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Abstract

Objectives: Anatomical understanding of the internal iliac vessels is important with the increasing fre-
quency of minimally-invasive pelvic surgery. We aimed to investigate the branch patterns of internal iliac
vessels, especially the veins.

Methods: This study included 30 patients with 60 half-pelvises who underwent minimally-invasive pelvic
surgery. Branch patterns were assessed on surgical videos with a multi-detector computed tomography-
based three-dimensional simulation. Branch patterns of the superior gluteal artery and vein (SGA and
SGV), inferior gluteal artery and vein (IGA and IGV), internal pudendal artery and vein (IPA and IPV),
and obturator artery and vein (ObA and ObV) were investigated.

Results: In the most frequent internal iliac vein (IIV) branch pattern, 67% of SGV branched from the IIV,
95% of the IGV branched from the IPV and 82% of the ObV branched from the IPV. According to Ada-
chi’s classification, 62% of IIVs were Type I and 33% Type IV. Although IV branch patterns are heteroge-
neous, in individual patients with the most frequent branch patterns, good correlation (75-100%) of the
branch patterns was observed between the internal iliac artery (IIA) and IV, and between the right and left
IIVs.

Conclusions: This study clarified the branch patterns of IIV. In patients with the most frequent branch pat-
terns, good correlation of the branch patterns was observed between the IIA and IIV, and between right and
left ITV. We believe this helps secure the safety and standardization of minimally-invasive pelvic surgery.
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Introduction

In colorectal surgery, minimally invasive surgery (MIS)
has been increasingly used and the analysis of national data-
bases in several countries has demonstrated that approxi-

mately two-thirds of cases are performed by MIS[1-6]. In
addition, the significance of LLND has increased as it has
the potential to achieve good local control, and it has re-
ceived attention both in Japan and in Western coun-
tries[7-10]. With transitioning to MIS from open surgery, ex-
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tended surgery, such as lateral lymph node dissection
(LLND) and total pelvic exenteration (TPE), are also per-
formed by MIS due to its benefits with regard to less blood
loss, fewer postoperative complications, and a shorter post-
operative hospital stay[11-15].

However, the anatomical complexity of the internal iliac
vessels, especially the veins, represents a serious problem
for performing these extended surgical operations by MIS.
Thus, MIS for these extended surgical operations were only
performed in specialized centers. In particular, the internal
iliac veins (IIVs) show significant variation, and injury of
these veins causes massive bleeding. To solve those prob-
lems, several studies have attempted to investigate the
branch patterns of the IIVs. However, these studies focused
on common internal and external iliac veins, and the periph-
eral sides of the veins were not well investigated[16-20].

We have previously demonstrated our laparoscopic LLND
approach. The key point is the identification of the internal
iliac vein behind the internal iliac artery from the inner and
outer sides. We then dissect this vein to the peripheral side
to identify the route of the IIVs and their branches[21]. Our
laparoscopic approach is useful for clarifying the anatomy
of the IIVs and their branches. Additionally, before surgery,
we have introduced 1-mm-slice three-phase multidetector
row computed tomography (MDCT) reconstruction using a
three-dimensional (3D) simulation system for patients for
whom LLND or TPE is planned.

The present study aimed to investigate the routes of the
internal iliac arteries (IIAs) and IIVs, as well as their
branches by MDCT-based 3D simulation in addition to sur-
gical videos, especially the anatomical characteristics of the
IIVs and their branches. The target vessels are superior
gluteal artery and vein (SGA and SGV), inferior gluteal ar-
tery and vein (IGA and IGV), internal pudendal artery and
vein (IPA and IPV), and obturator artery and vein (ObA and
ObV).

Methods

Patients

This study included 30 patients with 60 half-pelvises who
underwent laparoscopic bilateral LLND or TPE for rectal
cancer in our institution from 2018.8 to 2021.8. The branch
patterns of ITA and IIV of these patients were assessed on
surgical videos as well as a pre-operative CT-based 3D
simulation. In all cases, the route of the IIAs and IIVs was
identified on either a surgical video or a pre-operative CT-
based 3D simulation. This study was performed in line with
the principles of the Declaration of Helsinki. Informed con-
sent was obtained in the form of opt-out on the website.
Ethics approval was granted by the Ethics Committee of
Hyogo Medical University (Date20200406/N0.202006-014).

Branch Patterns of Internal Iliac Vessels

This study investigated the branch patterns of the SGA
and SGV, the IGA and IGV, the IPA and IPV, and the ObA
and ObV. Then, the correlation of the branch patterns be-
tween the ITA and IIV were investigated in the whole popu-
lation and individual patients. In addition, secondary investi-
gated the correlation of the branch patterns between the
right and left side IIVs were investigated in the whole popu-
lation and individual patients. Third, the branch patterns of
the arteries and veins were classified by Adachi’s classifica-
tion[18], which is a common classification of the IIAs. Fi-
nally, the correlation between the branch patterns of IIV and
clinical outcomes such as surgical time, blood loss and fluid
collection was investigated.

Surgical videos

Surgical videos of LLND and TPE were retrospectively
reviewed to identify the route of the IIAs and IIVs. In
LLND and TPE in the lateral pelvic area, we first recog-
nized the three fasciae: the ureterohypogastric nerve fascia
(UNF), the vesicohypogastric fascia (VF), and the parietal
pelvic fascia (PF) (Figure la, 1b, 1c). Second, we identified
the routes of the IIAs and IIVs and their peripheral
branches. Especially, IIVs and their peripheral branches run
along the parietal fascia, which is the bottom of the region
of LLND. Thus, we routinely dissect the inner and outer
sides of the IIAs and IIVs to identify the routes of these
vessels. Third, the fat and lymph nodes around these vessels
were removed. This helps to identify the route of the ITAs
and IIVs (Figure 2a, 2b).

Pre-operative findings

All patients received preoperative contrast-enhanced CT.
A triple-phase contrast study with a slice thickness of 1 mm
was performed using a 128-detector row CT scanner. The
obtained imaging datasets were analyzed using the SYN-
APSE VINCENT image analysis system” (Fujifilm Medical
Co., Tokyo, Japan), a 3D image processing software pro-
gram. Three-dimensional simulation of the IIAs and II'Vs in-
volved the following steps. First: the CT data was input into
the 3D simulation system. Early and washout phases of CT
scanned at 25 and 120 seconds after the injection of contrast
agent, respectively, were used. Second: the ITAs and IIVs,
and their branches were manually plotted.

The SGA and SGV were defined as the vessels entering
the superior foremen of the piriformis muscle. The IGA and
IGV were defined as the vessels entering the inferior fore-
men of piriformis muscle. The IPA and IPV continue to the
IIA and IIV and run through the inferior foremen of the
piriformis muscle and Alcock’s canal and under the
perineum. The IPA and IPV are the terminal branches of the
IIA and IIV. The IGA and IGV, and the IPA and IPV were
determined based on the destination of the vessels, with the
destination of the former being towards gluteal region and
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Figure 1.
la: Ureterohypogastric nerve fascia (UNF).
1b: Vesicohypogastric fascia (VF).

lc: Parietal pelvic fascia (PF).
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The three lateral pelvic fasciae (Left side).

Black triangle indicates the UNF, White triangle indicates the VF, Gray triangle indicates

the PF.

ck’s canal

Figure 2. The main branches of the internal iliac artery and vein.
2a, Inner side of the internal iliac vein (IIV). The superior gluteal artery (SGA)/ superior gluteal vein

(SGV) runs dorsally, along the lumbar nerve.

IGA: inferior gluteal artery IGV: inferior gluteal vein

2b, Outer side of the IIV. The internal pudendal artery (IPA) / internal pudendal vein (IPV) run through the
inferior foremen of the piriformis muscle and Alcock’s canal.

the destination of the latter being towards the perineum. The
ObA and ObV enter the obturator foramen. There has been
no global consensus on the definition of the boundary be-
tween the IIV and IPV. We therefore defined the boundary
as the level of the umbilical artery.

The branch patterns of the IIA and IIV were identified
from surgical videos, which were checked by two colorectal
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surgeons (YT and NB) with over ten years of experience in
colorectal surgery. However, in some surgical videos, it was
difficult to identify the routes of those vessels; thus, the 3D
simulation of these vessels was simultaneously confirmed
with surgical videos.

Statistical analysis
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Table 1. Patient Characteristics.

Branch Patterns of Internal Iliac Vessels

Characteristic

Total (n=30)

Median age, years (range)
Sex, n (%)

Median body mass index (range)
Diagnosis, n (%)

Type of surgery, n (%)

Male
Female

Primary tumor
Recurrent tumor

LAR with LLND
ISR with LLND
APR with LLND
TPE

67 (47-78)

21 (70%)
9 (30%)
22.2(163-27.1)

23 (17%)
7 (23%)

10 (34%)
6 (30%)
7 (23%)
7 (23%)

Median surgical time, min (range)
Median blood loss, ml (range)

787 (450-1041)
147 (0-1170)

LLND: lymph node dissection LAR: low anterior resection APR: abdominoperineal resection

ISR: intersphincteric resection TPE: total pelvic exenteration

Chi-square tests were used in the univariate analyses and
p-values of <0.05 were considered statistically significant.
JMP Pro 14.0 (SAS Institute, Cary, NC) was used to per-
form the statistical analyses.

Results

Patients’ characteristics (Table 1)

Thirty patients with 60 half-pelvises were included.
Twenty-one patients (70%) were male, and the median age
was 67 (range: 47-78) years. Twenty-three (77%) patients
were undergoing surgery for primary disease; 7 (23%) pa-
tients were undergoing surgery for recurrent disease. In ad-
dition, LAR, ISR, and APR with LLND were performed in
23 patients (77%) and the remaining 7 patients (23%) were
analyzed by TPE. Bilateral LLND was performed in all pa-
tients.

Detection rates of the IIAs and IIVs, and their branches
on surgical videos and CT-based 3D simulation (Figure 3)

The SGA was identified by CT in all patients (100%),
and on surgical videos in 58 half-pelvises (97%). The SGV
was identified by CT and on surgical videos in 58 half-
pelvises (97%) each. The identification rates of the SGA,
SGV, IGA, IGV, ObA, ObV, IPA, and IPV by CT and on
surgical videos are shown in the figure (Figure 3).

Remarkably, the IGA and IGV were not identified by sur-
gical videos in more than half of the half-pelvises; CT find-
ings were used in these cases. The IPV was identified by
CT in 47 half-pelvises (78%) whereas it was detected on
surgical video in all cases. Similarly, the ObV was identified

by CT in 44 half-pelvises (73%), while it was identified by
surgical video in 58 cases (97%).

Comparison of the branch patterns of the IIA and IIV in
the whole population (Figure 4)

Figure 4 compares the branch patterns of IIAs and IIVs
of the same name in the whole population. In 51 of 60 half-
pelvises, the SGA (85%) branched from the IIA, and in 40
of 60 (67%) half-pelvises, the SGV branched from the IIV
(p=0.06). On the other hand, in 48 of 60 (80%) half-
pelvises, the IGA branched from the IPA, and in 57 of 60
(95%) half-pelvises, the IGV branched from the IPV (p=
0.03). In addition, the ObA branched from the ITA, IPA, and
SGA in I 2%), 52 (86%), and 7 (12%) half-pelvises, re-
spectively, while the ObV branched from the II'V, IPV, and
SGV in 7 (12%), 49 (81%) and 4 (7%) half-pelvises (p=
0.02). These outcomes demonstrated the branch patterns of
the IIA and IIV. When compared to the whole population,
the branches did not match.

Comparison of the branch patterns of the IIA and IIV in
individual patients (Table 2)

In 51 of 60 (85%) half-pelvises, the SGA branched from
the IIA. In these 51 half-pelvises, the SGV branched from
the IIV in 38 half-pelvises. Thus, in patients in whom the
SGA branched from IIA, the SGV branched from the IIV in
38 of 51 (75%) half-pelvises.

Similarly, the IGA branched from the IPA in 48 of 60
(80%) half-pelvises. In all of these 48 (100%) half-pelvises,
the IGV branched from the IPV. Thus, the IGV branched
from the IPV in all patients in whom the IGA branched
from the IPA.
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Figure 3. The detection rate of IIA and IV, and their branches on surgical videos and CT-based 3D sim-

ulation.

CT: computed tomography Video: Laparoscopic surgery video IIA: internal iliac artery IIV: internal iliac

vein SGA: superior gluteal artery SGV: superior gluteal vein IGA: inferior gluteal artery IGV: inferior glu-

teal vein IPA: internal pudendal artery IPV: internal pudendal vein ObA: obturator artery ObV: obturator

vein

In addition, the ObA branched from the IPA in 52 of 60
(87%) half-pelvises. Among these 52 half-pelvises, the ObV
branched from the IPV in 42 half-pelvises. Thus, in patients
in whom the ObA branched from the IPA, the ObV
branched from the IPV in 42 of 52 (81%) half-pelvises.

These findings indicate that when arteries showed the
most frequent branch patterns, there was a high degree of
correlation between the branch patterns of the arteries and
veins. On the other hand, in cases with rare artery branch
patterns, the branch patterns of the arteries and veins did not
match.

Correlation of the branch patterns of the right and left 11V
in the whole population (Figure 5)

The SGV branched from the IIV on the right side in 16
of 30 patients and on the left side in 24 of 30 patients (p=
0.06). On the other hand, the IGV branched from the IPV
on the right side in 29 of 30 patients and on the left side in
28 of 30 patients. However, it branched from the IIV on the
right side in one patient and from the SGV on the left side
in 2 patients (p=0.08). The ObV branched from the IPV on
the right side in 22 of 30 patients and on the left side in 27
of 30 patients; it branched from other veins in the remaining
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patients (p=0.25). These outcomes demonstrated that the
branch patterns of the IIV on the right side and left side
showed a low correlation in the whole population.

Correlation of the branch patterns of right and left I1V in
individual patients (Table 3)

The right SGV branched from the IIV in 16 patients.
Among these 16 patients, the SGV branched from the IIV
on the left side in 13 patients (81%). Similarly, the IGV
branched from the IPV on the right side in 29 patients.
Among these 29 patients, the IGV branched from the IPV
on the left side in 27 patients (93%). In addition, the ObV
branched from the IPV on the right side in 22 patients. In
these 22 patients, the ObV branched from the IPV on the
left side in 21 patients (95%). Those findings indicate that
in patients with the most frequent branch patterns of IIV, the
branch patterns of the right and left IIV showed a good cor-
relation.

Adachi’s classification of arteries and veins (Figure 6,
Supplementary Figure 1, Table 4)

Adachi’s classification is often used for the classification
of ITAs[21-25]. Thus, the present study classified the I1As
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Figure 4. Comparison of the branch patterns of the IIA and IIV in the whole popula-

tion.

This figure compares the branch patterns of arteries and veins. These were not correlat-
ed. The SGA and SGV showed a trend towards correlation. Furthermore, there statisti-
cally significant differences were detected between the IGA and IGV and between the

ObA and ObV.

ITA: internal iliac artery II'V: internal iliac vein SGA: superior gluteal artery SGV: supe-

rior gluteal vein IGA: inferior gluteal artery IGV: inferior gluteal vein IPA: internal pu-
dendal artery IPV: internal pudendal vein ObA: obturator artery ObV: obturator vein

Table 2. Branch Patterns of the IIA and IIV in Individual Patients (n=60).

Artery Vein Correlation rate
SGA IIA n=51 =  SGV IIV n=38 = 38/51 (75%)
IPV n=13
TPA n=9 =  SGV TPV n=7 = 719 (78%)
IIV n=2
IGA ITA n=8 = IGV IV n=1 = 1/8 (13%)
IPV n=6
SGV n=1
TPA n=48 = IGV TPV n=48 = 48/48 (100%)
SGA n=4 = IGV SGV n=1 = 1/4 (25%)
IPV n=3
ObA IIA n=1 =  ObV IIA n=0 = 0/1 (0%)
IPV n=1
TPA n=52 =  ObV TPV n=42 = 42/52 (81%)
IV n=7
SGV n=3
SGAn=7 =  ObV SGV n=1 = 1/7 (14%)
IPV n=6

IIA: internal iliac artery IIV: internal iliac vein SGA: superior gluteal artery SGV: superior

gluteal vein IGA: inferior gluteal artery IGV: inferior gluteal vein IPA: internal pudendal

artery IPV: internal pudendal vein ObA: obturator artery ObV: obturator vein
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Figure 5. Comparison of the branch patterns between the right side and left side of the IIV in the

whole population.

IIV: internal iliac vein SGV: superior gluteal vein IGV: inferior gluteal vein IPV: internal pudendal

vein ObV: obturator vein

Table 3. Branch Patterns of the Right and Left Side of the
11V in Individual Patients (n=30).

Right Left Correlation rate
SGV IIV n=16 = IV n=13 13/16 (81%)
1PV n=3 3/16 (19%)
IPV n=14 = IIV n=11 11/14 (79%)
IPV n=3 3/14 (21%)
IGV IIV n=1 = IV n=0 0/1 (0%)
IPV n=1 1/1 (100%)
1PV n=29 = 1PV n=27 27/29 (93%)
SGV n=2 2/29 (7%)
ObV IIV n=5 = IIV n=2 2/5 (40%)
IPV n=3 3/5 (60%)
IPV n=22 = IPV n=21 21/22 (95%)
SGV n=1 1/22 (5%)
SGV n=3 = 1PV n=3 3/3 (100%)
SGV n=0 0/3 (0%)

Correlation of branch patterns from the right to left side.
IIV: internal iliac vein SGV: superior gluteal vein IGV: inferior gluteal

vein IPV: internal pudendal vein ObV: obturator vein

and II'Vs according to Adachi’s classification (Supplemen-
tary Figure 1).

The most frequent pattern of the artery was Type I; this
was observed in 42 of 60 half-pelvises (70%). The arteries
of the remaining 18 (30%) half-pelvises were classified into
various patterns. The most frequent pattern of veins was
Type I, which was observed in 37 of 60 (62%) half-pelvises,
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while 20 cases were classified as Type IV (Figure 6).

When the individual branches were divided, the veins
were classified as Type I in 30 of 42 branches (71%) in
which the arteries were classified as Type I (Table 4). For
other Types (Type II, III, V) the rate of matching between
artery and vein was <50%. This also indicates that when ar-
teries showed the most frequent branch patterns (Type I), the
branch patterns of the veins highly matched the patterns of
the arteries. However, in cases with rare artery branch pat-
terns (Type II, III, V), the branch patterns of the arteries did
not match the branch patterns of the veins.

Clinical outcomes for major and minor branch patterns of
the vein (Table 5)

In this study, 37 half-pelvises had veins of Adachi Type I
(major branch patterns), and 23 half-pelvises had Types II,
I, and IV (minor branch patterns). The clinical outcomes
of the two groups were as follows: surgical time (median
125 min (range: 60-205 min) in major branch patterns vs.
106 min (range: 55-332 min) in minor branch patterns; p=
0.32), blood loss (median 20 ml (range: 0-150 ml) in major
branch patterns vs. median 10 ml (range: 0-110 ml) in mi-
nor branch patterns, p=0.57), fluid collection diagnosed by
post-operative CT (19% in major branch patterns vs. 17% in
minor branch patterns, p=0.92). There were no significant
differences between the two groups.
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Figure 6. Adachi’s classification of arteries and veins.

Table 4. Correlation of Adachi’s Classification in Individual
Cases (n=60).

Artery Vein Correlation rate
Type I n=42 Type I n=30 30/42 (71%)
Type IVa n=12
Type I n=2 Type 1 n=1 172 (50%)
Type I n=1
Type I1I n=7 Type I n=4 1/7 (14%)
Type 11 n=1
Type III n=1
Type IVa n=1
Type IV n=8 Typel n=2 6/8 (75%)
Type IV n=6
Type V n=1 Type IVa n=1 0/1 (0%)
Type V n=0

Correlation of branch patterns from the artery to vein.

Discussion

This study first investigated the branch patterns of the
SGA and SGYV, the IGA and IGV, the IPA and IPV, and the
ObA and ObV. We found the most frequent branch patterns,
with the IGV branching from the IPV in 57 of 60 half-
pelvises (95%), and the ObV branching from the IPV in 49
of 60 (82%) half-pelvises (Figure 4). This is important in-
formation because the detection rates of the IGV and ObV
on CT-based 3D simulation were 80% and 73% which is a
relatively low score, respectively (Figure 3). Conversely, the
routes of IGV and ObV were not observed on CT before
surgery in approximately 20% of half-pelvises. The route of

the ObV is particularly important because it is routinely
ligated when performing LLND. We should recognize that
the ObV branches from the IPV, which is on the peripheral
side of the umbilical artery, in over 80% of cases.

On the other hand, most SGAs branch from the IIA
(85%), while more than 30% of SGVs branch from the IPV
(Figure 4).

We also found that when the arteries showed the most
frequent branch patterns (e.g., then SGA branches from the
ITA, the IGA branches from the IPA, and the ObA branches
from the IPA), the veins also showed the most frequent
branch pattern (e.g., the SGV branches from the IIV, the
IGV branches from the IPV, and the ObV branches from the
IPV) (Table 2). In addition, in patients with the most fre-
quent branch patterns, the right and left branch patterns of
the IIV were well correlated (Table 3). This is clinically use-
ful because the IIA and its branches are easy to identify pre-
operatively by CT, and the branch patterns of veins were ba-
sically predictable in patients with the most frequent branch
patterns of ITA. In addition, when performing LLND, after
performing one side, the branch patterns of the IIV on the
opposite side can be predicted. Certainly, some studies dem-
onstrated the complex anatomy of IIVs and their
branches[16-20]. However, the patterns of the IIV can basi-
cally be divided into two patterns: Adachi’s classification
Types I and IV. One reason for the complexity of the IIVs
and their branches may be that many veins (e.g., the median
sacral vein, lateral sacral vein, iliolumbar vein, and others)
were not investigated in this study. Indeed, the anatomy of
these veins would be complex; however, the branch patterns
of the SGV, IGV and ObV can be simply summarized.
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Table 5. Clinical Outcomes for Major and Minor Branch Patterns of Vein.

Major branch Minor branch
p value
patterns patterns
Median surgical time for LLND, min (range) 125 (60-205) 106 (55-332) 0.32
Median blood loss for LLND, ml (range) 20 (0-150) 10 (0-110) 0.57
Fluid collection, cases (%) 7(19) 4(17) 0.92

LLND: lymph node dissection

We also found that veins could mainly be divided into
two groups Adachi’s classification Types I and IV (Figure 6,
Supplementary Figure 2). Adachi’s classification reflects the
anatomical correlation among the ITA/IIV, IPA/IPV, SGA/
SGV, and IGA/IGV. For veins, the IGV branched from the
IPV (95%) in most half-pelvises, while 82% of ObVs
branched from the IPV, which makes it simple to determine
Adachi’s classification of veins.

In this study, between major and minor branch patterns,
there was no significant difference in surgical time, blood
loss, or fluid collection (Table 5). Although further investi-
gation is required, we consider that clarifying the branch
patterns at surgery is useful for reducing blood loss and sur-
gical time.

Finally, this study demonstrated the detection rates of the
ITAs and IIVs, and their branches on surgical videos and
CT-based 3D simulation. Indeed, the detection rate of arter-
ies by CT-based 3D simulation was high. However, the de-
tection rate of veins was not sufficient as the SGV was de-
tected in 58 half-pelvises (97%), the IGV was detected in 48
half-pelvises (80%), the ObV was detected in 44 half-
pelvises (73%), and the IPV was detected in 47 half-pelvises
(78%). On the other hand, in the surgical videos, the SGV
was detected in 58 half-pelvises (97%), the ObV was de-
tected in 58 half-pelvises (97%), and the IPV was detected
in 60 half-pelvises (100%). This high rate of detection by
surgical video would be influenced by our surgical ap-
proach, and our LLND approach wherein the inner and
outer sides of the IIVs and their branches were dissected to
the peripheral side. These approaches not only prevent
bleeding but also promote the anatomical understanding of
the lateral pelvic area.

The present study was associated with some limitations.
First, the frequency of brunch patterns based on the Ada-
chi’s classification in our study was slightly different from
previous reports provably because this single-center study
included limited number of patients. Second, this study fo-
cused on the main branch of each vessel, and some cases
have two or three branches of each vessel. However, if we
considered these vessels, the anatomical picture of the IIA
and IIV would be confusing. Thus, the present study only
focused on the main branch of each vessel. Finally, this was
not blind study, however two experienced surgeons, both
specializing in pelvic surgery, carefully reviewed the CT im-
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ages to determine the branch pattern.

In conclusion, this first study to clarify the distal branch
patterns of the IIV based on surgical findings combined with
3D simulation clearly showed that branch patterns of IIV
have the same pattern of IIA, and that the right and left IIV
have the same patterns in patients with the most frequent
branch patterns of IIV. We believe that this will help to se-
cure the safety and to achieve the standardization of pelvic
surgery by MIS.
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