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Abstract
Background  There is no consensus on the level of vascular ligation and the extent of lymphadenectomy in the treatment of 
ileal tumors. This study aims to define lymphovascular bundles of the terminal ileal artery (TIA) and subsequent ileal arteries. 
It also aims to extrapolate results from two distinct methodologies to define the level of arterial ligation and the dissection 
area for radical and bowel-sparing surgery.
Methods  Analysis of 3D-CT mesenteric vascular reconstructions of 104 operated patients. The second dataset consisted of 
5 human cadavers for anatomical dissection. In one case, harvested viscera underwent the superior mesenteric artery (SMA) 
perfusion after ligation of the TIA.
Results  The calibers of the first three ileal arteries were: 2.67 ± 0.98 mm, 2.22 ± 0.78 mm, 2.31 ± 1.24 mm. The dis-
tances from the first three ileal arteries to the ileocolic artery (ICA) origin were: 12.45 ± 8.79 mm, 27.45 ± 13.47 mm, 
and 43.04 ± 16.94 mm. The SMA trifurcated in 61 (59%) of cases and bifurcated in 43 (41%). In 89 cases, the combined 
ICA + first jejunal artery caliber (6.7 ± 1.6 mm) was greater than the TIA caliber (4.84 ± 1.42 mm). The ileal artery lymphatic 
clearances were 0.85 mm to the preceding vessel. In the D3 volume at the ICA origin, 3–8 lymph nodes were observed. 
Internal calibers of the small bowel marginal artery, after selective TIA ligation and the SMA perfusion, were: proximal 
jejunal part 0.417 mm and distal ileal part 0.291 mm.
Conclusions  Ileal tumors are irrigated through the TIA, which can be ligated without consequences. Lymphadenectomy 
should encompass the adjacent vessels (1st jejunal artery, ICA) and can include the central nodes (D3 volume) at the surgeon’s 
preference. Preserving the adjacent vessels and the marginal artery is paramount for bowel-sparing surgery.

Keywords  Ileal tumor · D3 volume · Ileal artery · Lymphatic anatomy · Operative technique

The interest in surgical anatomy and techniques deployed in 
treating small bowel (SB) tumors was aroused early in the 
1920s when French authors observed that SB lymphatic ves-
sels were up to four times more diverse than the blood ves-
sels [1]. The conclusion at the time was that the jejunum and 

ileum have a wide field of lymphatic drainage, making radi-
cal and bowel-sparing surgery for SB tumors difficult [2]. It 
is worth noting that as early as 1930, Cokkins et al. high-
lighted the crucial function of mesenteric arches in blood 
supply to the SB [3]. They discovered that ligating the supe-
rior mesenteric artery (SMA) below the middle colic artery 
(MCA) origin and preserving the two most cranial jejunal 
arteries (JAs) allowed perfusion across the areas served by 
the seven cranial branches of the SMA and the distal ileum. 
However, this resulted in a non-perfused segment linked to 
the four caudal branches of the SMA. Additionally, Buffachi 
et al. showed that blood flow to most of the SB is sufficient 
when only the first upper three JAs remain perfused [4]. In 
addition, Cokkins found that selective ligation of the termi-
nal mesenteric arcade or recta arteries led to a distinctly non-
perfused segment [3]. Most of these data have, as of yet, not 
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been completely incorporated into the operative techniques 
deployed for the treatment of SB tumors.

The literature recommends that all resectable SB tumors, 
localized proximal to the last 20 cm of the ileum, should 
undergo organ-sparing segmental SB resection with lym-
phadenectomy while preserving the ileocolic vessels and 
mesenteric arcades [5]. Still, the tumor-feeding artery and 
the precise level of its ligature, as well as the extent of lym-
phadenectomy, are often vaguely defined [6–9]. Moreover, 
no landmark can be found that clearly depicts the transition 
point between the ileum and the jejunum [2]. Consequently, 
a single procedure, a “wedge” SB resection, is typically 
employed across the entire organ length, reaching an average 
of up to 7 m (unfortunately referred to as the jejunoileum) 
[10, 11].

Introducing complete mesocolic excision (CME), Central 
Vascular Ligation, and/or level III lymph node (LN) dis-
section (D3) in colorectal surgery seems to have improved 
survival rates in patients with advanced disease while simul-
taneously decreasing local recurrence rates and significantly 
increasing the number of harvested LNs [12–15]. The main 
goal of these procedures is to remove whole and uninjured 
arterial lymphovascular (LV) bundles and prevent lymphatic 
spillage during surgery [16, 17]. Nevertheless, the results 
of radical surgical resection of ileal tumors fail to meet the 
current standards of colonic cancer treatment [18]. The 
reason for the inferior number of harvested LNs (8 vs.12), 
increased local recurrence, and decreased overall survival 
can be related to insufficient surgical technique and tumor 
biology, but it can also be affiliated with the anatomy of the 
LV bundles and the complete lymphatic clearances of the 
ileal arteries (IAs) [19]. So far, the LV bundles and lym-
phatic clearances of the IAs have not been described in the 
literature.

This study aims to analyze the microanatomic specifics of 
ileal arterial irrigation and venous and lymphatic drainage 
through two distinct methodologies: anatomical dissection 
and 3D reconstruction of the mesenteric vascular anatomy. 
Furthermore, it aims to define the operative technique for 
treating ileal tumors proper, located at least 20 cm proximal 
to the ileocolic valve.

Materials and methods

Study settings

In this study, we utilized two distinct sets of data. The first 
source comprised data from a 3D-CT mesenteric vascular 
anatomy reconstructions dataset involving 104 patients 
enrolled in the “Surgery with Extended Mesenterectomy 
for SB Tumors” clinical trial. This trial received approval 
from the Regional Ethical Committee South-East, Norway, 

and was registered on clinicaltrials.gov [20]. Before surgery, 
each patient provided informed consent. The inclusion crite-
ria were age above 18 years, radiologically or scintigraphi-
cally diagnosed SB extra-duodenal tumors, and ability to tol-
erate general anesthesia. As part of the trial, the mesenteric 
vascular anatomy of the area was reconstructed in 3D based 
on the pre-operative staging CT dataset for all patients. For 
the purpose of the study, according to Spasojevic et al. the 
predefined D3 area is determined by the following borders 
[21]:

1.	 Cranial border: 5 mm cranially from the line that passes 
through the origins of the MCA and the gastrocolic 
trunk of Henle (GTH);

2.	 Lateral border: 1 cm to the right of the line along the 
right side of the superior mesenteric vein;

3.	 Caudal border: 1 cm distal to the line that runs through 
the origins of the ileocolic vein (ICV) and the ileocolic 
artery (ICA);

4.	 Medial border: the line along the left side of the SMA;
5.	 Anterior surface: the peritoneum
6.	 Posterior surface: the mesofascial plane.

The second dataset consisted of 5 embalmed human bod-
ies (two females and three males, aged 65–93 years) from 
the body donor program of the Anatomy Sector, Faculty of 
Medicine, University of Geneva, Switzerland. The use of 
the human cadaveric material did not require an Institutional 
Review Board (IRB) decision, as it was done following the 
Federal Act on Research involving Human Beings (Human 
Research Act, HRA), Guidelines of the Swiss Academy of 
Medical Sciences, and the principles of the Swiss Society 
of Anatomy, Histology, and Embryology [22–24]. Donors 
formally consented to the use of their body parts for research 
purposes after death by signing a body donation statement 
form [25].

Preoperative CT reconstruction

All patients in the first dataset underwent standard pre-
operative investigation for SB tumors, as per Norwegian 
guidelines. This involved an abdominal and pelvic CT scan, 
which was used for 3D vascular reconstruction. No new 
scans were ordered. The CT data set was analyzed using a 
2D multiplanar reconstruction with a maximum intensity 
projection and a 3D volume-rendering technique using the 
FDA-approved OSIRIX MD v.14.0 64-bit image-processing 
application software (Pixmeo, Bernex, Switzerland). The 
root of the mesentery and adjacent structures were precisely 
depicted using manual segmentation via the serial appli-
cation of Region of Interest (ROI) through editing tools: 
Open polygon, Pencil, and Repulsor. After attributing pixel 
values outside ROIs to air and inside to the original value, 
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the virtual 3D model was obtained by volume-rendering 
(VR). The identification, internal caliber, and course of the 
vascular structures within the root of the mesentery were 
analyzed according to the postulates for CT angiography of 
mesenteric vessels [26].

3D vascular reconstruction data collection

The 3D-reconstructed images and written reports were 
utilized for data collection, which involved measuring the 
internal calibers of the ICA, the MCA, the right colic artery 
(RCA), the ICV, the first jejunal artery (JA), the terminal 
ileal artery (TIA), and the first six IAs and ileal veins (IVs). 
Measurements included distances from the ICA origin and 
IAs origins, as well as between ICV origin and IVs origins. 
The IAs were counted from the ICA origin caudally, and 
IVs were counted caudally to the ICV origin. The caliber 
and distances of the first 6 IA and IVs are reported, as this 
number of vessels was typically identified. The first JA was 
identified as the most proximal artery cranial to the ICA 
origin, while the first IA was the most proximal artery cau-
dal to the ICA origin, in compliance with the definition of 
VanDamme and Bonte [27]. The position of the ICA/RCA 
relative to the SMV was noted as anterior or posterior to 
the SMV. The position of the Terminal Ileal Venous Trunk 
(TIVT) relative to the TIA was noted as anterior or poste-
rior to the TIA. The study also recorded the cases where 
the combined calibers of ICA/ICV and the first JA/first JV 
exceeded the caliber of the TIA/TIVT.

Additionally, the SMA branching pattern at the ICA’s ori-
gin was described. Bifurcation involved two branches of the 
SMA, namely ICA and TIA. Trifurcation consisted of three 
branches originating from the SMA: ICA, TIA, and first JA. 
The right side of the TIA was examined for arterial branches.

Anatomical dissection

The exclusion criteria for this study were pathology and/or 
prior surgery of the infracolic compartment of the abdomi-
nal cavity. The bodies were perfused transarterially with a 
Jores solution (1875 mL of 40% formaldehyde, 750 mL of 
chloralhydrate, 750 mg of Carlsbad salt, and 12,375 mL of 
distilled water) and stored in the refrigerator at 4 °C. After 
the corpses were adapted to the ambient temperature, the 
minute dissection began accessing the right infracolic com-
partment of the peritoneal cavity. The transverse mesocolon 
was pulled cranially, and the SB mesentery was fanned out 
from the proximal jejunum to the terminal ileum. Following 
the ICA fold, the SMA and SMV were identified, and the 
anterior leaf of the mesentery was carefully removed from 
the prospective area. The next phase included microdissec-
tion, carried out by narrow spatulas, micro-dissection scis-
sors, small tweezers, and curved forcepses, with the help 

of a 5× magnifying glass with a fluorescent ring lamp. The 
subserosal fatty tissue was removed by gentle scraping, and 
within it, the LV bundles and LNs were identified. These 
structures followed closely the arborization of the SMA 
branches and the SMV affluents, which were also disposed. 
The course of the lymph vessels was followed, and they were 
separated from the underlying nerve plexuses and connective 
tissue without disturbing their native anatomical position. 
The working field was regularly sprayed with a phenol solu-
tion throughout the dissection, preserving the original tex-
ture. The syntopy of the anatomical entities in the area was 
carefully observed and noted. The following measures were 
taken with the aid of the digital Vernier electronic caliper (S 
Cal Work 150 mm, Sylvac, Crissier, Switzerland):

–	 External calibers of the first JA (from the ICA origin), 
the first 3 IAs of the ICA, and of the SMA immediately 
below the ICA origin

–	 Distance between each of the three IAs and its neighbor-
ing accompanying lower lymph vessel

–	 Caliber and crossing pattern of the first IVs correspond-
ing to the three IAs

We also noted the number of LNs associated with the ICA 
and ICV origins within the D3 volume [21].

Mimics segmentation and 3‑matic morphometry

In one of the 5 cases, the harvesting of viscera was per-
formed on a fresh cadaver so that it could undergo imag-
ing. This specimen consisted of the pancreas, duodenum, 
mesentery, jejunoileum, cecum, ascending colon, and trans-
verse mesocolon, all harvested en bloc. The root of the SMA 
was cannulated and thoroughly rinsed with tepid water to 
evacuate the blood clots. Then, following the ileocecal fold, 
the SMA was identified and ligated immediately below 
the depart of the ICA. Afterward, the SMA was carefully 
injected with a solution consisting of 20% of barium-sul-
fate, 60% of liquid latex, and 20% of isotonic saline. The 
injection was halted upon the appearance of epi-intestinal 
vessels on the SB surface. The specimen underwent CT 
imaging, performed on a LightSpeed VCT (GE Medical 
Systems), with the following scanning parameters: slice 
thickness 0.625 mm, spacing between slices 0.300 mm, 
voltage 120 kV, X-ray tube current 500 mA; single collima-
tion width 0.625 mm; scan-pitch ratio 0.984:1. The excisate 
was afterward submerged into the same Jores solution as 
mentioned above. The specimen underwent image analysis 
using Mimics Medical Image Processing Software ver. 24.0, 
and 3-matic medical software ver. 16.0, both for Windows 
10 Pro × 64 (Materialise NV, Leuven, Belgium). The tools 
applied were Threshold, Region Grow, Multiple Slice Edit 
with Interpolation, Boolean Operation, Crop Mask, and 
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Morphology Operations. After obtaining the initial synop-
tic mask, the paraintestinal arcade was depicted as a sepa-
rate entity. The segmentation results were exported as still 
images, videos, STL files, and 3D PDFs.

Statistical analysis

Parametric or nonparametric methods analyzed data. 
Observed characteristics were expressed as mean values, 
standard deviation, and median with interquartile range 
(IQR). We used the Kolmogorov–Smirnov test to assume 
normality. IBM SPSS Statistics 21 (Chicago, Illinois, USA) 
was used for the analysis.

Results

3D vascular reconstruction dataset

A total of 104 patients were included in the first dataset (63 
(60.6%) males, median age 62.5 (IQR 18) years).

The arteries

The morphometric measurements of the ICA, RCA, 
MCA, TIA, IA 1–6, and first JA are shown in Table 1. 
The ICA, MCA and TIA were present in all cases, while 
the RCA was found in 21 cases (20.2%). In one case, ICA 

and MCA had a common trunk. The MCA crossed SMV 
anteriorly in all cases. The RCA crossed the SMV ante-
riorly, except in one case. The ICA crossed SMV ante-
riorly in 35 cases (33.7%) and posteriorly in 69 cases 
(66.3%). The TIA crossed SMV/TIVT anteriorly in 15 
cases (14.4%) and posteriorly in 89 cases (85.6%). The 
median number of JAs was 4 (2). The median number of 
IA was 6 (4), and the number of identified IAs ranged 
from 1 to 18. The mean distance between the first two IA 
(IA1-IA2) was 15.4 ± 8.8 mm. The caliber of the TIA was 
4.84 ± 1.42 mm. In 89 cases, the combined ICA + first JA 
caliber (6.7 ± 1.6 mm) was greater than the TIA caliber, 
while in 15 cases, it was lower. SMA trifurcated in 61 
(59%) cases, while bifurcation was present in 43 (41%).

The veins

The caliber and distances for the ICV, IV1-6, and JV1 
are shown in Table 1. The median number of IVs was 4 
(3), and the number of identified IVs ranged from 1 to 14. 
The mean distance between the first two IVs (IV1-IV2) 
was 22.3 ± 11.5 mm. TIVT was present in all patients and 
crossed SMA/TIA anteriorly in 89 (85.6%) cases. In 96 
cases, the combined ICV + JV1 caliber was greater than 
the TIVT caliber, while in 8 cases, it was lower. SMV tri-
furcated in 53 (50.8%) cases, while bifurcation was present 
in 51 (49.2%).

Table 1   Descriptive morphometric statistics for the colic and ileal arteries/veins, derived from the 3D-CT reconstruction of the vascular anatomy

All metric measurements are given in millimeters
ICA ileocolic artery, RCA​ right colic artery, MCA middle colic artery, JA jejunal artery, IA (IA2, i.e. second ileal artery), TIA terminal ileal 
artery, a terminal portion of superior mesenteric artery below ICA origin, JV jejunal vein, IV ileal vein, TIVT terminal ileal venous trunk (termi-
nal branch of Superior Mesenteric Vein), ICV ileocolic vein. ICA distance the distance of each IA or JA to the ICA, ICV distance the distance of 
each IV or JV to the ICV, N/A not applicable

The arteries

Vari-
ables

First JA IA1 IA2 IA3 IA4 IA5 IA6 ICA, RCA, 
MCA

TIA

Caliber 3.1 ± 1.0 2.67 ± 0.98 2.22 ± 0.78 2.31 ± 1.24 2.03 ± 0.78 2.06 ± 0.61 1.94 ± 0.69 3.5 ± 0.9, 
2.2 ± 0.8, 
3.2 ± 0.2

4.85 ± 1.42

ICA 
dis-
tance

10.9 ± 5.7 12.45 ± 8.79 27.45 ± 13.47 43.04 ± 16.94 53.40 ± 18.01 65.33 ± 21.51 79.67 ± 23.59 N/A, 
13.96 ± 5.8, 
25.14 ± 11.2

N/A

The veins

Vari-
ables

First JV IV1 IV2 IV3 IV4 IV5 IV6 ICV TIVT

Caliber 9.2 ± 5.1 5.60 ± 2.00 3.60 ± 1.26 3.14 ± 1.43 2.62 ± 0.96 2.40 ± 0.87 2.26 ± 0.71 0.47 ± 0.16 0.80 ± 0.19
ICV 

dis-
tance

19.5 ± 9.0 18.69 ± 10.13 40.99 ± 13.96 62.00 ± 15.71 76.45 ± 19.01 89.56 ± 19.48 103.28 ± 27.11 N/A N/A
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Anatomical dissection dataset

The results of the cadaveric dissections are presented in 
Table 2. The second dataset consisted of three male and two 
female cadavers with a mean age of 80.6 years. The external 
calibers of the first three IAs (counting from the ICA origin) 
were as follows: 3.35 mm, 2.39 mm, and 2.86 mm, respec-
tively. The mean SMA caliber just below the ICA departure 
was 5.76 mm. In one case, there was a common MCA-ICA 
trunk, and the SMA caliber was measured below its origin. 
The analysis of LNs in the small portion of the D3 volume 
related to the ICA origin revealed between 3 and 8 nodes in 
this area. In the area irrigated by the mentioned 3 IAs, there 
were 1–2 main IVs, which mainly crossed the SMA anteri-
orly and had a mean caliber of 6.12 mm. The lymph vessels 
in the proximal ileal portion of the mesentery had a mean 

distance of 0.85 mm to the preceding IA they accompanied. 
The ileal LV network distally showed less distinction, with 
overlapping and mutual anastomosing of lymph vessels, 
making it difficult to establish the precise distance between 
the remainder of IAs and their lymph vessels. However, the 
final lymph draining ducts followed the SMA trunk crani-
ally, forming the definite large collector lymph channel at 
the level of the SMA jejunal portion (Fig. 1). Parallel to 
it, but to the left, was a distinct LV network following the 
ileocolic vessels. It is important to note that the IAs emerged 
exclusively from the left-hand side of the SMA.

Mimics segmentation and 3‑matic morphometry results

After thresholding, segmentation, and calculating part pro-
cedure, the 3D mask revealed that the ligature was, in fact, 

Table 2   Descriptive statistics for the anatomical dissections of human cadavers

All metric measurements are given in millimeters
IA caliber external diameter of IA from the ICA origin downwards, LyNo lymph nodes in D3 volume on the ICA origin, TIA terminal ileal artery 
external diameter, SMA portion below ICA origin, ICA caliber ICA external diameter, LyVe dist. LyVe distal to IA (from ICA), IV caliber exter-
nal diameter of IVs from the ICV origin downwards, 1st JA caliber 1st JA external diameter, cranial to the ICA, Multiple values separated by 
the semicolon represent separate blood vessel (IA, lymph vessel, IV); Abbreviations “ant” and “post” in IV caliber column represent the course/
position of the IV to the adjacent IA, cTr common trunk

Cadaver Age Sex IA cal LyNo LyVe dist TIA cal ICA cal IV cal 1st JA cal

1 65 M 3.00; 2.55; 2.20 5 0.50; 0.65; 1.05 4.7 5.25 (cTr 
with MCA)

5.20 ant 3.65

2 93 F 2.20; 1.25; 3.30 4 0.90; 0.70; 0.60 4.3 3.35 8.55 ant; 2.85 ant 2.9
3 70 F 3.65; 2.15; 3.10 8 1.40; 0.85; 0.75 5.6 3.95 10.00 ant; 7.20 ant 4.15
4 86 M 4.65; 3.55; 3.25 4 1.6; 0.4; 1.2 7.40 5.80 4.3 ant 6.1
5 89 M 3.20; 2.80; 2.45 3 0.90; 0.65; 0.55 6.8 4.2 5.4 post 3.70

Fig. 1   Anatomical dissection of the lymph vessels at the level of the SMA tripod. ICA ileocolic artery, JA jejunal artery, IA (IA2, i.e., second 
ileal artery), TIA terminal ileal artery, a terminal portion of superior mesenteric artery below ICA origin, D3 volume [21]
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just below the first ileal artery (as counted from the ICA). 
The arterial arborization presented a retrograde filling of 
the ileal para-intestinal arcade via ICA and its ileal branch 
(Fig. 2). Considering that the highest injection pressure 
was at the proximal part of the SMA, one clearly visualizes 
better filling of the duodenal and proximal jejunal vascular 
tree. The following calibers of the marginal artery of the 
SB (i.e., the para-intestinal arcade-jejunal portion) were 
obtained: upper internal jejunal caliber of 0.417 mm, lower 
internal ileal caliber of 0.291 mm, length (over the surface) 
of 460.59 cm.

Discussion

Our research highlights the importance of LV arterial bun-
dles and their anatomy when operating on ileal tumors. 
The current definition of the ileum is somewhat vague, not 
providing the surgeon with a clear landmark between the 
ileum and jejunum. This missing landmark also seems to 
perpetuate the wedge or “pizza pie” and/or “all in one” type 
of SB resection [11]. This fact encourages us to explore the 
possibility that surgical procedure for treating proper ileal 
tumors could and/or should differ from those employed for 
the jejunum [28]. Namely, jejunal tumors can be irrigated 
through several distinct arteries arising from the SMA, while 
proper ileal tumors are considered a single-vessel disease 
if the definition of VanDamme and Bonte is accepted [27].

Gillot describes the SMA tripod, essentially placing 
the origin of the ICA between the ileal and jejunal arter-
ies, something that is not only practical for surgeons to 
accept but also easy to find at surgery [29]. VanDamme and 
Bonte further state that the distal SMA branches fuse with 
the ileal branch of the ICA [27]. Our results confirm both 
the trifurcation/bifurcation pattern and the anastomosis to 
the distal marginal artery along the SB. No arterial origins 
were detected on the right-hand side of the TIA, indicating 
that preservation of the ICA and its ileal branches is para-
mount for bowel-sparing oncologic surgery. Numerous small 
caliber IAs arise from the left-hand side of the TIA, making 
a denser network of ileal arcades, also described in Grays’s 
Anatomy (8–12 IAs) [2]. Their smaller caliber (compared to 
JAs) renders the irrigation provided by these vessels of lesser 
importance when compared to the calibers of the vasa recta 
and the marginal SB artery (traversing the whole length of 
the SB mesentery), as demonstrated through our 3D injected 
model (Fig. 2). The joint caliber of the ICA and JA1 also 
contributes to this network, most often of larger caliber than 
of the potentially ligated TIA.

On the other hand, anatomical dissection clearly defines 
the LV bundles of the SMA tripod, TIA, the first JA, and the 
IAs (Fig. 1, Digital Supplemental Content). The LV bundle 
of the ICA has been previously described [21].

The implications for surgeons and the surgery seem clear 
when the results of the two distinct methodologies are fused. 
Unlike jejunal tumors, proper ileal tumors are a one-vessel 

Fig. 2   Mimics segmentation of the perfused excisate’s paraintestinal marginal artery. SMA superior mesenteric artery, ICA ileocolic artery, JA1 
first jejunal artery, IA1 first ileal artery, TIA terminal ileal artery, a terminal portion of the superior mesenteric artery below the ICA origin
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disease, and the tumor’s irrigating artery is the TIA in all 
cases [28]. In a D2 SB resection, when a mesenteric mass 
is present, the TIA should be ligated at its origin, distal to 
the ICA’s origin. Since the vascular dissection occurs within 
the vascular sheath of the SMA and TIA, it is also safe to 
perform lymphadenectomy along the TIA to the tumor-
feeding ileal vessel when a mesenteric mass is absent; in 
this scenario, ligature of the TIA should be done at the level 
of a preceding IA. Lymphadenectomy should be performed 
along the ICA on one side and the first JA on the other, 
extending to the first arcade. It is important to note that this 
lymphadenectomy to the first arcade allows for preserving 
the remaining arcades in the mesentery, thus minimizing 
the loss of SB length, as illustrated in Fig. 3. This lymphad-
enectomy will always include LNs in the SMA tripod area 
(3–8 LNs). Additionally, through lymphatic mapping, Wang 
et al. showed that when the mesenteric mass blocks lym-
phatic flow, the tumor’s lymph drainage shifts longitudinally 
along the bowel, reaching the first open lymphatic vessel 
and then moving radially towards the mesenteric root [30]. 
The operative strategy described will encompass all similar 
cases. It is paramount to preserve the ICA, the first JA and 

the marginal artery/first arcade to ensure a complication-free 
postoperative period [31]. If the surgeon decides to perform 
a D3 SB resection, the D3 volume can be removed en bloc 
with the specimen, as we have previously described [21]. 
The literature indicates that LN metastases frequently occur 
in the D3 volume when operating on SB tumors. Bartsch 
et al. reported a median LN harvest of 13 LNs and the occur-
rence of level II macroscopic LN metastases in up to 88% 
of patients operated with segmental SB resection (i.e. LNs 
from the junction of the ICA and SMA extending to the 
horizontal portion of the duodenum and the lower margin 
of the pancreatic body) [8]. Pasquer et al. noted the median 
of 30 LNs resected, with the highest median LN ratio of 
0.14 (the number of LN metastases to the number of LNs 
removed) in group 3 LNs (i.e. retropancreatic LNs). They 
observed the presence of “skip metastases” in group 2 LNs 
(i.e. along the SMA) and group 3 LNs in 57% of cases [32]. 
These two articles depict two extended mesenterectomy vol-
umes that are not comparable, implying the need for stand-
ardization according to anatomical landmarks with the aim 
of reproducibility. Another point is that the mesentery is a 
three-dimensional structure in which LNs are located both 
anterior and posterior to the SMA/SMV [21]. Due to the LN 
mesenteric masses and mesenteric shrinkage that can occur, 
the dissection in the central mesentery does raise the risk of 
vascular injury, subsequent bleeding, and loss of additional 
SB length. During the dissection in the SMA tripod area, 
preoperative awareness of the ICA’s course relative to the 
SMV (anterior in 35 cases) could lower the risk of injury 
and the need for ileocecal resection in proper ileal tumor sur-
gery. Additionally, anatomical variations in the tripod area 
(including one case of an ICA-MCA common trunk) have 
been previously reported, which adds to the anatomical com-
plexity [33]. This highlights the importance of the 3D-CT 
reconstructed vascular roadmap, which reduces operative 
time, helps prevent injuries, and offers solutions when they 
happen [34–36].

Furthermore, accompanying the ligation of the TIA, the 
question of the TIVT ligation should be addressed. The lym-
phovascular bundles of the mesentery follow the arteries 
and not the veins [16, 21]. Consequently, the TIVT ligation 
point does not impact D2 or D3 dissection. However, it does 
affect the likelihood of vein stump thrombosis if the vein is 
not ligated at the confluence, resulting in a longer venous 
stump [37, 38].

When all the above is considered, it paradoxically implies 
that a more central arterial ligation (larger caliber vessel) 
facilitates bowel-sparing surgery by preserving the ICA on 
one side and the arcades of the 1st JA on the other, preserv-
ing the vasa recta on the remaining bowel (Fig. 3). This 
is also clearly demonstrated through the cadaveric speci-
men, where the injected dye perfused the whole specimen 
despite the ligation of the TIA (Fig. 2). While not presenting 

Fig. 3   The D2 and D3 levels of dissection and the proposed tech-
nique of extended mesenterectomy. ICA ileocolic artery, JA jejunal 
artery, IAs ileal arteries, TIA terminal ileal artery, a terminal portion 
of Superior Mesenteric Artery below ICA origin, TIVT terminal ileal 
venous trunk (terminal branch of Superior Mesenteric Vein), ICV ile-
ocolic vein, SMA superior mesenteric artery, SMV superior mesen-
teric vein, marginal artery paraintestinal ileal arcade, Tu tumor, GTH 
gastrocolic trunk of henle, MCA middle colic artery. Blue line—D2 
dissection line- Lymphadenectomy should follow the ICA on one side 
and the 1st jejunal artery on the other, to the first arcade. Red dashed 
line—D3 volume dissection line
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scientific proof for this statement, it seems that the major-
ity of patients also have an adequate sum of the ICA/JA1 
calibers when compared to the caliber of the TIA. We must 
inform the readership that this technique is currently being 
performed in our clinical trial (Fig. 4).

Conclusion

All tumors arising in the ileum are irrigated through the 
TIA, which can be ligated without consequences. Lymphad-
enectomy should encompass the proximal vessel (JA1) and 
the distal vessel (ICA) and can include the central nodes 
(D3 volume) at the surgeon’s preference. Preserving the ICA 
and the JA1, as well as the marginal artery, is of paramount 
importance for bowel-sparing surgery.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00464-​025-​11590-y.
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SMA superior mesenteric artery, SMV superior mesenteric vein, 
marginal artery paraintestinal ileal arcade, Tu tumor, GTH gastrocolic 
trunk of Henle, MCA middle colic artery, JV jejunal vein, SV splenic 
vein, IMV inferior mesenteric vein

https://doi.org/10.1007/s00464-025-11590-y
https://classic.clinicaltrials.gov/ct2/show/NCT05670574
https://classic.clinicaltrials.gov/ct2/show/NCT05670574


2719Surgical Endoscopy (2025) 39:2711–2720	

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.	 Descomps P, Turnesco D (1922) Les grands courants lympha-
tiques de l’abdomen, leur convergence, leurs ganglions satel-
lites. Arch Franco-Belges Chir 1:298–319

	 2.	 Gabe MS (2016) Small intestine. In: Stranding S, Stringer M, 
Gray H (eds) Gray’s anatomy: the anatomical basis of clinical 
practice, 41st edn. Elsevier Limited, London, pp 1129–1130

	 3.	 Cokkins AJ (1930) Observations on the mesenteric circulation. 
J Anat 2:200–205

	 4.	 Bufacchi P, Gomes-Jorge M, Walter T, Poncet G, Pasquer A 
(2024) Mesenteric sparing approach for advanced nodal extent 
in small intestinal neuroendocrine tumors. Is there a limit to 
the vascular resection in order to avoid creating a short small 
bowel syndrome? An anatomic research study. Surg Radiol Anat 
46:811–823. https://​doi.​org/​10.​1007/​S00276-​024-​03356-3

	 5.	 Lamarca A, Bartsch DK, Caplin M, Kos-Kudla B, Kjaer A, 
Partelli S, Rinke A, Janson ET, Thirlwell C, van Velthuysen 
MLF, Vullierme MP, Pavel M (2024) European Neuroendocrine 
Tumor Society (ENETS) 2024 guidance paper for the manage-
ment of well-differentiated small intestine neuroendocrine 
tumours. J Neuroendocrinol. https://​doi.​org/​10.​1111/​jne.​13423

	 6.	 Pasquer A, Walter T, Hervieu V, Forestier J, Scoazec JY, Lom-
bard-Bohas C, Poncet G (2015) Surgical management of small 
bowel neuroendocrine tumors: specific requirements and their 
impact on staging and prognosis. Ann Surg Oncol 22:742–749. 
https://​doi.​org/​10.​1245/​s10434-​015-​4620-2

	 7.	 Deguelte S, Perrier M, Hammoutene C, Cadiot G, Kianmanesh 
R (2020) Surgery and perioperative management in small intes-
tinal neuroendocrine tumors. J Clin Med 9:1–20

	 8.	 Bartsch DK, Windel S, Kanngießer V, Jesinghaus M, Holzer K, 
Rinke A, Maurer E (2022) Vessel-sparing lymphadenectomy 
should be performed in small intestine neuroendocrine neo-
plasms. Cancers 14:3610. https://​doi.​org/​10.​3390/​cance​rs141​
53610

	 9.	 Hallet J, Law C (2021) Extent of lymph node dissection for 
small bowel neuroendocrine tumors. World J Surg 45:197–202. 
https://​doi.​org/​10.​1007/​s00268-​020-​05710-z

	10.	 Joergenson EJ, Weibel LA, Angeles L (1951) A study of small 
bowel tumors with special emphasis on clinical aspects. Calif 
Med 75:395–399

	11.	 Spasojevic M, Naesgaard JM, Ignjatovic D (2012) Perforated 
midgut diverticulitis: revisited. World J Gastroenterol 18:4714–
4720. https://​doi.​org/​10.​3748/​wjg.​v18.​i34.​4714

	12.	 Banipal GS, Stimec BV, Andersen SN, Edwin B, Nesgaard JM, 
Šaltytė Benth J, Ignjatovic D (2024) Are metastatic central 
lymph nodes (D3 volume) in right-sided colon cancer a sign 
of systemic disease? A sub-group analysis of an ongoing mul-
ticenter trial. Ann Surg 279:648–656. https://​doi.​org/​10.​1097/​
SLA.​00000​00000​006099

	13.	 Hohenberger W, Weber K, Matzel K, Papadopoulos T, Merkel 
S (2009) Standardized surgery for colonic cancer: complete 
mesocolic excision and central ligation—technical notes and 
outcome. Colorectal Dis 11:354–364. https://​doi.​org/​10.​1111/j.​
1463-​1318.​2008.​01735.x

	14.	 Bertelsen CA, Neuenschwander AU, Jansen JE, Wilhelmsen M, 
Kirkegaard-Klitbo A, Tenma JR, Bols B, Ingeholm P, Rasmus-
sen LA, Jepsen LV, Iversen ER, Kristensen B, Gögenur I (2015) 
Disease-free survival after complete mesocolic excision com-
pared with conventional colon cancer surgery: a retrospective, 
population-based study. Lancet Oncol 16:161–168. https://​doi.​
org/​10.​1016/​S1470-​2045(14)​71168-4

	15.	 Ignjatovic D, Bergamaschi R, Stimec V (2018) The forgotten 
nodes: a narrative review. Ann Laparosc Endosc Surg. https://​
doi.​org/​10.​21037/​ales-​24-​23

	16.	 Nesgaard JM, Stimec BV, Soulie P, Edwin B, Bakka A, Ign-
jatovic D (2018) Defining minimal clearances for adequate 
lymphatic resection relevant to right colectomy for cancer: a 
post-mortem study. Surg Endosc 32:3806–3812. https://​doi.​org/​
10.​1007/​s00464-​018-​6106-3

	17.	 Agustsdottir EES, Stimec BV, Stroemmen TT, Sheikh AE, Elai-
yarajah I, Lindstroem JC, Ignjatovic D (2020) Preventing chy-
lous ascites after right hemicolectomy with D3 extended mes-
enterectomy. Langenbecks Arch Surg 405:1017–1024. https://​
doi.​org/​10.​1007/​S00423-​020-​01938-4

	18.	 Young JI, Mongoue-Tchokote S, Wieghard N, Mori M, Vaccaro 
GM, Sheppard BC, Tsikitis VL (2016) Treatment and survival 
of small-bowel adenocarcinoma in the United States. Dis Colon 
Rectum 59:306–315. https://​doi.​org/​10.​1097/​DCR.​00000​00000​
000562

	19.	 Overman MJ, Hu CY, Kopetz S, Abbruzzese JL, Wolff RA, 
Chang GJ (2012) A population-based comparison of adenocar-
cinoma of the large and small intestine: insights into a rare dis-
ease. Ann Surg Oncol 19:1439–1445. https://​doi.​org/​10.​1245/​
s10434-​011-​2173-6

	20.	 ClinicalTrials.gov. (2023) Surgery with extended (D3) mesenter-
ectomy for small bowel tumors. https://​clini​caltr​ials.​gov/​study/​
NCT05​670574

	21.	 Spasojevic M, Stimec BV, Dyrbekk APH, Tepavcevic Z, Edwin 
B, Bakka A, Ignjatovic D (2013) Lymph node distribution in the 
d3 area of the right mesocolon: implications for an anatomically 
correct cancer resection. A postmortem study. Dis Colon Rectum 
56:1381–1387. https://​doi.​org/​10.​1097/​01.​DCR.​00004​36279.​
18577.​D3

	22.	 Federal Act on Research involving Human Beings (Human 
Research Act, HRA)

	23.	 The Swiss Society of Anatomy, Histology and Embryology 
(SSAHE). https://​www.​ssahe.​ch/​scan.​php

	24.	 Guidelines of the Swiss Academy of Medical Sciences. https://​
www.​samw.​ch/​en/​Publi​catio​ns/​Medic​al-​ethic​al-​Guide​lines.​html

	25.	 https://​www.​unige.​ch/​medec​ine/​anato​mie/​don-​du-​corps
	26.	 Ferrari V, Carbone M, Cappelli C, Boni L, Melfi F, Ferrari M, 

Mosca F, Pietrabissa A (2012) Value of multidetector computed 
tomography image segmentation for preoperative planning in gen-
eral surgery. Surg Endosc 26:616–626. https://​doi.​org/​10.​1007/​
s00464-​011-​1920-x

	27.	 VanDamme J-PJ (1993) Behavioral anatomy of the abdominal 
arteries. Surg Clin North Am 73:699–725. https://​doi.​org/​10.​
1016/​S0039-​6109(16)​46081-0

	28.	 Vasic T, Stimec M, Stimec BV, Kjæstad E, Ignjatovic D (2025) 
Jejunal lymphatic and vascular anatomy defines surgical princi-
ples for treatment of jejunal tumors. Dis Colon Rectum. https://​
doi.​org/​10.​1097/​DCR.​00000​00000​003644

	29.	 Gillot C, Hureau J, Aaron C, Martini R, Thaler G (1964) The 
superior mesenteric vein, an anatomic and surgical study of 
eighty-one subjects. J Int Coll Surg 41:339–369

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/S00276-024-03356-3
https://doi.org/10.1111/jne.13423
https://doi.org/10.1245/s10434-015-4620-2
https://doi.org/10.3390/cancers14153610
https://doi.org/10.3390/cancers14153610
https://doi.org/10.1007/s00268-020-05710-z
https://doi.org/10.3748/wjg.v18.i34.4714
https://doi.org/10.1097/SLA.0000000000006099
https://doi.org/10.1097/SLA.0000000000006099
https://doi.org/10.1111/j.1463-1318.2008.01735.x
https://doi.org/10.1111/j.1463-1318.2008.01735.x
https://doi.org/10.1016/S1470-2045(14)71168-4
https://doi.org/10.1016/S1470-2045(14)71168-4
https://doi.org/10.21037/ales-24-23
https://doi.org/10.21037/ales-24-23
https://doi.org/10.1007/s00464-018-6106-3
https://doi.org/10.1007/s00464-018-6106-3
https://doi.org/10.1007/S00423-020-01938-4
https://doi.org/10.1007/S00423-020-01938-4
https://doi.org/10.1097/DCR.0000000000000562
https://doi.org/10.1097/DCR.0000000000000562
https://doi.org/10.1245/s10434-011-2173-6
https://doi.org/10.1245/s10434-011-2173-6
https://clinicaltrials.gov/study/NCT05670574
https://clinicaltrials.gov/study/NCT05670574
https://doi.org/10.1097/01.DCR.0000436279.18577.D3
https://doi.org/10.1097/01.DCR.0000436279.18577.D3
https://www.ssahe.ch/scan.php
https://www.samw.ch/en/Publications/Medical-ethical-Guidelines.html
https://www.samw.ch/en/Publications/Medical-ethical-Guidelines.html
https://www.unige.ch/medecine/anatomie/don-du-corps
https://doi.org/10.1007/s00464-011-1920-x
https://doi.org/10.1007/s00464-011-1920-x
https://doi.org/10.1016/S0039-6109(16)46081-0
https://doi.org/10.1016/S0039-6109(16)46081-0
https://doi.org/10.1097/DCR.0000000000003644
https://doi.org/10.1097/DCR.0000000000003644


2720	 Surgical Endoscopy (2025) 39:2711–2720

	30.	 Wang YZ, Joseph S, Lindholm E, Lyons J, Boudreaux JP, Wolter-
ing EA (2009) Lymphatic mapping helps to define resection mar-
gins for midgut carcinoids. Surgery 146:993–997. https://​doi.​org/​
10.​1016/j.​surg.​2009.​09.​005

	31.	 Nightingale J, Woodward JM (2006) Guidelines for management 
of patients with a short bowel. Gut 55:1–12. https://​doi.​org/​10.​
1136/​gut.​2006.​091108

	32.	 Pasquer A, Walter T, Rousset P, Hervieu V, Forestier J, Lom-
bard-Bohas C, Poncet G (2016) Lymphadenectomy during small 
bowel neuroendocrine tumor surgery: the concept of skip metas-
tases. Ann Surg Oncol 23:804–808. https://​doi.​org/​10.​1245/​
s10434-​016-​5574-8

	33.	 Nesgaard JM, Stimec BV, Bakka AO, Edwin B, Ignjatovic D, 
Oresland T, Færden E, Thorsen Y, Andersen S, Negaard A, Dicko 
A, Pfeffer F, Forsmo H, Ytre-Hauge S, Jacobsen R, Brandis M, 
Hansen T, Suhrke P, Willard CD, Luzon J, Sevinç B, Andersen T, 
Gaupset R, Bergamaschi R (2017) Navigating the mesentery: part 
II. Vascular abnormalities and a review of the literature. Colorec-
tal Dis 19:656–666. https://​doi.​org/​10.​1111/​codi.​13592

	34.	 Nesgaard JM, Stimec BV, Bakka AO, Edwin B, Ignjatovic D 
(2015) Navigating the mesentery: a comparative pre- and per-
operative visualization of the vascular anatomy. Colorectal Dis 
17:810–818. https://​doi.​org/​10.​1111/​codi.​13003

	35.	 Moen TM, Stimec B, Ignjatovic D (2022) The use of a vascu-
lar roadmap at surgery evens out surgeons’ expectations on 
operating time, blood loss, lymph nodes harvest and operative 
difficulty when performing right colectomy with extended D3 

mesenterectomy. Chirurgia 117:579–584. https://​doi.​org/​10.​
21614/​chiru​rgia.​2766

	36.	 Willard CD, Kjaestad E, Stimec BV, Edwin B, Ignjatovic D, 
Oresland T, Bakka AO, Reiertsen O, Færden AE, Thorsen Y, 
Andersen SN, Negaard A, Dicko A, Pfeffer F, Forsmo H, Ytre-
Hauge S, Nesgaard JM, Jacobsen R, von Brandis KML, Suhrke 
P, Luzon J, Sevinç B, Andersen BT, Gaupset R, Bergamaschi R, 
Pullig F, Baral J, Ruiz MG, Lindstrøm J, Sheikh AE, Strommen 
T (2019) Preoperative anatomical road mapping reduces vari-
ability of operating time, estimated blood loss, and lymph node 
yield in right colectomy with extended D3 mesenterectomy for 
cancer. Int J Colorectal Dis 34:151–160. https://​doi.​org/​10.​1007/​
s00384-​018-​3177-5

	37.	 Schroeder C, Draper KR (2003) Laparoscopic cholecystectomy for 
triple gallbladder. Surg Endosc 17:1322. https://​doi.​org/​10.​1007/​
s00464-​002-​4548-z

	38.	 Miyoshi R, Nishikawa S, Tamari S, Noguchi M, Hijiya K, Chi-
hara K (2018) Pulmonary vein thrombosis after lobectomy with 
vein stump closure by ligation. Asian Cardiovasc Thorac Ann 
26:546–551. https://​doi.​org/​10.​1177/​02184​92318​802141

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

https://doi.org/10.1016/j.surg.2009.09.005
https://doi.org/10.1016/j.surg.2009.09.005
https://doi.org/10.1136/gut.2006.091108
https://doi.org/10.1136/gut.2006.091108
https://doi.org/10.1245/s10434-016-5574-8
https://doi.org/10.1245/s10434-016-5574-8
https://doi.org/10.1111/codi.13592
https://doi.org/10.1111/codi.13003
https://doi.org/10.21614/chirurgia.2766
https://doi.org/10.21614/chirurgia.2766
https://doi.org/10.1007/s00384-018-3177-5
https://doi.org/10.1007/s00384-018-3177-5
https://doi.org/10.1007/s00464-002-4548-z
https://doi.org/10.1007/s00464-002-4548-z
https://doi.org/10.1177/0218492318802141

	Lymphatic and vascular anatomy define surgical principles for bowel-sparing radical treatment of ileal tumors
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Materials and methods
	Study settings
	Preoperative CT reconstruction
	3D vascular reconstruction data collection
	Anatomical dissection
	Mimics segmentation and 3-matic morphometry
	Statistical analysis

	Results
	3D vascular reconstruction dataset
	The arteries
	The veins

	Anatomical dissection dataset
	Mimics segmentation and 3-matic morphometry results


	Discussion
	Conclusion
	Acknowledgements 
	References




