded.

Two authors (RC and FM) evaluated the titles and abstracts 
of all articles included in the search. Subsequently, the com-
plete text of these studies was evaluated, and the following 
information was collected: year of publication, study design, 
inclusion criteria, exclusion criteria, and outcomes. The pri-
mary endpoint was overall anastomotic leakage (AL) analysis.

Secondary endpoints were an overall number of harvested 
lymph nodes, number of vascular root lymph nodes, 5-year 
overall survival (OS) (rate) and 5-year disease-free survival 
(DFS) (rate) laparoscopic-to-open conversion rate, operative 
time (minutes), estimated operative blood loss (ml), urinary 
retention rate, sexual dysfunction rate (on the basis of the 
International Index of Erectile Function (IIEF) score 9 months 
after rectal resection), and duration of hospital stay (days).

Dichotomous variables were expressed by risk ratios (RR, 
with the HL as the “exposure” criterium in the RR calcula-
tion), while continuous variables were expressed by weighted 
mean differences (WMD). Meta-analyses were performed 
with the randomized Mantel–Haenszel method (random 
effect). All results were reported as a forest plot. Heterogene-
ity was analyzed with the I2 statistic and Cochrane’s. Data 
analysis was performed using Review Manager meta-anal-
ysis software (RevMan) v. 5.4.1 (Copenhagen: The Nordic 
Cochrane Centre, The Cochrane Collaboration, 2018).

http://www.crd.york.ac.uk/prospero
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The risk of bias in the included studies was evalu-
ated by two authors (FM and FB) according to the RoB 
2 revised tool for assessing the risk of bias in RCTs [18].

Results

As indicated in the PRISMA flowchart (Fig. 1), the initial 
search produced 790 potentially relevant articles. After 
screening the titles and abstracts, we evaluated the full text of 
27 articles: 14 articles were not randomized studies [19–32], 
consequently they were eliminated, and in the remaining 
13 articles [33–45], four papers reported the results for the 
same two RCTs, in particular the HTLT trial [35, 36] and 
the HIGHLOW trial [37, 40]. Therefore, eleven RCTs were 
included in this systematic review and meta-analysis.

Study characteristics

The study enrollment period ranged from 2006 [35] to 2018 
[33]; the sample size ranged between 46 [34] and 331 [35] 
patients. Eight studies were performed in Asia (1006 patients, 
73%), including seven from China (675 patients) and one from 
Japan (331 patients). Three studies were performed in Europe 
(372 patients, 27%), including two conducted in Italy (242 
patients) and one in Poland (130 patients). The pooled data 
included 1331 patients (range per study: 10–1100 patients) 
who were planned to receive either high IMA ligation (HL, 
666 patients) or low IMA ligation (LL, 665 patients). A total 
of 1143/1331 (85.8%) patients underwent laparoscopic rectal 
resection (1143 patients), while 88 had an open rectal resec-
tion. Data on the modality of surgical access was not available 
for 100 patients (Table 1).

Fig. 1   PRISMA flow diagram 
of systematic review. *Consider, 
if feasible to do so, reporting 
the number of records identified 
from each database or register 
searched (rather than the total 
number across all databases/
registers). **If automation 
tools were used, indicate how 
many records were excluded by 
a human and how many were 
excluded by automation tools
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Pooled trials showed no statistically significant differences 
for age, gender, BMI (body mass index), ASA (American Soci-
ety of Anesthesiologists) score, and TNM stage. Among the 
examined studies, patients with stage IV disease were excluded, 
except for four analyses [35, 36, 40, 41]; the other studies 
included only patients with stage I, II, and III disease (Table 2).

Inclusion and exclusion criteria were reported and were referred 
to as having the same characteristics in the various studies.

Quality assessment

The risk of bias for each trial is indicated in SDC2. However, the 
analysis does not report differences in the characteristics between 
the two groups, which might suggest the absence of bias associ-
ated with the randomization process. Blinding of evaluators was 
reported in 3 RCTs [33, 40, 41], while patients were not aware of 
their assigned intervention [38] in only one study.

The overall risk of bias was deemed to be “low” for 4 
RCTs [33, 35, 37, 40] (two of which were referred to the 
same study), showed “some concerns” for 3 RCTs [34, 
40, 41] and was “high” for 1 [38], according to the RoB 2 
revised tool for assessing the risk of bias [18].

Primary outcome

Anastomotic leakage (AL)

All 11 RCTs reported this outcome (participants = 1329). 
Although the overall prevalence of AL was lower in the LL 
group (5.36%, 35/653) when compared to the HL group 
(8.43%, 57/676), the difference was not statistically signifi-
cant (RR 1.43, 95% CI 0.95 to 2.96). I2 presents the inconsist-
ency between the study results and quantifies the proportion 
of observed dispersion due to between-study differences [46]. 
The RR of AL in the subgroup of the eight laparoscopic studies 

(1097 patients) favored LL (4.54%, 23/506, LL vs. 8.17%, 
42/494 HL), but the result was not statistically significant: 1.58 
(95% CI 0.97 to 2.59); on the other hand, the RR of AL for open 
surgery was lower in the HL group (6.06%, 6/99 for HL) vs. 
LL (7.14%, 7/98), but the result was not statistically significant: 
0.84, 95% CI 0.29 to 2.42) (Fig. 2, SDC3).

The funnel plot shows an asymmetrical shape, indicating 
the presence of bias. In the laparoscopic group, the asym-
metrical shape favors LL in the lower-weight RCTs rather 
than higher-weight RCTs.

In three studies, the authors did not report the type and 
grade of AL (277 patients: Niu et al. [42] 3/45 HL vs. 0/52 
LL, Wu [44] 5/50 HL vs. 0/26, Zhou et al. [45] 2/52 HL vs. 
0/52 LL); nine studies (1052 patients) reported grade B or C 
of AL. The analysis of grade B or C of AL (9 studies, 1059 
patients) showed that the risk of AL in HL was higher than in 
LL ((8.89%, 47/529) vs. 6.69%, 35/523) (HL/LL), but the RR 
was not statistically significant (RR 1.31, 95% CI 0.86 to 2.00). 
Although the excluded studies included only laparoscopic rectal 
resections, the new subgroup analysis (6 studies, 755 patients) 
[33–35, 37, 38, 43] did not find any statistically significant dif-
ference (RR 1.40, 95% CI 0.83 to 2.4). The AL rate was 6.11% 
in LL (23/376) vs. 8.7% in HL (33/379).

The risk of judgment bias was unclear for the different 
rates of covering stoma. The presence or absence of a stoma 
was not reported in three studies [33, 43, 44] and was not 
homogeneous in the other studies.

Secondary outcomes

Overall number of harvested lymph nodes

Ten studies reported this outcome (1327 patients: 667 
HL vs. 660 LL). The overall number of harvested lymph 
nodes was higher in the LL group, but the MD was not 

Table 1   Included randomized controlled trials

RCT​, randomized control study
Type of approach: LA, laparoscopic assisted; OA, open access

Author and year of publication Nation Type of study No. of patients included Time of enrolment Type of access Location of cancer

Feng et al. (2021) China RCT​ 95 2016–2018 LA Rectum
Kruszewski et al. (2021) Poland RCT​ 130 2010–2016 OA Rectum
Fiori et al. (2020) Italy RCT​ 46 2013–2019 LA Rectum
Mari et al. (2020–2022) Italy RCT​ 196 2014–2016 LA Rectum
Fujii et al. (2019) Japan RCT​ 331 2006–2012 OA-LA Rectum
Guo et al. (2019) China RCT​ 57 2013 LA Rectum
Matsuda et al. (2017) Japan RCT​ 100 2008–2011 OA-LA Rectum
Niu et al. (2016) China RCT​ 97 2009–2015 LA Rectum
Wang et al. (2015) China RCT​ 128 2012–2013 LA Rectum
Wu (2017) China RCT​ 96 2014–2016 LA Rectum
Zhuo et al. (2018) China RCT​ 102 2015–2016 LA Rectum
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statistically significant (MD 0.93, 95% CI − 2.21 to 0.34). 
The heterogeneity was significantly high: Tau2 = 3.19; 
Chi2 = 85.84; df = 9 (P = 0.00001); I2 = 89% (Fig. 3). The 
funnel plot shows an asymmetrical shape, indicating that 
there was a publication bias [SDC4]; in fact, the results 
of Zhou et al.’s study [45] were quite different from other 
studies; for this reason, we conducted a sensitivity analysis 
to explore the impact of the potential bias associated with 
the study of Zhou et al. [45]. The new forest plot reported 
the same result as the previous analysis; in fact, the num-
ber of harvested lymph nodes was higher in the LL group, 
but the result was not statistically significant (MD 0.26, 
95% CI − 1.12 to 0.59) [SDC5].

The subgroup analysis of the laparoscopic group 
reported the same trends favoring LL, but the results were 
not statistically significant (MD − 1.09, 95% CI − 2.50 to 
0.33); furthermore, the sensitivity analysis of the laparo-
scopic group reported the same result (MD − 0.25, 95% 
CI − 1.19 to 0.69).

Vascular root lymph node harvest

Three studies reported this outcome (participants = 256 
patients), and all patients underwent a laparoscopic pro-
cedure. The number of lymph nodes was higher when LL 
was associated with lymphadenectomy of the vascular 
root than when IMA was ligated at its origin, but the 
difference was not statistically significant (MD − 0.37, 
95% CI − 1.00 to 0.26) [SDC6]. The overall evaluation 
of the risk of bias was “some concern.” The heterogene-
ity was significantly high: Tau2 =  − 0.26; Chi2 = 16.65; 
df = 2 (P = 0.0002); I2 = 88%.

Overall survival at 5 years

Four studies reported this outcome at 5 years (n = 750 
patients). OS was better in the LL group (84%, 310/369) 
compared to the HL group (81.89%, 312/381), but the dif-
ference was not statistically significant (RR 0.98, 95% CI 

Table 2   Characteristics of patients in included studies

Author and year of publication Patients 
enrolled

Age mean (SD) Sex (M/F) BMI mean (SD) ASA (I, II, III, IV) T stage (I, II, III, IV)

Feng 2021 High ligation 47 60.5 ± 10.2 26/21 22.6 ± 2.3 NR TNM: 21, 12, 14, 0
Low ligation 48 59.8 ± 8.9 24/24 22.9 ± 2.7 NR TNM: 25, 13, 10, 0

Kruszewski et al. 
(2021)

High ligation 65 64 ± 9 37/28 27 ± 4 NR TNM (0, I, II, III, IV): 
10, 22, 14, 19, 0

Low ligation 65 65 ± 8.5 34/31 27 ± 4 NR TNM (0, I, II, III, IV): 7, 
16, 18, 24, 0

Fiori et al. (2020) High ligation 22 68 ± 9 12/10 NR 0, 18, 4, 0 TNM: 22, 0, 0, 0
Low ligation 24 68 ± 11 14/10 NR 1, 16, 7, 0 TNM: 24, 0, 0, 0

Mari et al. (2020) High ligation 111 67 ± NR 65/46 26.7 ± 4.6 NR TNM: 44, 25, 39, 3
Low ligation 103 68 ± NR 63/40 26.1 ± 3.9 NR TNM: 60, 21, 19, 3

Fujii et al. (2019) High ligation 107 66 ± NR 68/39 23.1 ± NR 29, 74, 4, 0 TNM (0, I, II, III, IV): 3, 
45, 20, 36, 3

Low ligation 108 66 ± NR 68/40 22.3 ± NR 53, 95, 12, 0 TNM (0, I, II, III, IV): 5, 
43, 20, 36, 4

Guo et al. (2019) High ligation 29 NR NR NR NR NR
Low ligation 28 NR NR NR NR NR

Matsuda et al. (2017) High ligation 51 69 ± NR 33/18 NR NR TNM (0, I, II, III, IV): 
2,7,15,23,4

Low ligation 49 67 ± NR 34/15 NR NR TNM (0, I, II, III, IV): 0, 
17, 17, 13, 2

Niu et al. (2016) High ligation 45 49.9 ± 8.2 25/20 NR NR TNM: 14, 22, 9, 0
Low ligation 52 51.3 ± 6.3 27/24 NR NR TNM: 19, 25, 8, 0

Wang et al. (2015) High ligation 63 56.8 ± 14.2 NR NR NR NR
Low ligation 65 58.6 ± 13.7 NR NR NR NR

Wu (2017) High ligation 50 58.4 ± 9.3 NR NR NR NR
Low ligation 46 59.1 ± 9.1 NR NR NR NR

Zhou et al. (2018) High ligation 52 52.7 ± 12.9 NR NR NR NR
Low ligation 52 53.9 ± 14.5 NR NR NR NR
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0.93 to 1.05) (Fig. 4). The risk of bias was judged as unclear 
as the authors did not define the modality of oncological 
follow-up. Heterogeneity was absent (I2 = 0%). The subgroup 
analysis of the laparoscopic and the open groups reported 
the same trends favoring LL. The funnel plot shows a sym-
metrical shape, indicating that there is no bias [SDC7].

Disease‑free survival at 5 years

Four studies reported this outcome at 5 years (n = 750 
patients). The DFS was higher in the LL group (79.4%, 
293/369) compared to the HL group (76.64%, 292/381), 
but the difference was not statistically significant (RR 0.97, 

Fig. 2   Anastomotic leakage (AL)

Fig. 3   Overall number of har-
vested lymph nodes
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95% CI 0.89 to 1.04) [SDC8]. The risk of bias was judged 
as unclear as the authors did not define the modality of 
oncological follow-up. Heterogeneity was absent (I2 = 0%). 
The subgroup analysis of the laparoscopic and open groups 
reported the same trends favoring LL.

Conversion from laparoscopic to open surgery

Six studies reported this outcome (764 patients underwent 
laparoscopic surgery). The conversion from laparoscopic to 
open surgery rate was lower in the LL group (3.13%, 12/383) 
(RR 1.45, 95% CI 0.62 to 3.38) than in the HL group (4.72%, 
18/381) [SDC9], but the difference was not statistically sig-
nificant. Heterogeneity was low (I2 = 18%).

Operative time

Seven studies reported this outcome (n = 1017 patients). 
The authors did not clearly define the parameters for cal-
culating the time span, and for this reason, it was judged an 
unclear risk of bias. The operative time was significantly 
lower in the LL group than in the HL group (MD − 5.80, 
95% CI − 16.53 to 4.93) (Fig. 5); this trend was the same 
in the laparoscopic group analysis, but it was reversed in 
the open group. The heterogeneity was high (I2 = 77%) 
[SDC10]. The funnel plot shows a symmetrical shape, 
indicating that there is no bias.

Blood loss

Six studies reported this outcome (n = 942 patients). The 
authors did not report the methodology for the calculation 
of estimated blood loss, and for this reason, it was judged 

an unclear risk of bias. The estimated blood loss was higher 
in the LL group than in the HL group (MD − 4.89, 95% 
CI − 6.86 to − 2.92) (Fig. 6), but the difference was not sta-
tistically significant, and heterogeneity was absent (I2 = 0%).

Urinary retention

Two studies reported this outcome (n = 141 patients). The 
post-operative urinary retention rate was comparable in the 
two groups (MD 1.09, 95% CI 0.24 to 5.02) [SDC11]. Het-
erogeneity was absent (I2 = 0%).

Urinary incontinence

Two studies reported this outcome (n = 242 patients). This 
outcome was evaluated using the ICIQ-indicates International 
Consultation on Incontinence Questionnaire. The results 
showed a significantly worse result for the LL group if con-
fronted with HL (MD − 0.66, 95% CI 0.92 to 0.40) [SDC12].

Sexual dysfunction

Two studies reported this outcome (n = 158 patients). The 
results favored the LL group, although the result was not 
statistically significant (MD 0.90, 95% CI 0.57 to 1.23) 
[SDC13]. Heterogeneity was absent (I2 = 0%). Female sexual 
function was not assessed in the studies considered.

Post‑operative length of stay

Two studies reported this outcome (n = 419 patients). The 
length of post-operative stay was lower in the LL group, but 
the difference was not statistically significant (MD 0.29, 95% 
CI − 1.01 to 1.59; I2 = 0%) [SDC 14].

Fig. 4   Overall survival at 5 
years
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Discussion

This meta-analysis was not able to show any statistically sig-
nificant difference in the anastomotic leakage rate, the number 
of root lymph nodes, the number of lymph nodes retrieved, 
or overall or disease-free survival in patients with HL or LL.

Anastomotic leakage is one of the most feared compli-
cations for patients and surgeons. The pathogenesis of AL 
is multifactorial and involves tension on the anastomosis, 
insufficient blood supply, extensive blood loss with the 

need for transfusion, prolonged operating time, use of ino-
tropes, and impairment of the gut microbiome.

Fashioning a tension-free anastomosis has been tradition-
ally considered a crucial step to reduce the risk of AL. Theo-
retically, HL should allow a more complete mobilization of 
the remaining colon and its mesentery, thus preventing anas-
tomotic tension. In fact, the HL of the IMA, possibly asso-
ciated with the detachment of the LCA from the superior 
rectal artery, should provide an adequate length of the proxi-
mal colon to allow tension-free anastomosis. Conversely, 

Fig. 5   Operative time

Fig. 6   Blood loss
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while tension-free anastomosis is fully advisable, avoiding 
ischemia of the colonic conduit is also necessary to reduce 
the risk of leakage. When the IMA is ligated at its origin, the 
blood supply of the descending colon is completely depend-
ent on the marginal artery that arises from the middle colic 
artery. Inadequate collateral circulation can lead to colonic 
ischemia in some patients and thus increase the risk of AL. 
This risk is of greater relevance in elderly patients, where 
Riolan’s arch may not be completely reliable. The definition 
of high or low IMA ligation varies somewhat in the literature 
and is noted elsewhere [9].

According to the Consensus Statement of Definitions for 
Anorectal Physiology and Rectal Cancer of the American 
Society of Colon and Rectal Surgeons (ASCRS) (Washing-
ton, D.C., May 1, 1999), a low ligation of the IMA is defined 
as a ligation below the origin of the left colic artery (LCA), 
while a high ligation of the IMA at the aortic root [47], but 
leaving a 1.5–2 cm stump to avoid the autonomic nerves of 
the pre-aortic plexus in the axilla of Bacon.

A tailored approach was suggested by the ASCRS in the 
practice parameters for the management of rectal cancer. 
High ligation of the IMA at its origin is not associated 
with any survival advantage [48], but it is still recom-
mended when clinically enlarged lymph nodes are visible 
up to the root of the IMA [49].

Factors that may influence the decision to perform 
a high or low ligation are diverse and involve technical 
aspects, oncologic outcomes, and functional results, but 
the choice can be limited by anatomical factors.

In the present analysis, no statistically significant dif-
ferences were found between the high and low ligation 
of the IMA with respect to the AL rate. As the HL of the 
IMA is only one of the possible technical steps to allow a 
sufficient length of the transposed transverse and proximal 
descending colon to reach the pelvis, this is perhaps not 
unexpected. A thorough mobilization of the splenic flexure 
and the distal transverse colon, along with mobilization 
of the root of the distal transverse mesocolon and divi-
sion of any adhesions between the distal transverse and 
the proximal descending colon, is usually enough to gain 
an appropriate length of the bowel [50].

Operative time was longer in the HL group than in the LL 
group. This difference remained unchanged in the analysis 
of the laparoscopic group, while it was the opposite in the 
open group, probably due to the technique used. It is difficult 
to explain this finding. It would be expected that laparo-
scopic dissection within the sigmoid mesocolon to prepare 
the bifurcation of the IMA would take longer than preparing 
the root of the IMA just distal to the aorta, as it is in open 
surgery. We wonder if in laparoscopic surgery extra time is 
necessary to access this peri-aortic plane, whereas a higher 
level can be more easily reached. However, this minor dif-
ference did not affect the likelihood of AL.

Similarly, there was less estimated blood loss in the HL 
group than in the LL group. This could be due to the dissec-
tion being conducted in an avascular plane when the IMA is 
ligated at its origin, while the preparation of the bifurcation 
of the IMA requires additional dissection within the mes-
osigmoid and descending mesocolon. However, this does 
not seem to have an impact on the AL rate.

A possible confounding factor for our analysis is rep-
resented by the eventual fashioning of a stoma; in fact, 
some authors fashioned a diverting stoma for the follow-
ing reasons: lower rectal cancer [38, 40, 41], pre-opera-
tive chemoradiation [41], suspicion of poor anastomo-
sis [39, 42], narrow male pelvis [35], positive air leak 
test [35], and partial bowel obstruction before surgery 
[38, 39]. Also, the rate and type of covering stoma were 
very heterogeneous. The most common covering stoma 
was a diverting ileostomy, but the reasons why it was 
packed and the rate of patients in whom it was done are 
very divergent among the authors, varying from 100% 
of patients in Mari et al. [40] down to 7.1 for HL and 
4.3 for LL in Kruszewski et al. [39]. Moreover, in sur-
gical practice, we need to consider the additional types 
of anastomotic protection used (transverse colostomy, 
trans-anastomotic tube) or the fact that the mechanism 
in use was not indicated in the original publication. This 
complicates the homogenization of data and the drawing 
of conclusions on the impact of ostomy packing as a par-
allel factor independent of the type of IMA ligation, the 
subject of examination in this study.

Dissection at the root of the IMA and its ligation there 
can potentially expose the nerves of the aortic plexus and the 
hypogastric nerves, especially on the left side, to iatrogenic 
injury at the axilla of Bacon. For this reason, it has been 
traditionally suggested not to perform any dissection at the 
very acute angle between the IMA and aorta but to divide 
the IMA 1.5–2 cm from its origin. One rationale for a more 
peripheral dissection, and LL of the IMA, is nerve preser-
vation, and the possibility of avoiding urinary and sexual 
dysfunctions and their subsequent negative impact on quality 
of life (QoL).

The present analysis reported that the post-operative uri-
nary retention rate was similar in the two groups. However, 
it must be emphasized that post-operative urinary reten-
tion is not commonly due to nerve injury but to paralysis 
of the bladder sphincter. Urinary incontinence and erectile 
dysfunction are the typical consequences of nerve injury 
to the pre-aortic and hypogastric plexuses. Surprisingly, in 
this analysis, the post-operative urinary incontinence rate 
was in favor of the HL group, while the post-operative male 
sexual function was better preserved in the LL group. How-
ever, these results come from a study with very small sample 
size. In actual fact, few studies evaluated the QoL in patients 
who underwent rectal resection according to the two types 
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of ligations. Moreover, a limitation of this and most of the 
studies included in our analysis is that data regarding this 
outcome are available only from male patients, so it is not 
possible to draw conclusions on functional and sexual out-
comes in females.

One of the key performance indicators in surgical oncol-
ogy is the level of lymph node (LN) dissection. It is still 
unclear if the nodal dissection should be extended more 
centrally (N3) instead of limiting it distally to the origin of 
the LCA (N2).

Surgeons from Japan consider N3 dissection beneficial 
in terms of OS and DFS if the local spread of the tumor is 
greater than T2 or if clinically evident nodal metastases are 
present [41, 51]. However, the USA guidelines recommend 
a low dissection in most cases of rectal cancer [52], because 
nodal metastases at the root of the IMA are relatively 
uncommon. Furthermore, in patients with central nodal 
metastasis, the 5-year survival rate is quite low (ranging 
from 0 to 40%) [41], suggesting that resection of those LNs 
does not improve survival. Positive central nodes should be 
considered systemic metastases [24, 53, 54].

The overall number of harvested lymph nodes was higher 
in the LL group, but no significant differences were reported. 
Once again, it is difficult to explain why a more distal dis-
section would yield a higher number of lymph nodes. How-
ever, the main determinant of survival was not the level of 
vascular ligation but the quality of the pelvic/mesorectal 
dissection [49].

One of the reasons for the high heterogeneity of the analy-
sis of the vascular root-harvested lymph nodes is probably 
associated with the different extensions of lymph node dis-
section in the two techniques of HL and LL. In fact, Feng 
et al. [33] described only a lymph node dissection at the root 
of the IMA. However, Guo et al. [38] and Zhou et al. [45] 
reported lymphadenectomy at station n. 253 in LL, meaning 
this allowed additional lymphadenectomy proximal to the 
level of IMA division.

An important bias is the absence of a description of 
vascular anatomical variants of the left colic artery (LCA), 
reported in only a few of the RCTs [39, 40]. The absence of 
the LCA is the most important variant, and it is reported at 
1.2% (pooled prevalence estimate) in a systematic review 
and meta-analysis performed in 2.040 patients [55]. This 
rare variant may be associated with a major risk of AL 
as a result of insufficient vascularization of the proximal 
colonic conduit and/or a different lymphatic network, and 
importantly, this anatomical variation can be assessed pre-
operatively on detailed staging CT scan imaging.

High-IMA ligation tends to be more standardized as it is 
less affected by individual anatomical variability and facili-
tates apical nodal dissection, as mentioned above. However, 
the origin of the IMA is technically below the Gerota’s 

fascia, and preparing the very origin at the beginning of the 
dissection may lead to the wrong dissection plane.

One of the traditionally advocated advantages of LL 
is a better vascular supply of the colonic conduit through 
the LCA, while HL would reduce the blood supply to the 
remaining colon, in particular in elderly patients with 
an insufficient marginal arcade [38]. For this reason, in 
patients without evidently enlarged nodes at the IMA root, 
LL is recommended, while LCA is identified and protected 
throughout the operation. However, in cases of very low 
anastomosis, the presence of an intact LCA may not allow 
sufficient length of the colonic conduit to reach the pelvic 
floor. In these cases, after undertaking the other standard 
maneuvers to mobilize the splenic flexure and mesoco-
lon, it might be necessary to also divide the LCA at its 
origin from the IMA. If this choice is taken later during 
the operation, namely after the excision of the specimen, 
it may be difficult to complete the dissection of the IMA 
root and the ligation of the LCA. Also, for this reason, it 
may also be advisable to perform a complete lymphad-
enectomy of the root of the IMA when a LL is performed. 
The risk of proximal colonic conduit ischemia with HL 
may be potentially mitigated with the use of indocyanine 
green fluorescence [56].

In the recent literature, there are already several system-
atic reviews and meta-analyses published regarding the opti-
mal ligation level of IMA (Table 3) [13, 16, 57–66]. This 
systematic review and meta-analysis are to summarize the 
current scientific evidence regarding the impact of the level 
of inferior mesenteric artery (IMA) ligation on post-opera-
tive and oncological outcomes in rectal cancer surgery; the 
results of this last review differ from previous publications 
for the higher number of randomized patients enrolled in 
short‐ and long‐term outcomes. The enrolment of new RCTs 
and the long-term results published from old RCTs permit to 
have a growing body of rigorous data to guide the surgical 
approach to IMA.

In the analysis of the overall number of harvested lymph 
nodes, the result of Zhou et al.’s RCT [45] was quite differ-
ent from other studies. More total lymph nodes [(24.9 ± 5.7) 
vs. (16.9 ± 4.2), P = 0.001] and No. 253 lymph nodes 
[(2.4 ± 1.1) vs. (1.5 ± 0.8), P = 0.001] were harvested in the 
HL group as compared to the LL group. The higher favora-
ble results in favor of HL can be explained by the very high 
laparoscopic skill of colorectal surgeons, that received a 
grant from the Guangzhou Important Special Program of 
Health Medicine Cooperation and Innovation (Grant num-
ber: 201604020005).

Regarding anastomotic leakage, the type and severity 
of the complication were not reported in three studies (277 
patients) [42, 44, 45]. Some of these leaks might have been 
type A, without any clinical impact.
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We recognize that the I2 statistic is a relative measure and 
does not measure the scale of the effect size parameter [67]. 
Moreover, it is not reliable when the number of included 
studies is small [68]. The heterogeneity statistic I2 can be 
biased in small meta-analyses, which was our case. This 
is why we should rely on the Tau2 statistic and prediction 
intervals [46, 56].

Data were occasionally sparse for several endpoints. This 
is why we used the Mantel–Haenszel method [69, 70], a 
fixed-effect method programmed in RevMan.

In conclusion, the optimal level of IMA ligation should 
be chosen case by case on the basis of several considera-
tions, taking into account expected functional and oncologi-
cal outcomes and also considering technical and anatomical 
issues. However, from the oncologic and AL points of view, 
there is no evidence to support either of the two approaches. 
Since only a very limited number of studies focused on the 
functional aspects following rectal resection, there is insuf-
ficient evidence to link functional outcomes to the level of 
IMA ligation.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00423-​023-​03022-z.

Author contribution  R.C., M.F., G.M., C.D., D.C., G.T., and A.B. 
wrote the main manuscript text, and S.A. prepared the figures. All 
authors reviewed the manuscript.

Funding  Open access funding provided by Università degli Studi di 
Perugia within the CRUI-CARE Agreement.

Data availability  All the data used in the article can be obtained 
directly from Prof. Roberto Cirocchi MD, PhD (roberto.cirocchi@
unipg.it) as the corresponding author.

Declarations 

Ethical approval  Not applicable.

Competing interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Sung H, Ferlay J, Siegel RL et al (2021) Global Cancer Statis-
tics 2020: GLOBOCAN Estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin 
71(3):209–249

	 2.	 Dumont F, Mariani A, Elias D, Goere D (2015) Surgical strategy 
for low rectal cancers. J Visc Surg 152(1):23–31

	 3.	 West NP, Quirke P (2018) Colon cancer surgery: pathological 
quality control is essential for optimal outcomes. Colorectal Dis 
20:34–35

	 4.	 Cirocchi R, Farinella E, Trastulli S, Desiderio J, Di Rocco G, 
Covarelli P et al (2011) High tie versus low tie of the inferior 
mesenteric artery: a protocol for a systematic review. World J Surg 
Oncol 9:147

	 5.	 Miles WE (1971) A method of performing abdomino-perineal 
excision for carcinoma of the rectum and of the terminal portion 
of the pelvic colon (1908). CA Cancer J Clin 21(6):361–364

Table 3   Systematic reviews and meta-analysis published in the last 10 years

RCT​, randomized control study; CCT​, clinical control study

Authors and year of publication Numbers of RCTs 
included

Numbers of CCTs 
included

Functional out-
comes

Surgical short-term 
outcomes

Oncologic 
long-term 
outcomes

Tryliskyy et al. (2022) 3 0 X - -
Kim et al. (2022) 12 0 X X X
Kong et al. (2021) 5 0 - X X
Bai et al. (2021 5 9 X X X
Jonnada et al. (2021) 31 X X X
Yin et al. (2021) 4 17 X X X
Si et al. (2019) 6 24 X X X
Yang et al. (2019) 4 20 X X X
Cui et al. (2019) 2 10 X X X
Zeng and Su (2018) 4 14 X X X
Yang et al. (2018) 0 8 - X X
Fan et al. (2018) 1 16 X X X

https://doi.org/10.1007/s00423-023-03022-z
http://creativecommons.org/licenses/by/4.0/


	 Langenbeck's Archives of Surgery (2023) 408:286

1 3

286  Page 12 of 13

	 6.	 Moynihan BG (1908) The surgical treatment of cancer of the sig-
moid flexure and rectum. Surg Gynecol Obstet 1971(6):463

	 7.	 Dunphy JEPJ (1959) Sphincter-saving procedures: the anterior 
resection In: Saunders TRWB, editor. Diseases of the Colon and 
Anorectum 11959:491–502

	 8.	 Rectum JSfCotCa (1998) General rules for clinical and patho-
logical studies on cancer of the colon, rectum, and anus, 6th edn. 
Kanahara Shuppan, Tokio

	 9.	 Cirocchi R, Trastulli S, Farinella E, Desiderio J, Vettoretto N, 
Parisi A et al (2012) High tie versus low tie of the inferior mes-
enteric artery in colorectal cancer: a RCT is needed. Surg Oncol 
21(3):e111–e123

	10.	 Bridoux V, de Chaisemartin C, Beyer L et al (2016) Recommandations 
pour la pratique clinique Cancer du rectum. Colon Rectum 10:12–27

	11.	 Xynos E, Tekkis P, Gouvas N, Vini L, Chrysou E, Tzardi M et al 
(2016) Clinical practice guidelines for the surgical treatment of 
rectal cancer: a consensus statement of the Hellenic Society of 
Medical Oncologists (HeSMO). Ann Gastroenterol 29(2):103–126

	12.	 You YN, Hardiman KM, Bafford A, Poylin V, Francone TD, Davis 
K et al (2020) The American Society of Colon and Rectal Sur-
geons Clinical Practice Guidelines for the management of rectal 
cancer. Dis Colon Rectum 63(9):1191–1222

	13.	 Cui Y, Sun S, Li Z, Wang W (2019) Safety, survival, and effi-
cacy of preserving left colonic artery in rectal cancer surgery: 
a meta-analysis and review. J Laparoendosc Adv Surg Tech A 
29(11):1405–1413

	14.	 Jonnada PK, Karunakaran M, Rao D (2021) Outcomes of 
level of ligation of inferior mesenteric artery in colorectal 
cancer: a systematic review and meta-analysis. Future Oncol 
17(27):3645–3661

	15.	 Lin Z, Jiang ZL, Chen DY, Chen MF, Chen LH, Zhou P et al 
(2018) Short- and long-term outcomes of laparoscopic versus 
open surgery for rectal cancer: a systematic review and meta-
analysis of randomized controlled trials. Medicine (Baltimore) 
97(50):e13704

	16.	 Yang Y, Wang G, He J, Zhang J, Xi J, Wang F (2018) High tie 
versus low tie of the inferior mesenteric artery in colorectal can-
cer: a meta-analysis. Int J Surg 52:20–24

	17.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD et al (2021) The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ 372:n71

	18.	 Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, 
Boutron I et al (2019) RoB 2: a revised tool for assessing risk of 
bias in randomised trials. BMJ 366:l4898

	19.	 Bostrom P, Haapamaki MM, Matthiessen P, Ljung R, Rutegard J, 
Rutegard M (2015) High arterial ligation and risk of anastomotic 
leakage in anterior resection for rectal cancer in patients with 
increased cardiovascular risk. Colorectal Dis 17(11):1018–1027

	20.	 Corder AP, Karanjia ND, Williams JD, Heald RJ (1992) Flush 
aortic tie versus selective preservation of the ascending left colic 
artery in low anterior resection for rectal carcinoma. Br J Surg 
79(7):680–682

	21.	 Fazio S, Ciferri E, Giacchino P, Papadia F, Mariani F, Rovida S 
et al (2004) Cancer of the rectum: comparison of two different 
surgical approaches. Chir Ital 56(1):23–30

	22.	 Grinnell RS (1965) Results of ligation of inferior mesenteric artery 
at the aorta in resections of carcinoma of the descending and sig-
moid colon and rectum. Surg Gynecol Obstet 120:1031–1036

	23.	 Hinoi T, Okajima M, Shimomura M, Egi H, Ohdan H, Konishi F 
et al (2013) Effect of left colonic artery preservation on anasto-
motic leakage in laparoscopic anterior resection for middle and 
low rectal cancer. World J Surg 37(12):2935–2943

	24.	 Kawamura YJ, Umetani N, Sunami E, Watanabe T, Masaki T, 
Muto T (2000) Effect of high ligation on the long-term result 

of patients with operable colon cancer, particularly those with 
limited nodal involvement. Eur J Surg 166(10):803–807

	25.	 Komen N, Slieker J, de Kort P, de Wilt JH, van der Harst E, 
Coene PP et al (2011) High tie versus low tie in rectal surgery: 
comparison of anastomotic perfusion. Int J Colorectal Dis 
26(8):1075–1078

	26.	 Pezim ME, Nicholls RJ (1984) Survival after high or low ligation 
of the inferior mesenteric artery during curative surgery for rectal 
cancer. Ann Surg 200(6):729–733

	27.	 Rosi PA, Cahill WJ, Carey J (1962) A ten year study of hemicolec-
tomy in the treatment of carcinoma of the left half of the colon. 
Surg Gynecol Obstet 114:15–24

	28.	 Rutegard M, Hemmingsson O, Matthiessen P, Rutegard J (2012) 
High tie in anterior resection for rectal cancer confers no increased 
risk of anastomotic leakage. Br J Surg 99(1):127–132

	29.	 Slanetz CA Jr, Grimson R (1997) Effect of high and intermediate 
ligation on survival and recurrence rates following curative resec-
tion of colorectal cancer. Dis Colon Rectum 40(10):1205–1218; 
discussion 1218–1219

	30.	 Surtees P, Ritchie JK, Phillips RK (1990) High versus low ligation of 
the inferior mesenteric artery in rectal cancer. Br J Surg 77(6):618–621

	31.	 Yasuda K, Kawai K, Ishihara S, Murono K, Otani K, Nishikawa T 
et al (2016) Level of arterial ligation in sigmoid colon and rectal 
cancer surgery. World J Surg Oncol 14:99

	32.	 Zong XY, Shi YQ (2007) An audit of outcomes in colorectal can-
cer in China. Eur J Surg Oncol 33(2):169–173

	33.	 Feng W, Zong Y, Zhao J, Li W, Miao Y, Xu Z et al (2021) High 
versus low ligation of the inferior mesenteric artery during lapa-
roscopic rectal cancer surgery: a prospective study of surgical and 
oncological outcomes. J Surg Oncol 123(Suppl 1):S76–S80

	34.	 Fiori E, Crocetti D, Lamazza AFDEF, Sterpetti AV, Irace L et al 
(2020) Is low inferior mesenteric artery ligation worthwhile to 
prevent urinary and sexual dysfunction after total mesorectal exci-
sion for rectal cancer. Anticancer Res 40(8):4223–8

	35.	 Fujii S, Ishibe A, Ota M, Suwa H, Watanabe J, Kunisaki C et al 
(2019) Short-term and long-term results of a randomized study 
comparing high tie and low tie inferior mesenteric artery ligation 
in laparoscopic rectal anterior resection: subanalysis of the HTLT 
(High tie vs low tie) study. Surg Endosc 33(4):1100–10

	36.	 Fujii S, Ishibe A, Ota M, Watanabe K, Watanabe J, Kunisaki C, 
Endo I (2018) Randomized clinical trial of high versus low infe-
rior mesenteric artery ligation during anterior resection for rectal 
cancer. BJS Open 2(4):195–202

	37.	 Mari GM, Crippa J, Cocozza E, Berselli M, Livraghi L, Carzaniga 
P, Valenti F, Roscio F, Ferrari G, Mazzola M, Magistro C, Origi 
M, Forgione A, Zuliani W, Scandroglio I, Pugliese R, Costanzi 
ATM, Maggioni D (2019) Low ligation of inferior mesenteric 
artery in laparoscopic anterior resection for rectal cancer reduces 
genitourinary dysfunction Results from a randomized controlled 
Trial (HIGHLOW trial). Ann Surg Open 269(6):1018–24

	38.	 Guo Y, Wang D, He L, Zhang Y, Zhao S, Zhang L et al (2017) 
Marginal artery stump pressure in left colic artery-preserving rec-
tal cancer surgery: a clinical trial. ANZ J Surg 87(7–8):576–581

	39.	 Kruszewski WJ, Szajewski M, Ciesielski M, Buczek T, Kawecki 
K, Walczak J (2021) Level of inferior mesenteric artery ligation 
does not affect rectal cancer treatment outcomes despite better 
cancer-specific survival after low ligation-randomized trial results. 
Colorectal Dis 23(10):2575–2583

	40.	 Giulio MM, Jacopo C, Pietro A, Isacco M, Giampaolo U, Taf-
furelli G, Cocozza E, Giacomo B, Francesco V, Francesco R, 
Giovanni F, Matteo O, Walter Z, Pugliese R, Costanzi ATM, 
Fingherut A, Maggioni D (2020) High versus low ligation of the 
inferior mesenteric artery during rectal resection for cancer: onco-
logical outcomes after three years of follow-up from the HIGH-
LOW trial. Ann Surg Open 1(2):17



Langenbeck's Archives of Surgery (2023) 408:286	

1 3

Page 13 of 13  286

	41.	 Matsuda K, Yokoyama S, Hotta T, Takifuji K, Watanabe T, 
Tamura K et al (2017) Oncological outcomes following rectal 
cancer surgery with high or low ligation of the inferior mesenteric 
artery. Gastrointest Tumors 4(1–2):45–52

	42.	 Niu JW, Ning W, Wang WY, Pei DP, Meng FQ, Liu ZZ et al 
(2016) Clinical effect of preservation of the left colonic artery in 
laparoscopic anterior resection for rectal cancer. Zhonghua Yi Xue 
Za Zhi 96(44):3582–3585

	43.	 Wang Q, Zhang C, Zhang H, Wang Y, Yuan Z, Di C (2015) Effect 
of ligation level of inferior mesenteric artery on postoperative 
defecation function in patients with rectal cancer. Zhonghua Wei 
Chang Wai Ke Za Zhi 18(11):1132–1135

	44.	 Wu YLM (2017) Left colon artery preservation in laparoscopic 
anterior rectal resection: a clinical study. Chin J Gastrointest Surg 
20:1313–1315

	45.	 Zhou J, Zhang S, Huang J, Huang P, Peng S, Lin J et al (2018) 
Accurate low ligation of inferior mesenteric artery and root lymph 
node dissection according to different vascular typing in laparo-
scopic radical resection of rectal cancer. Zhonghua Wei Chang 
Wai Ke Za Zhi 21(1):46–52

	46.	 IntHout J, Ioannidis JP, Rovers MM, Goeman JJ (2016) Plea for 
routinely presenting prediction intervals in meta-analysis. BMJ 
Open 6(7):e010247

	47.	 Lowry AC, Simmang CL, Boulos P, Farmer KC, Finan PJ, Hyman 
N et al (2001) Consensus statement of definitions for anorectal 
physiology and rectal cancer. ANZ J Surg 71(10):603–605

	48.	 Rouffet F, Hay JM, Vacher B, Fingerhut A, Elhadad A, Flamant 
Y, Mathon C, Gainant A (1994) Curative resection for left colonic 
carcinoma: hemicolectomy vs segmental colectomy. A prospec-
tive, controlled, multicenter trial avec The French Association for 
Surgical Research. Dis Colon Rectum 37:651–659

	49.	 Tjandra JJ, Kilkenny JW, Buie WD, Hyman N, Simmang C, 
Anthony T et al (2005) Practice parameters for the management 
of rectal cancer (revised). Dis Colon Rectum 48(3):411–423

	50.	 Bonnet S, Berger A, Hentati N, Abid B, Chevallier JM, Wind 
P, Delmas V, Douard R (2012) High tie versus low tie vascular 
ligation of the inferior mesenteric artery in colorectal cancer sur-
gery: impact on the gain in colon length and implications on the 
feasibility of anastomoses. Dis Colon Rectum 55(5):515–521

	51.	 Watanabe T, Itabashi M, Shimada Y, Tanaka S, Ito Y, Ajioka Y 
et al (2012) Japanese Society for Cancer of the Colon and Rectum 
(JSCCR) guidelines 2010 for the treatment of colorectal cancer. 
Int J Clin Oncol 17(1):1–29

	52.	 Nelson H, Petrelli N, Carlin A, Couture J, Fleshman J, Guillem J 
et al (2001) Guidelines 2000 for colon and rectal cancer surgery. 
J Natl Cancer Inst 93(8):583–596

	53.	 Adachi Y, Inomata M, Miyazaki N, Sato K, Shiraishi N, Kitano S 
(1998) Distribution of lymph node metastasis and level of inferior 
mesenteric artery ligation in colorectal cancer. J Clin Gastroen-
terol 26(3):179–182

	54.	 Uehara K, Yamamoto S, Fujita S, Akasu T, Moriya Y (2007) 
Impact of upward lymph node dissection on survival rates in 
advanced lower rectal carcinoma. Dig Surg 24(5):375–381

	55.	 Cirocchi R, Randolph J, Cheruiyot I, Davies JR, Wheeler J, Lancia 
M, Gioia S, Carlini L, di Saverio S, Henry BM (2020) Systematic 
review and meta-analysis of the anatomical variants of the left 
colic artery. Colorectal Dis 22(7):768–778

	56.	 Meyer J, Joshi H, Buchs NC et al (2022) Fluorescence angiogra-
phy likely protects against anastomotic leak in colorectal surgery: 
a systematic review and meta-analysis of randomised controlled 
trials. Surg Endosc 36:7775–7780

	57.	 Tryliskyy Y, Wong CS, Demykhova I, Tyselskyi V, Kebkalo A, 
Poylin V (2022Mar) Systematic review and meta-analysis of ran-
domized controlled trials evaluating the effect of the level of liga-
tion of inferior mesenteric artery on functional outcomes in rectal 
cancer surgery. Int J Colorectal Dis 37(3):709–718

	58.	 Kim K, An S, Kim MH, Jung JH, Kim Y (2022) High versus low 
ligation of the inferior mesenteric artery in colorectal cancer sur-
gery: a systematic review and meta-analysis. Medicina (Kaunas) 
58(9):1143. https://​doi.​org/​10.​3390/​medic​ina58​091143

	59.	 Kong M, Chen H, Xin Y, Jiang Y, Han Y, Sheng H (2021) High 
ligation of the inferior mesenteric artery and anastomotic leakage 
in anterior resection for rectal cancer: a systematic review and 
meta-analysis of randomized controlled trial studies. Colorectal 
Dis 23(3):614–624

	60.	 Bai X, Zhang CD, Pei JP, Dai DQ (2021) Genitourinary function 
and defecation after colorectal cancer surgery with low- and high-
ligation of the inferior mesenteric artery: a meta-analysis. World 
JGastrointest Surg 13(8):871–884

	61.	 Jonnada PK, Karunakaran M, Rao D (2021) Outcomes of level of 
ligation of inferior mesenteric artery incolorectal cancer: a system-
atic review and meta-analysis. Future Oncol 17(27):3645–3661

	62.	 Yin TC, Chen YC, Su WC, Chen PJ, Chang TK, Huang CW, 
Tsai HL, Wang JY (2021) Low ligation plus high dissection 
versus high ligation of the inferior mesenteric artery in sigmoid 
colon and rectal cancer surgery: a meta-analysis. Front Oncol 
11(11):774782

	63.	 Si MB, Yan PJ, Du ZY, Li LY, Tian HW, Jiang WJ, Jing WT, Yang 
J, Han CW, Shi XE, Yang KH, Guo TK (2019) Lymph node yield, 
survival benefit, and safety of high and low ligation of the inferior 
mesenteric artery in colorectal cancer surgery: a systematic review 
and meta-analysis. Int J Colorectal Dis 34(6):947–962

	64.	 Yang X, Ma P, Zhang X, Wei M, He Y, Gu C, Deng X, Wang Z 
(2019) Preservation versus non-preservation of left colic artery 
in colorectal cancer surgery: an updated systematic review and 
meta-analysis. Medicine (Baltimore) 98(5):e13720

	65.	 Zeng J, Su G (2018) High ligation of the inferior mesenteric artery 
during sigmoid colon and rectal cancer surgery increases the risk 
of anastomotic leakage: a meta-analysis. World J Surg Oncol 
16(1):157

	66.	 Fan YC, Ning FL, Zhang CD, Dai DQ (2018) Preservation versus 
non-preservation of left colic artery insigmoid and rectal cancer 
surgery: a meta-analysis. Int J Surg 52:269–277

	67.	 Borenstein M, Hedges LV, Higgins JPT, Rothstein HR (2009) 
Introduction to meta-analysis Wiley Online library. https://​doi.​
org/​10.​1002/​97804​70743​386.​ch1

	68.	 Von Hippel PT (2015) The heterogeneity statistic I2 can be biased 
in small meta-analyses. BMC Med Res Methodol 15:35

	69.	 Mantel N, Haenszel W (1959) Statistical aspects of the analysis 
of data from retrospective studies of disease. J Natl Cancer Inst 
22(4):719–748

	70.	 Greenland S (1985) Power, sample size and smallest detect-
able effect determination for multivariate studies. Statist Med 
4:117–127

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3390/medicina58091143
https://doi.org/10.1002/9780470743386.ch1
https://doi.org/10.1002/9780470743386.ch1

	Inferior mesenteric artery ligation level in rectal cancer surgery: still no answer—a systematic review and meta-analysis
	Abstract
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Study characteristics
	Quality assessment
	Primary outcome
	Anastomotic leakage (AL)

	Secondary outcomes
	Overall number of harvested lymph nodes
	Vascular root lymph node harvest
	Overall survival at 5 years
	Disease-free survival at 5 years
	Conversion from laparoscopic to open surgery
	Operative time
	Blood loss
	Urinary retention
	Urinary incontinence
	Sexual dysfunction
	Post-operative length of stay


	Discussion
	Anchor 27
	References


