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 Introduction 

 Colorectal cancer is the second most common malig-
nant tumour in the developed world, with age-adjusted 
rates of 26.6/100,000/year in females and 40.0/100,000/
year in males  [1] . Left colonic and rectal cancers represent 
just under two thirds of all colorectal malignancies  [2] . 
The mainstay of treatment is surgical, with removal of the 
tumour, adjacent bowel, and lymph nodes along its blood 
supply  [3] . The presence or absence of lymph node metas-
tases is the most important prognostic factor  [4, 5] .

  The lymphatic drainage and route of metastatic spread 
for tumours of the rectum and left colon is along the main 
colic arteries to the aortic and inferior mesenteric groups 
of glands  [6, 7] ; a significant proportion of draining 
lymph nodes are situated along the inferior mesenteric 
artery and vein. The extent to which removal of the prox-
imal IMA-related lymph nodes is pursued varies greatly. 
Generally, the IMA is ligated either below the origin of 
the left colic artery (low ligation) or at its origin from the 
aorta (high ligation). If high ligation is employed, blood 
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 Abstract 

  Background:  During surgery for left colonic and rectal can-
cers, the inferior mesenteric artery (IMA) can be ligated ei-
ther at its aortic origin (high tie) or below the origin of the 
left colic artery (low tie). There is no consensus as to which 
method should be employed.  Methods:  We searched Med-
line, EMBASE, Cochrane collaboration, and National Guide-
lines Clearinghouse databases and undertook a systematic 
review on the use of IMA high tie during curative resections 
for left colonic and rectal cancers and its impact on patient 
survival, peri-operative morbidity and mortality, and lymph 
node retrieval rates.  Results:  Sixteen studies were eligible 
for systematic review, including one randomized controlled 
study, 7 quasi-experimental studies, and 8 retrospective co-
hort studies. Data on 7,649 patients were analyzed, of whom 
4,847 underwent high ligation of the IMA. Despite a trend for 
improved survival in patients in whom high tie was em-
ployed, there is no conclusive evidence to support this. Mor-
tality and morbidity, including anastomotic leak and auto-
nomic nerve injury rates, are similar, while lymph node 
retrieval is improved.  Conclusions:  Although there is no un-
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supply to the distal colon is maintained through the mar-
ginal artery  [8, 9] .

  Despite being advocated by Moynihan  [10]  in 1908, 
high ligation of the IMA remains controversial. Its accep-
tance has been hindered by a perceived lack of survival 
advantage combined with concerns about blood supply to 
the anastomosis and risk of injury to the hypogastric 
nerves  [11] . Additionally, the wide dissection associated 
with this procedure requires advanced surgical skills and 
may prolong operating time. Conversely, it is conceivable 
that the use of a high tie provides a greater number of 
lymph nodes available for histopathological examina-
tion. This, in turn, could increase the accuracy of tumour 
staging, allowing more accurate prognosis predictions.

  Based on these considerations, we set to identify, in-
terpret, and discuss available evidence related to the use 
of IMA high tie in colorectal cancer surgery and identify 
directions for future research.

  Methods 

 Search Strategy 
 We first searched the Cochrane Collaboration (www.co-

chrane.org/) database for systematic reviews on the level of the 
IMA ligation in left colonic and rectal cancers to ensure that a 
systematic review had not already been completed. The National 
Guidelines Clearinghouse (www.guideline.gov/) database was 
then searched using the terms ‘(colon or rectum) and cancer’ to 
identify studies that specifically addressed the role of IMA high 
tie in curative surgery for colorectal cancer. Finally, the Medline 
(www.ncbi.nlm.nih.gov/entrez/) and EMBASE (www.embase.
com/) databases were searched using the following text words: 
‘inferior mesenteric artery’; ‘lymph node’ or ‘lymph nodes’; ‘co-
lon’ or ‘rectum’; ‘cancer’, ‘neoplasia’, ‘tumour’, or ‘tumor’. Addi-
tionally, references and citations from all retrieved articles were 
analyzed for identification of similar reports.

  Selection Criteria 
 Two reviewers independently screened studies for inclusion. 

When duplicate or updated cohorts were identified, only the most 
recent study was included. When data for both colon and rectal 
cancers were included, separate data for left colonic and rectal 
cancers were sought.

  Data Collection and Analysis 
 We reviewed all titles and obtained full-text copies of all po-

tentially relevant studies. Each selected study was then analyzed 
for data on tumour location, survival, number of lymph nodes 
retrieved, proportions of Dukes’ C1 (apical lymph node free from 
metastases) and C2 (apical node involved) tumours  [12] , and peri-
operative morbidity and mortality.

  The primary outcome was the 5-year survival rate, and sec-
ondary outcomes were peri-operative mortality and morbidity 
and number of lymph nodes retrieved.

  Results 

 No systematic reviews on the association between the 
level of IMA ligation and survival were found in the Co-
chrane Collaboration database. None of the 32 articles in 
the National Guidelines Clearinghouse database ad-
dressed the relationship between the level of IMA ligation 
and cancer survival. The Medline electronic database 
search yielded 37 citations; of these, 26 articles were dis-
carded after an initial screen of the abstracts, leaving 11 
papers that were retrieved and subjected to full-text and 
manual reference review. The EMBASE search retrieved 
44 articles, 7 of which were already identified after the 
Medline search; of the remaining 37 papers, only 3 were 
retained for further analysis. Manual search of references 
from these 14 papers identified a further 2 articles in-
cluded in the final study. In the end, there were 1 ran-
domized controlled study, 7 quasi-experimental studies, 
and 8 retrospective cohort studies subjected to the sys-
tematic review.

  Randomized Controlled Studies 
 There was only one prospective randomized trial, 

which compared survival and early morbidity and mor-
tality rates between patients with left colonic cancer un-
dergoing curative left hemicolectomy versus left segmen-
tal colectomy  [13] . The lymph node at the origin of the 
IMA was removed in all patients, and was found to be 
involved by tumour in 2.6% of all cases and in 10% of 
Dukes’ stage C patients. There were no significant differ-
ences in 12-year survival (47% in left hemicolectomy vs. 
54% in left segmental colectomy), anastomotic leak rates 
(11.5 vs. 14%), overall morbidity (20.5 vs. 22.5%), and 30-
day mortality rates (6.1 vs. 2.3%) between the two groups. 
Unfortunately, lymph node retrieval rates were not dis-
closed.

  Quasi-Experimental Design Studies 
 The majority of these studies ( table 1 ) date back to the 

5th to 7th decades of the last century, when total meso-
rectal excision and multimodal treatments were not em-
ployed routinely. It is, therefore, conceivable that high lo-
cal recurrence rates had a negative impact on any im-
provements in survival related to radical lymph node 
dissection.

  In 1962, Rosi et al.  [14]  published their results on 291 
patients who underwent curative resections for cancers 
of the left colon and rectum. Patients who underwent 
high ligation of the IMA had significantly higher overall 
5-year survival rates: 73.2 versus 66.4% (p  !  0.05). This 
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was felt to be due mainly to reduced local recurrence rates 
(2.9 vs. 18%, p  !  0.01). Although the morbidity remained 
unchanged, the postoperative mortality rate dropped 
from 5.1% for segmental resection to 2.2% after hemico-
lectomy (p = 0.1).

  The most recent report from the Presbyterian Hospi-
tal in New York  [15]  compared the outcomes of 179 pa-
tients with cancer of the left colon and rectum, who un-
derwent high ligation of the IMA, with those of a match-
ing cohort of 181 patients who had low ligation. There 
were no differences in the peri-operative mortality rates 
(6.2 vs. 5.5%), but no data are presented on the peri-op-
erative complications. The 5-year survival for 151 pa-
tients with high IMA tie and 150 patients with low IMA 
tie for whom survival details were available indicated 
only a 5.7% advantage in favour of high ligation, which 
was not significant. When only Dukes’ C tumours were 
considered, high ligation resulted in a 7.3% higher sur-
vival rate. Lymph node metastases between the IMA ori-
gin and the origin of the left colic artery were found in 19 
patients (10.9%) of the high-tie group; of these, 17 devel-
oped residual disease. Similarly, the introduction of IMA 
high tie was not associated with a reduction in the pro-

portion of Dukes’ C2 tumours (11.8 vs. 13%). The conclu-
sion of this study is that, by the time the lymph nodes at 
the root of the IMA are involved by metastases, the dis-
ease has probably spread beyond the aortocaval nodes, 
and/or haematogenous metastases may have already oc-
curred. This hypothesis is supported by more recent data 
 [16] .

  Of particular interest is a paper from St. Mark’s Hos-
pital, London, which reported on the outcome of 1,370 
patients who underwent curative surgery for rectal and 
rectosigmoid cancer  [17] : 784 (57.2%) cases had a low 
IMA tie and 586 patients (42.8%) underwent a high IMA 
tie, with a 98.5% 5-year follow-up rate. There were no sig-
nificant differences between the two groups regarding 
60-day postoperative mortality (3.1% for the high tie vs. 
2.2% for the low tie) and complication rates (63.5 vs. 64%). 
Although there were no differences in overall and age-
corrected survival rates, patients with Dukes’ stage C2 in 
the high-tie group fared significantly worse (22.2 vs. 
52.2% age-corrected 5-year survival rate, p  !  0.05). One 
probable hypothesis, acknowledged by the authors in 
their discussion, would be that many of the Dukes’ stage 
C2 patients in the low-tie group were in fact Dukes’ stage 

Table 1. Quasi-experimental design studies

Authors
(year of 
publication)

Tumour location Patient numbers Mortality Morbidity 5-year survival

high tie low tie high tie low tie high tie low tie high tie low tie

Rosi et al. [14] 
(1962)

rectum, descending 
and sigmoid colon

137 154 2.2% 5.1% NA NA 73.2% 66.4%

Grinnell [15]
(1965)

rectum, descending 
and sigmoid colon

179 181 6.2% 5.5% NA NA 5.7% higher (NS) NA

Pezim and 
Nicholls [17]
(1984)

rectum, rectosigmoid 586 784 2.2% 3.1% 64% 63.5% 64.4% 65.2%

Surtees et al. 
[18] (1990)

Dukes’ C stage 
rectum, rectosigmoid

150 100 NA NA NA NA 64% for Dukes’ C1 54% for Dukes’ C1

Slanetz and rectum, left colon 1,107 1,154 4.2% 5.0% NA NA 95% Dukes’ A colon 95.3% Dukes’ A rectum
Grimson [21] 88.2% Dukes’ A rectum 87.9% Dukes’ A rectum
(1997) 84% Dukes’ B colon 76.6% Dukes’ B colon

70% Dukes’ B rectum 63% Dukes’ B rectum
58.6% Dukes’ C1 colon 49% Dukes’ C1 colon
39.9% Dukes’ C1 rectum 37.7% Dukes’ C1 rectum
26.9% Dukes’ C2 colon 26.2% Dukes’ C2 colon
15.9% Dukes’ C2 rectum 25% Dukes’ C2 rectum

Adachi et al. 
[23] (1998)

rectum, sigmoid 
colon

134 38 0 0 NA NA 91.5% 83.2%

NA = Not available; NS = not significant.
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C1, had a high tie been performed. A subsequent paper 
from the same institution  [18]  analyzed the survival of a 
selected cohort of 250 cases with Dukes’ stage C rectal 
cancers, of whom 150 (53%) underwent high IMA liga-
tion. The number of harvested lymph nodes was higher 
in the high-tie group (median 17 vs. 13, mean 14.1 vs. 
11.9). Five- and 10-year survival rates for Dukes’ C1 can-
cers showed no significant difference between the two 
groups (64 vs. 54% at 5 years and 44 vs. 42% at 10 years 
in the high- and low-ligation groups, respectively). For 
Dukes’ C2 tumours, although there was an apparently 
improved survival rate in patients treated by low IMA li-
gation, this was not significant. There were significantly 
(p = 0.016) more patients with  1 5-mm extrarectal tu-
mour invasion in the Dukes’ C2 high-ligation group, 
which, the authors felt, was probably responsible for their 
poorer survival rates. An alternative explanation would 
be, however, that many of the Dukes’ C2 cases in the low-
ligation group would have been in fact staged C1, had a 
high IMA ligation been performed, thus creating a stage 
migration phenomenon  [19] . To minimize this effect, a 
subgroup of patients in the high-tie group with involve-
ment of the 12th lymph node was compared to a Dukes’ 
C2 tumour subgroup of patients in the low-tie group, 
with no significant survival differences observed. How-
ever, subgroup analysis is an unreliable statistical tool 
 [20] , and the results were likely to have been influenced 
by a significantly greater number of poorly differentiat-
ed tumours in the high-ligation group (73 vs. 17%, p  !  
0.001). Although the data presented did not demonstrate 
a survival benefit for high ligation of the IMA, the patient 
selection, sample size, and analytical methods used could 
easily have been inadequate for detecting small differ-
ences in survival, prompting the authors to advocate 
large, multicentre trials to address the question fully. To 
date, these have not materialized.

  The records of 2,409 patients, who underwent cura-
tive resections for primary colorectal cancers at the Co-
lumbia-Presbyterian Hospital, New York, were analyzed 
according to the level of the IMA ligation: high in 1,107 
cases and intermediate (effectively low, below the origin 
of the left colic) in 1,154 patients  [21] . Postoperative 
mortality rates were comparable: 4.2% for high ligation 
and 5% for low ligation. Sufficient data were available to 
compare outcomes in 1,027 high ligations and 1,058 low 
ligations in patients with single primary colorectal can-
cers. The level of IMA ligation had no influence on the 
5-year survival rates for patients with Dukes’ stage A 
tumours, either colonic or rectal. Patients with Dukes’ 
stage B colon cancers had significantly higher survival 

rates, if they underwent high IMA ligation (83.9 vs. 
73.9%, p  !  0.01), but this effect was not seen in the rectal 
cancer subgroup. In patients with Dukes’ C colorectal 
malignancies, a high IMA tie increased the overall 5-
year survival to 52.9%, compared with 45.2% for those 
who had low ligation (p  !  0.05). No significant advan-
tage to high IMA ligation was found in survival rates for 
Dukes’ C1 or C2 rectal cancers and Dukes’ C2 colon 
cancers, although patients with Dukes’ C1 colon cancers 
faired better (58.6 vs. 49%, p  !  0.05). However, when five 
or more lymph nodes were involved, the level of ligation 
did not appear to influence survival rates. This con-
firms previous findings, which demonstrated that the 
positive effect of high IMA ligations is lost when the api-
cal node is involved (Dukes’ stage C2) and with increas-
ing number of lymph nodes involved  [15, 17, 22] . Never-
theless, in patients with intermediate lymph node in-
volvement only, removing the uninvolved central lymph 
nodes by performing a high ligation of the IMA almost 
doubled the 5-year survival rate (41.7 vs. 25.9%) and re-
duced the death rate from recurrent cancer from 66.7 to 
38.9%. Unfortunately, no data on postoperative morbid-
ity were presented, although the authors  [21]  comment-
ed that this was not adversely affected by the high IMA 
high tie.

  A more recent report on 172 patients with cancer of 
the rectum or sigmoid colon  [23]  found a low incidence 
of metastases involving the lymph nodes at the root of the 
IMA (less than 1%) and concluded that the level of IMA 
ligation had no impact on the 5-year survival rate (83.2 
vs. 91.5% for high and low ligation, respectively). There 
were no immediate postoperative deaths, and the inci-
dence of postoperative complications was not different. 
Based on this, the authors declared that, for patients with-
out serosal invasion or macroscopic lymph node involve-
ment, removal of the pericolic and intermediate lymph 
node groups is sufficient. However, it is known that intra-
operative judgement on the presence or absence of lymph 
node metastases is unreliable  [24] , questioning the valid-
ity of macroscopic lymph node involvement in the deci-
sion making on the extent of lymphatic resection.

  Similar results were reported by another recent retro-
spective study on colonic cancers  [25] , although the num-
ber of lymph nodes harvested was significantly higher in 
the high-ligation group (23 vs. 16, p = 0.0001). There were 
no details on peri-operative morbidity and mortality. Ad-
ditionally, rectal cancers were specifically excluded, and 
the data presented did not allow breakdown of results for 
left-sided colonic malignancies.
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  Retrospective Cohort Studies 
 Many initial reports  [26–30]  describe technical as-

pects   of radical lymph node dissection for cancers of the 
distal colon and rectum; however, the number of present-
ed cases is small, and, although some data on mortality 
are available, there are no data on morbidity or survival. 
More recent reports ( table 2 ) originate mostly from Ja-
pan, where a high tie of the IMA is widely used in com-
bination with lateral pelvic lymph node excision.

  McElwain et al.  [31]  examined the intramesenteric 
lymph nodes in specimens from 90 cases with cancer of 
the left colon, rectum, and anus in whom a high ligation 
of the IMA was performed. Lymph node metastases were 
found in 54 cases (60%), 17.8% of which were located at 
the origin of the IMA. In 8 patients (9%) a low IMA liga-
tion would have left behind involved nodes, compromis-
ing the curative aspect of the operation. A larger study 
performed by Bacon et al.  [32]  reported on 416 patients 
with cancer of the left colon, rectum, and anal canal, who 
underwent high IMA ligation with a peri-operative mor-
tality rate of 3.1%. Lymph node metastases were present 
in 103 of 164 adenocarcinoma specimens available 
(62.8%), with 18 (17.3%) from patients having metastatic 
lymph node deposits at the IMA origin. Outcome data 
were traced in 80 patients, with a 5-year survival rate of 

60%, which compared favorably with that of 55% before 
the introduction of the high-tie approach. The 5-year 
survival rate for 11 patients with involved lymph node at 
the root of the IMA was 27.2%. Although the survival 
rates are impressive, outcome data were reported in less 
than one quarter of the patients, raising the question of 
selection bias.

  More positive results were reported by a large study 
from the National Cancer Center Hospital in Tokyo, Ja-
pan  [33] . Extended lympadenectomy, including pelvic 
nodes for tumours located at or below the peritoneal re-
flection, was performed in 643 patients with rectal can-
cer, of whom 495 had a potentially curative resection. 
Overall, the 30-day operative mortality was 2.2%, with 
lower rates for curative operations (1.4%); extended lym-
padenectomy did not increase the operative mortality. 
The overall 5-year survival rate for patients with curative 
resections was 62.2%. For both Dukes’ stage B and stage 
C, extended lympadenectomy was associated with signif-
icantly better 5-year survival rates: 83.2 vs. 63.7% in 
Dukes’ stage B cases and 52.5 vs. 30.8% in patients with 
Dukes’ stage C tumours (p  !  0.01). This was mirrored by 
improved 5-year rates of overall cancer recurrence (15.4 
vs. 37.9% in Dukes’ stage B patients, p  !  0.02, and 55.8 vs. 
72.4% in Dukes’ stage C patients, p  !  0.01) and local re-

Table 2. Retrospective cohort studies

Authors
(year of publication)

Number
of patients

Tumour location 5-year survival rate Peri-operative
mortality

Anastomotic
leak rate

Bacon et al. [32] (1958) 80 descending and
sigmoid colon, rectum 

60% 3.1% NA

Morgan and Griffiths [50] 
(1959)

214 rectum, distal colon NA 1% 1%

Koyama et al. [33] (1984) 495 rectum 62.2% 1.4% NA

Leggeri et al. [35] (1994) 252 rectum 68.2%, positive marginal nodes
25%, positive intermediate nodes
30%, positive central nodes 

5.1% NA

Cosimelli et al. [36] (1994) 302 rectum, sigmoid colon 58.5%, rectal cancer
65.7%, sigmoid cancer

4.3% NA

Hida et al. [39] (1998)    198 rectum 73.4%, negative IMA origin nodes
38.5%, positive IMA origin nodes

NA 6.3%

Read et al. [45] (2002) 131 left colon 84% 1% 1%

Kanemitsu et al. [46] (2006) 1,188 rectum and sigmoid
colon

50%, positive intermediate nodes
40%, positive central nodes

0.2% 3.3%

NA = Not available.
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currence (8.4 vs. 26.1% in Dukes’ stage B patients and 26.1 
vs. 37.9%, p  !  0.01, in both groups). Nevertheless, local 
recurrence rates are high, raising questions about the 
quality of total mesorectal excision when compared to 
results reported by Cecil et al.  [34] . All patients undergo-
ing extended resections suffered from micturition prob-
lems, and all male patients were rendered impotent. Ex-
tended systematic lympadenectomy was also responsible 
for an average 60-min increase in operating time; the av-
erage increase in blood loss was 150 ml.

  Similar results were reported on 252 patients who un-
derwent curative surgery for rectal cancer at the Univer-
sity of Trieste, Italy  [35] . In all cases the IMA was ligated 
high, and all lumbo-aortic lymph nodes were cleared. 
The peri-operative mortality rate was 5.1%. Although the 
anastomotic leak rate is not disclosed, this is one of the 
few studies providing functional outcome results. Erec-
tion and ejaculation were preserved in 76.1% of the pa-
tients who underwent sphincter-saving operations, in 
62.5% of the cases treated with abdominoperineal resec-
tion, and in 50% of the patients in whom pelvic lympad-
enectomy was performed. Disorders of urinary function 
occurred in 4% of the patients with sphincter-saving op-
erations, in 15.8% of the patients who had abdominoper-
ineal resections, and in 20% of those who had lateral pel-
vic lymph node dissection. In Dukes’ stage C patients, 
local recurrence was related to the site of the lymph node 
metastases: 17.7% in cases with marginal node involve-
ment, 41.7% in those with intermediate lymph node in-
volvement, and 50% in patients with central lymph node 
metastases (p = 0.15). The overall 5-year survival rates 
were 68.1% for patients with sphincter-saving surgery 
and 57.5% in those with abdominoperineal resections of 
the rectum. For Dukes’ stage C tumours, the survival was 
clearly influenced by the level of proximal lymph node 
involvement: 68.2% in cases with marginal lymph node 
involvement, 25% in patients with intermediate lymph 
node metastases, and 30% in those with central lymph 
node metastases (p  !  0.0001). No metastatic deposits 
were found in the lateral pelvic wall nodes in the 16 pa-
tients who underwent extensive pelvic lymphadenecto-
my.

  Another Italian study published in the same year  [36]  
reported 5- and 10-year survival rates, urinary dysfunc-
tion, and sexual activity in 302 patients with cancers of 
the rectum and sigmoid colon who underwent lumboaor-
tic lymphadenectomy, including IMA high tie. Of par-
ticular note is the high 5-year (42.7%) and 10-year (42.7%) 
survival for patients with Dukes’ C2 tumours. In this 
study, total mesorectal excision was performed in rectal 

cancers, and systemic chemotherapy and/or high-dose 
pelvic radiotherapy were administered in selective Dukes’ 
B and C patients, suggesting that modern multimodality 
oncologic therapy combined with nerve-sparing total 
mesorectal excision, as advocated by Heald  [37] , can 
achieve high survival rates even in Dukes’ stage C2 tu-
mours, contrary to previous reports  [15, 17] . Satisfactory 
sexual activity was maintained postoperatively in 46.5% 
of the males and in 47% of the females. Urinary dysfunc-
tion was infrequent: incontinence in 2.8% of males and 
22.7% of females and retention in 4.2% of males and 1.5% 
of females. These results match those reported after total 
mesorectal excision with pelvic nerve preservation and 
low IMA tie  [38] , indicating that the level of IMA ligation 
has a minimal impact on sexual and bladder function, if 
precise anatomical plane dissection is employed.

  In a retrospective analysis of 198 cases of rectal cancer, 
metastases at the root of the IMA were found in 8.6% of 
the patients  [39] . None of the 46 patients with pT1 or pT2 
tumours presented IMA root nodal metastases. The high 
mean number of lymph nodes examined per patient (73.5) 
was due to the use of the clearing method  [40] . In the 144 
patients who underwent a curative resection, the presence 
of metastases in the IMA root nodes was associated with 
a significantly lower 5-year survival rate (38.5 vs. 73.4%, 
p  !  0.05). The same group  [41]  obtained similar results in 
164 patients with colon cancer, of whom 104 had left co-
lonic tumours. There were no metastases identified in the 
central node for pT1 or pT2 cancers, with lower survival 
rates for patients with involved main nodes as compared 
with those where only the intermediate nodes were in-
volved (30.0 vs. 48.7%, p  !  0.05). The absence of nodal 
metastases at the root of the IMA for early tumours was 
also confirmed by a report on 121 pT1 sigmoid cancers 
 [42] . The problem with using pre-operative staging to 
guide the extent of lymph node dissection is the fact that, 
at present, no imaging technique offers absolute staging 
accuracy, particularly in identifying T1 tumours  [43, 44] . 
The resultant risk is for a significant proportion of pa-
tients to undergo oncologically inadequate surgery.

  Renewed interest in the level of the IMA ligation for 
left-sided colonic cancers was expressed by Read et al. 
 [45] , who observed a trend toward a poor prognosis for 
both locoregional control and disease-free survival, when 
the IMA was not divided at its aortic origin, but this did 
not reach statistical significance. Despite this, the high 
disease-free survival rate (84%) achieved with 1% mortal-
ity and anastomotic leak rates encouraged the authors to 
recommend high IMA ligation and wide mesenteric re-
section as their preferred surgical technique.
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  The most recent advocates of high ligation of the IMA 
in sigmoid colon or rectal cancer surgery are Kanemitsu 
et al.  [46] . These authors prospectively collected data on 
1,188 consecutive patients who underwent high ligation 
of the IMA for adenocarcinomas of the sigmoid colon or 
rectum. It was calculated that high IMA ligation in-
creased the curative resection rate by 9%, but only 0.7% 
of the patients were likely to be cured by this. Lymph node 
metastases at the root of the IMA were found in 1.7% of 
the patients who had an overall survival of 40% at 5 years 
and of 21% at 10 years, with cancer-specific survival of 42 
and 23% at 5 and 10 years, respectively. This compares 
well with figures for patients with intermediate lymph 
node metastases: overall survival of 50% at 5 years and of 
35% at 10 years and cancer-specific survival of 53% at 5 
years and of 41% at 10 years. The postoperative mortality 
rate was very low (0.2%), with a 3.3% anastomotic leak 
rate, a 31.5% overall morbidity rate, and a 29.2% surgical 
morbidity.

  Discussion 

 The merits of different levels of IMA ligation must be 
judged with respect to their influence on survival, direct-
ly related peri-operative complications, and impact on 
staging and prognostic stratification.

  Although it has been widely accepted that IMA high 
tie does not lead to improved cancer-related survival, 
most data originated from studies on operations per-
formed 4–5 decades ago, when total mesorectal excision 
for rectal cancers and the use of adjuvant treatments in 
the form or chemo- and radiotherapy were not common 
practice. More recent reports have challenged this belief 
 [21, 23, 46] . However, most of these studies originate in 
Japan, where IMA high tie is often combined with lateral 
pelvic lymphadenectomy, which makes interpretation of 
results difficult. The reported 40% 5-year survival rate 
for patients with Dukes’ C2 tumours has been replicated 
in two European series  [35, 36] , but whether this can be 
widely matched remains to be seen. While there is no un-
equivocal evidence of improved survival directly attrib-
utable to IMA high tie, in the majority of published stud-
ies patients who underwent this procedure had better 
survival rates  [15, 17, 21] , but with one exception  [15] , the 
observed difference was not statistically significant.

  Since any prospective study on the influence of IMA 
high tie on survival would have to recruit high numbers 
of patients and take several years to complete, an alterna-
tive would be to analyze locoregional recurrence patterns 

and to establish whether there is any relationship to the 
level of the IMA ligation. A study on regional mesenteric 
recurrence after anterior resection or left colectomy  [47]  
established that, in 79% of the cases, IMA angiography 
demonstrated that the main arteries to the primary tu-
mour had not been resected. In all patients with local re-
currence, a high ligation of the IMA had not been per-
formed, but the majority of cases also had residual supe-
rior rectal arteries.

  There is now enough evidence to suggest that high tie 
of the IMA does not lead to increased peri-operative 
complications  [15, 17, 46]  and/or mortality rates  [14, 15, 
17, 21, 46] . Despite the fact that approximately one fifth 
of the patients experience significant blood flow reduc-
tion after IMA clamping, ischaemia-related anastomotic 
complications are encountered in around 5% of the cases, 
mostly elderly male patients  [48] . Furthermore, a study 
comparing tissue oxygenation proximal to the colonic re-
section margin demonstrated that the marginal artery 
provides an adequate vascular supply to the transverse 
and descending colon  [49] , thus explaining the low anas-
tomotic leak rates reported after high IMA ligation  [39, 
45, 46, 50] . Although the superior hypogastric nerves are 
at risk, ligation of the IMA at its origin is the safest option 
in order to avoid damage to the autonomic nerves  [51, 52] , 
which permits preservation of sexual and urinary func-
tions in the great majority of the patients  [35, 36, 53] .

  The incidence of lymph node metastases along the 
IMA varies widely, and although initial studies reported 
higher rates  [14, 15, 32] , the majority of recent studies 
agree that metastatic deposits at the root of the IMA oc-
cur in less than 5% of the patients  [23, 24, 46, 54, 55] . Cen-
tral lymph node metastases are generally associated with 
deposits in other regional lymph nodes, but in up to 6% 
of the cases these might be the only involved nodes  [31, 
54] . It appears that involvement of central IMA nodes is 
the major determinant of disease-free survival, regard-
less of the status of the intermediate or paracolic nodes 
 [54] .

  Although data on lymph node retrieval rates are scarce, 
it appears that ligating the IMA at its origin from the 
aorta significantly increases the number of lymph nodes 
harvested  [25] , considering that as many as 10 lymph 
nodes have been found along the segment of the IMA be-
tween the aorta and the origin of the left colic artery  [15] . 
Indeed, this is supported by the fact that in all published 
series in which lymph node retrieval rates were disclosed, 
high IMA tie retrieved more that 12 lymph nodes  [18, 24, 
39, 45, 54, 55] , considered as being the minimum neces-
sary for accurate tumour staging  [3] .
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  The most important aspect of lymph node staging is 
the presence or absence of apical node involvement  [56, 
57] . Patients with apical node metastases have 5-year sur-
vival rates comparable to those presenting with distant 
metastases and are 2.5 times more likely to die from their 
tumour than patients with an uninvolved apical node 
 [16] . This has recently been confirmed by Kim et al.  [54] , 
who found that metastases at the root of the IMA appear 
to be an independent prognostic factor.

  To allow rigorous prognostic stratification, one must 
reduce the phenomenon of stage migration that might 
occur when comparing cohorts of patients who under-
went high versus   low ligation of the IMA. Indeed, a sig-
nificant proportion of Dukes’ C2 patients in the low-tie 
group would have been staged C1, had a high tie of the 
IMA been performed. It has been calculated that the rou-
tine use of high IMA ligation in suitable patients may re-
sult in the conversion of approximately 1 in 8 Dukes’ C2 
cases into Dukes’ C1 cases  [50] .

  The past two decades have seen an increasing popular-
ity of the laparoscopic approach in the surgical treatment 
of colorectal pathology, including malignant disease. For 
left colonic and rectal lesions, high ligation of the inferior 
mesenteric vessels is often performed as a first operative 
step, facilitating the mobilization of the splenic flexure 
and laparoscopic dissection in the anatomical planes  [58, 
59] . The laparoscopic technique is associated with a low 
peri-operative mortality rate and lymph node retrieval, 
local recurrence, and overall survival rates that at least 
match those reported in open surgery  [60–62] . More so, 
it facilitates autonomic nerve-preserving pelvic dissec-
tion with maintenance of adequate bladder and sexual 

function in the majority of the patients  [63] . Considering 
this, it is conceivable that ligation of the IMA at its origin 
from the aorta will remain the preferred option in lapa-
roscopic colorectal surgery.

  Conclusions 

 We believe that high ligation of the IMA can be per-
formed safely and does not represent a source of increased 
morbidity in surgery for rectal and left colonic cancers. In 
a small number of cases it might even be associated with 
an improved outcome, even though such evidence is large-
ly limited to retrospective studies. More important, IMA 
high tie leads to improved lymph node harvest, thus fa-
cilitating accurate tumour staging. By reducing the stage 
migration phenomenon, it predicts the outcome more ac-
curately, reliably identifies cases for adjuvant chemothera-
py, and allows a standardized comparison of surgery-de-
rived outcomes for individual units and surgeons.

  The technique of high ligation of the IMA and IMV is 
simple, facilitates complete mobilization of the left colon 
and fashioning of a tension-free anastomosis, ensures 
complete excision of the entire lymph-node-bearing 
mesocolon, and prevents potential intravascular dissem-
ination of cancer cells during tumour manipulation  [58, 
64] .

  Considering the above, it is conceivable that high tie 
of the IMA is finally coming off age a century after it was 
first advocated. Nevertheless, the need for a rigorous pro-
spective randomized trial comparing high and low IMA 
ligation remains more imperative than ever.
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