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Abstract
Objective To assess the impact of individual patient anatomy on operating time, estimated blood loss (EBL), and lymph node
yield in right colectomy with extended D3 mesenterectomy, where surgeons have access to a preoperative 3-D reconstruction of
the vascular anatomy of patients before surgery.
Aim/summary background data Data on the impact of individual patient vascular anatomy when surgeons have an anatomical
road map as a guide at surgery is still missing in the literature.
Method Consecutive patients enrolled in an ongoing trial were classified into 4 groups and 2 subgroups using a 3-D vascular
anatomy reconstruction derived from the staging CT. Outcome measures are operating time, EBL, vascular events, and D3
volume lymph node yield. SPSS was used for statistical analysis.
Results One hundred seventy-six (77 men) patients included. Mean operating time was 200 ± 50 min. Type 4b required
significantly longer operating time (mean, 219 ± 59) compared to type 3 (mean, 188 ± 43) (p = 0.004). Vascular events
occurred most often in anatomy type 4b (20.0%) and 3 (19.2%). No difference in EBL and lymph node yield was found
(p = 0.102 and p = 0.803, respectively).
Conclusion The use of a roadmap at surgery seems to even differences in operating time, EBL, and lymph node yield, indepen-
dent of the complexity of the individual patient’s central mesenteric vascular anatomy. The incidents of vascular events requiring
hemostasis do not cause differences in EBL between the anatomy groups, suggesting that preoperative awareness of the anatomy
is beneficial at surgery.
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Introduction

Factors influencing operating time, estimated blood loss
(EBL), and lymph node yield in colon cancer surgery
can be viewed as disease-related, surgeon-related, and

patient-related factors [1]. While the impact of factors such
as disease stage, surgeons’ re-training, experience, and/or vol-
ume can be simple to assess, this is not the case when individual
vascular anatomy is the concern. Perhaps, evenmore concerning
is the fact that the contribution of individual anatomy to the
complexity of surgery has been too often accepted as an axiom,
a statement up to date not corroborated within the literature [1].

On the other hand, a trend to increase lymph node yield—
complete mesocolic excision (CME) with central vascular li-
gation (CVL), and D3 extended mesenterectomy anterior and
posterior to the superior mesenteric vessels [2, 3]—is leading
colorectal surgeons into regions of the human anatomy not
previously dared. One such area, namely, the root of the mes-
entery, presents with unpredictable variations and/or abnor-
malities of the vascular anatomy [4, 5]. Lately, this venture
was made possible through the use of modern high-resolution
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radiology that depicts the individual patient’s vascular anato-
my through segmentation and 3D reconstruction [1, 4, 5]. The
use of such anatomical roadmaps has been shown to signifi-
cantly shorten operating time and lower EBL when compared
to absence thereof [6, 7]. Moreover, this roadmap has been
shown to have high specificity, sensitivity, precision, and ac-
curacy [5, 7–10] and has been used to re-classify the variations
and/or abnormalities of the superior mesenteric vessels into 4
groups and 2 subgroups, according to the crossing pattern of
their branches [4, 5].

The aim of this study was to investigate the impact of the
surgeons’ preoperative awareness of individual patient’s vas-
cular anatomy on operating time, EBL, and lymph node yield
in conventional right colectomy with extended D3
lymphadenectomy.

Material and methods

The subjects analyzed in this study are patients included into the
safe D3 right hemicolectomy for cancer through multidetector
computed tomography (MDCT) angiography trial (regional
Ethical Committee approval REK Sør-Øst No. 2010/3354) and
registered at clinicaltrials.gov (NCT01351714). Patients were
required to sign an informed consent form prior to inclusion.
The trial includes mandatory preoperative 3D reconstruction of
the vascular anatomy, standardized definition of the D3 volume,
standardized surgical approach to the central (level of dissection
III) lymph nodes, and histopathological analysis of the D3
volume. All these data points were separately addressed below.

a) MDCT protocol and 3D reconstruction

Three-dimensional reconstruction of the vascular anatomy
was derived from the preoperative staging MDCT.
Anonymized CT datasets underwent segmentation and
3DVR, using the FDA-approved Osirix MD v. 8.5.2 64-bit
image processing application (Pixmeo, Bernex, Switzerland),
Mimics medical image processing software ver. 19.0.0.347,
and 3-matic medical software ver. 11.0.0.109, both Windows
7 ultimate edition × 64 2016 (both Materialize NV, Leuven,
Belgium). A large array of editing tools was applied (e.g.,
polygon, pixel revalidation, multiple slice editing, and dynam-
ic region growing), enabling detailed linear and curved mea-
surements. The data were exported as a report of the anatomy
including vessel calibers and distances between arterial ori-
gins and venous confluences, images, and video clips, serving
as a guide for preoperative planning.

b) Definition of the D3-volume

The third level of dissection (D3) volume was defined as
mesenteric fatty tissue located anterior and posterior to the

superior mesenteric vessels, limited by 4 lines connecting an-
atomical landmarks (vessel origins/confluences). The cranial
border lies 5 mm proximal and parallel to the line connecting
the confluence of the of the gastrocolic trunk of Henle (GTH)
to the superior mesenteric vein (SMV) and the origin of the
middle colic artery (MCA). The medial border runs along the
left side of the superior mesenteric artery (SMA) from the
origin of the MCA to the origin of the ileocolic artery (ICA).
The caudal border is 10 mm distal to the line connecting the
origin of the ICA and the confluence of the ileocolic vein
(ICV) to the SMV. The lateral border lies 10 mm parallel to
the right-hand side of the SMV [11–13] between the venous
confluences of the ICVand GTH. This definition was consis-
tently used for postoperative division of the surgical specimen
into the respective D3/D2 areas of lymphadenectomy (Fig. 1).

c) Classification of the vascular anatomy

The classification into 4 vascular groups with 2 subgroups
(Fig. 1) was according to the crossing patterns of colic arteries
and jejunal vein (JV) as previously published [5]:

Type 1: ICA crosses anterior to the SMV, JV crosses
anterior to the SMA
Type 2: ICA crosses anterior to the SMV, JV crosses
posterior to the SMA
Type 3: ICA crosses posterior to the SMV, JV crosses
posterior to the SMA
Type 4a: ICA crosses posterior to the SMV, JV crosses
anterior to the SMA concealing the ICA origin
Type 4b: ICA crosses posterior to the SMV, JV crosses
anterior to not concealing the ICA origin.

The previously reconstructed 3D images of the vascular
anatomy were analyzed by two independent investigators
(CDW and JMN) and classified into anatomical groups. In
case of disagreement, a third investigator was consulted and
a consensus reached (DI). In cases where no JV was found
within the D3 area, the patient was classified as type 2 or 3
depending on ICA’s crossing pattern.

d) The operative procedure

Surgical access was medial to lateral through a midline
laparotomy. A transverse incision of the visceral peritoneum
1 cm distal to the origin of the ICA was made. The adipose
tissue of the root of the mesentery was divided and the sheath
of the terminal ileal venous trunk (TIVT) opened. The vascu-
lar sheath is then divided transversely towards the left; the
SMA palpated, its vascular sheath opened, and the artery iso-
lated. Vessel loops are placed around both vessels; the dissec-
tion continues through the division of the vascular sheath of
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the SMA along its left-hand side to the level of the MCA. The
fatty tissue around the origin and along the trunk of the MCA
was dissected towards the patient’s right side, keeping the en-
bloc specimen intact. The right branch of the MCAwas divid-
ed. The anterior flap of the mesentery was lifted over the SMA
and SMV and mobilized towards the right to the level of the
GTH. The ICVand ICAwere ligated. The SMV was lifted by

gently pulling the vessel loop upwards, and its posterior aspect
dissected free to the level of the MCA and GTH. This position
was photographed from a right-angle view (with an etalon in
place). Lateral mobilization of the de-vascularized specimen
was then performed according to the principles of CME [2].
The mobilization included dissecting free the root of the mes-
entery from the horizontal duodenum, thus allowing access to

Fig 1 The vessels used as anatomical landmarks were the following:
ICA, ileocolic artery; ICV, ileocolic vein; MCA, middle colic artery;
GTH, gastrocolic trunk of Henle; JV, jejunal vein; SMV, superior
mesenteric vein and SMA, superior mesenteric artery; and RCA, right

colic artery. The interrupted yellow line depicts the D3 volume. (1) type 1,
(2) type 2, (3) type 3, (4a) type 4a, (4b) type 4b, (Op) image at surgery.
The SMVis lifted and drawn to the right, the SMA to the left showing that
all tissue posterior to the superior mesenteric vessels has been removed.
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the posterior flap of mesenteric tissue. After the mobilization,
the superior right colic vein was divided at its confluence with
the GTH; the small bowel and colonic mesentery divided. The
specimen (which was connected only through the posterior
flap of mesenteric tissue) was dissected free and removed after
the SMV was gently Brolled^ towards the left and its vascular
sheath together with the vascular sheath of the SMA divided
with diathermy, removing complete arterial stumps.

e) The patients

Consecutive patients with resectable right colon cancer
were prospectively evaluated from February 2011 to January
2017 in the above mentioned trial from two hospitals
(Akershus University Hospital and Vestfold Hospital Trust).
Data collection was prospective. Only patients meeting the
following criteria were included in the analysis: (1) D3 right
colectomy with extended mesenterectomy performed through
laparotomy; (2) no resection of other organs; and (3) specimen
divided into D3 and D2 areas of lymphadenectomy for histo-
pathology purposes. The medical records were collected from
the electronic medical record systems DIPS (Copyright 1995–
2016 DIPS ASA version 7.395) and METAVISON (anesthe-
siology electronic record system included in DIPS). Three
surgeons operated all patients (DI, YT, JMN).

f) Main outcome measures

Operating time was defined from time of incision to the last
skin stitch. EBL was estimated based on the suction apparatus
and weighing of surgical swabs. All surgical specimens
underwent division by the senior surgeon into designated D2
and D3 area of lymphadenectomy according to the definition
provided above, separately fixated in acetic acid, and sent to
histopathological analysis stained with hematoxylin-eosin and
safran.

Statistical analysis

Box plots were used to visualize differences between the anat-
omy groups. ANOVA was used to check for an interaction
effect between the surgeon and the vascular anatomical
groups. If there was a statistical significance using the F-test
for an overall effect of vascular anatomy (p < 0.05), the LSD
(least significant difference) post hoc test was used. Cohen
kappa coefficient was used to assess the level of agreement
between the researchers with regard to the vascular classifica-
tion before a third observer was contacted. A general linear
model with interaction effect (concerning vascular anatomy
groups) was used to test the impact of BMI on operating time,
EBL, and lymph node yield (LNY). All analyses were per-
formed using the statistical software SPSS for Macintosh ver-
sion 25.0 (SPSS Inc., Chicago, IL).

Results

The patients

From February 2011 to June 2017, 272 consecutive patients
were enrolled in the abovementioned study. Of these, 176 (77
men) patients were eligible for the present study and
underwent open right colectomy with extended D3
mesenterectomy. Ninety-six patients were excluded due to
the following: right colectomy with D2 lymphadenectomy
(n = 12), laparoscopic right colectomy with D2 lymphadenec-
tomy (n = 4), laparoscopic right colectomy with D3 extended
mesenterectomy (n = 16), surgical specimen not divided into
the respective D3/D2 areas of lymphadenectomy (n = 1), R1/
R2 resection (n = 5), and extended surgery (n = 58) including
the following: (a) extended right colectomy (14), (b) extended
small bowel resection (15), (c) subtotal colectomy (5), (d)
multi-organ resection (16), (e) abdominal wall resection (3),
and (f) transverse colon resection (2).

Mean patient age was 66 ± 9.6 years (mean ± standard de-
viation (SD)) and mean BMI was 25.9 ± 4.7 kg/m2 (mean ±
SD). Forty patients (22.5%) underwent previous surgery, 8
(4.5%) appendectomy, 11 (6.3%) hysterectomy, 6 (3.4%) cho-
lecystectomy, cesarean section 1 (0.6%), and 14 (8.0%) other
types of abdominal surgery.

Tumor location was in the cecum in 89 (50.8%), ascending
colon in 73 (41.5%), hepatic flexure in 8 (4.5%), and proximal
transverse colon in 4 (2.3%), and 2 (1.1%) patients had mul-
tiple tumors in the right colon.

Classification of patients in anatomy groups The level of
agreement (Cohen’s kappa coefficient) between the in-
dependent reviewers (CDW and JMN) related to classi-
fying the vascular types was 0.926 with a p value of
p < 0.001. Patient numbers and demographic data for the
anatomical groups and subgroups are shown in Table 1.
The four major vascular groups were comparable for
age, BMI, ASA scores (Fig. 2), gender (p = 0.126),
and previous abdominal surgery (p = 0.25). BMI did
not inf luence operat ing t ime (p = 0.45), EBL
(p = 0.11), and D3 volume LNY (p = 0.18).

Operating timeMean operating time for all patients was 200 ±
50 (91–347) min. The interaction effect between surgeon and
vascular anatomy group was not significant (p = 0.588), and
the main effect for the vascular groups was not statistically sig-
nificant (p= 0.061). When anatomy type 4 is split into the two
subgroups (4a and 4b) and the five groups analyzed, no interac-
tion effect between surgeon and vascular anatomy group (p =
0.219)was found, but themain effect for the vascular groupswas
statistically significant (p= 0.001). The LSD post hoc test proved
that patients with anatomy type 4b required statically longer op-
eration times when compared to those in anatomy type 3: p =
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0.004 and 95% confidence interval (CI), 10–50 min. Operating
times with p values and confidence intervals for all anatomy
groups are listed in Tables 2 and 3 and Fig. 3.

EBL Mean EBL for all patients was 274 ± 304 (20–2530) mL.
The interaction effect between surgeon and vascular anatomy
group was not significant (p = 0.567), as well as the main effect
for the vascular groups (p = 0.945). When dividing the type 4
group into 4a and 4b, there was no interaction effect between
surgeon and vascular anatomy group (p = 0.335). The main
effect for the vascular groups was not statistically significant
(p = 0.102) (Table 2). There are two outliers in this analysis
where major bleeding occurred: one in type 3 that was venous
bleeding and one in type 4b that was an arterial bleed (Fig. 3).

Vascular events Twenty-two instances of bleeding requiring
hemostasis were noted at surgery 0 in group 1, 6 in group 2
(11.8%), 10 in group 3 (19.2%), and 8 in group 4 (12.9%); 3
bleedings in group 4a (8.1%) and 5 in group 4b (20.0%) when
divided into subgroups.

D3 volume lymph node yield The total number of lymph nodes
for the whole surgical specimen was 40 ± 17 (6–101). The
mean number of harvested lymph nodes in the D3 volume for
the four vascular groups was 14 ± 10 (1–51) nodes, which rep-
resents 35% of lymph nodes harvested per specimen. The in-
teraction effect between surgeon and vascular anatomy group
was not significant (p = 0.103), and the main effect for the vas-
cular groups was not statistically significant (p = 0.853). When
dividing the type 4 into 4a and 4b, there was no interaction
effect (p = 0.75) and the main effect was not statistically signif-
icant (p = 0.803) (see Table 2 and Fig. 3).

Discussion

The main finding of this study was that no differences in EBL
or lymph node harvest were detected between the anatomical
groups. The leveling of differences between the groups can be
explained through the preoperative planning and the lack of
the surprise factor at surgery. The results actually imply that

the variability of operating time between the anatomical
groups has been reduced with the exception of type 4b, which
required significantly longer operating time (mean difference,
30 min). Data in the literature for operating times in open right
colectomy are scarce showing values from 55 to 443 min [6,
15–18]. The longer operating times demonstrate the complex-
ity of the D3 lymph node dissection.

The literature suggests significantly easier identification of
the mesenteric vessels (5 vs. 23, p < 0.001) [6]; shorter oper-
ating times (17 min, p = 0.027) [6], (16 min, p = 0.007) [7];
lower frequency of intraoperative hemorrhage requiring he-
mostasis (6 vs. 19; p = 0.006) [6]; and no difference in lymph
node harvest (4, p = 0.067) [7], (1, p = 0.206) [6] when
performing a standard laparoscopic right colectomy (vascular
ligation at the right-hand side of the SMV, D2 resection) for
cancer with preoperative knowledge of the anatomy as com-
pared to no preoperative awareness [6, 7, 19, 20].

When vascular events were analyzed separately, despite the
fact that no statistical difference was found in mean EBL be-
tween the anatomical groups, a clear difference in number and
percentage of vascular events requiring hemostasis was noted,
the highest in anatomical group 4b (20.8%), separating this
subgroup from the others. The fact that EBL was not higher in
this group is most probably due to the preoperative awareness
of the vascular anatomy that allows swift and appropriate ac-
tion on the side of the operating surgeon, as compared to the
surgeon that is facing a bleeding from an unknown vessel
embedded in the mesenteric fat, and not having a 3-D recon-
struction of the vascular anatomy. The longer operating time,
the outliers, the reported vascular events, and the meticulous
extended central mesenterectomy are contributing factors for a
higher EBL. Data in the literature for EBL in open right
colectomywith D3 lymph node dissection are scarce, showing
values between 50 and 500 mL [16, 18, 21, 22].

Several elements at surgery can be the cause of prolonged
operating time and/or increased EBL. The first andmost essential
step in the procedure is the correct positioning of the incision
over the TIVT; an incision placed distally will require a larger
dissection area and cause difficulty in orientation to the patients’
anatomy, while a high incision will compromise the lymphade-
nectomy. When considering that the superior mesenteric vessels

Table 1 Patient numbers and
demographic data for the
anatomical groups and
subgroups. Age: mean (standard
deviation), median, and min–
max. Sex: male/female. ASA
score: American Society of
Anesthesiologists Score. BMI
with standard deviation and min-
max

Anatomy group
(n)

Age (mean (SD) (median) (min–
max))

Sex
(M/F)

ASA
score

BMI (SD) (min–max)

Type 1 (11) 65 (11) (66) (36–76) 6/5 2 (1–3) 26.0 (3.3) (20.4–32.4)

Type 2 (51) 67 (10) (71) (39–89) 22/29 2 (1–4) 25.1 (3.8) (15.2–33.6)

Type 3 (52) 66 (8.3) (67,5) (45–81) 16/36 2 (1–4) 25.5 (5.6) (18.1–42.6)

Type 4 (62) 65 (10) (68) (34–86) 33/29 2 (1–3) 26.8 (4.7) (17.1–40.0)

Type 4a (37) 65 (10) (67) (44–78) 18/19 2 (1–3) 27.5 (4.9) (19.1–40.0)

Type 4b (25) 67 (10) (69) (44–86) 15/10 2 (1–3) 26.0 (4.4) (17.1–34.9)

Total (176) 66 (9.6) (68) (34–89) 77/99 2 (1–4) 26.0 (4.7) (15.2–42.6)

Int J Colorectal Dis (2019) 34:151–160 155



Fig. 2 Box-plots were used to demonstrate the comparability in age (a), ASA (b) and BMI (c) scores for patients in the anatomy groups
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are embedded in mesenteric fat and thus not readily visible in
most patients, the roadmap provides orientation to the surgeon
and the starting point for the surgery [5].Moreover, the additional
analysis using the general linear model with interaction effect
failed to show correlation between BMI and operation time,
EBL, and LNY, which can additionally be attributed to the use
of the roadmap at surgery. The reason why patients with type 4b
anatomy require most time is twofold: (1) a jejunal vein crossing
the SMAanteriorly requiresmeticulous vascular dissection for its
placement in a vessel loop (in order to allow progress in the
dissection through the vascular sheath of the SMA towards the
origin of the MCA); and (2) the position of this vein, a low lying
vein can cause difficulty while accessing the origin of the ICA,
while a higher crossing hampers safe access to the origin of the

MCA. This dissection, in turn, carries a higher risk of bleeding,
as our results clearly indicate. However, as far as EBL is con-
cerned, it appears that neither the JV nor the occasional RCA in
patients with type 4a or b anatomy cause difficulty when operat-
ing along the SMA and accessing the origin of the MCA. This
can, again, be attributed to the 3D roadmap.

When lymph node yield was the concern, data derived from
postmortem studies strongly suggests that lymph nodes can be
found within the tissue anterior and posterior to the superior
mesenteric vessels [12]. Moreover, these lymph nodes follow
the crossing pattern of colic arteries. This implies that in a patient
with an ICA crossing the SMV posteriorly, the nodes draining
the right colon are also located posteriorly. The number of lymph
nodes within this designated level of dissection III volume has

Table 2 All values are mean (standard deviation), min–max for operating times, estimated blood loss, and lymph node yield for anatomy groups

Anatomical
group (n)

Type 1 (11) Type 2 (51) Type 3 (52) Type 4 (61) Type 4a (37) Type 4b (25) Total (176)

Operating
time (min)

210 (41), 142–280 199 (47), 108–321 188 (43), 109–295 209 (59), 91–347 202 (58), 91–347 219 (59), 134–341 200 (50), 91–347

Blood
loss (mL)

220 (185), 50–711 268 (251), 20–1300 311 (378), 50–2530 256 (294), 100–2000 190 (140), 100–670 354 (417), 100–2000 274 (304), 20–2530

Lymph
node yield

15 (14), 1–48 13 (9), 1–51 14 (9), 1–42 15 (10), 3–47 15 (10), 3–47 14 (8), 2–34 14 (10), 1–51

Table 3 Post hoc test for operating time with p values and confidence intervals for all anatomy groups.

Anatomy group Mean difference Std. error Sig. 95% confidence interval

Lower bound Upper bound

Type 1 Type 2 10.99 14.113 .437 − 16.88 38.86

Type 3 21.29 14.089 .133 − 6.53 49.11

Type 4a 7.85 14.579 .591 − 20.94 36.64

Type 4b − 9.12 15.360 .553 − 39.46 21.21

Type 2 Type 1 − 10.99 14.113 .437 − 38.86 16.88

Type 3 10.30 8.367 .220 − 6.22 26.82

Type 4a − 3.14 9.168 .733 − 21.24 14.97

Type 4b − 20.11 10.365 .054 − 40.58 .36

Type 3 Type 1 − 21.29 14.089 .133 − 49.11 6.53

Type 2 − 10.30 8.367 .220 − 26.82 6.22

Type 4a − 13.44 9.131 .143 − 31.47 4.59

Type 4b − 30.41* 10.332 .004 − 50.82 − 10.01
Type 4a Type 1 − 7.85 14.579 .591 − 36.64 20.94

Type 2 3.14 9.168 .733 − 14.97 21.24

Type 3 13.44 9.131 .143 − 4.59 31.47

Type 4b − 16.98 10.991 .124 − 38.68 4.73

Type 4b Type 1 9.12 15.360 .553 − 21.21 39.46

Type 2 20.11 10.365 .054 − .36 40.58

Type 3 30.41* 10.332 .004 10.01 50.82

Type 4a 16.98 10.991 .124 − 4.73 38.68

*Type 3 and type 4b statistical significant difference
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Fig 3 Box and whiskers plot for operating time (a), EBL (b), and lymph node yield (c) between the anatomy groups
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been reported to be 15.9 + 7.4 [11]. A search in the literature did
not provide any data on isolated D3 volume lymph node yield,
but only on the whole specimen showing values between 2 and
169 [2, 3, 6, 14–16, 18, 21–28]. Our results imply that the result
of such a complete lymphadenectomy for right sided colon can-
cer includes 14 + 10 lymph nodes within the D3 volume and that
these do not depend on the individual patient anatomy, but rather
on the operative procedure performed (the extent of
mesenterectomy), in this manner, securing a steady lymph node
harvest in all patients [11, 12]. Possibly even more important is
the approach to the D3 volume from outside its borders, allowing
a true complete mesocolic excision and central vascular ligation.
In this manner, no spillage of the colonic lymph (potentially
containing isolated cancer cells, sub-micro or micro-metastases)
occurs through dissection to the left of the watershed of the small
bowel lymph [12]. The main interest of this article is the dissec-
tion of the D3 volume lymph nodes which is performed first to
devascularize the surgical specimen, while the right colectomy
was always performed after devascularization as a standardized
lateral to medial mobilization of the surgical specimen respecting
the embryological plane, according to the principles of CME as
originally described by Hohenberger et al. [2].

Drawbacks of this study lie in the fact that mobilization of the
coherent surgical specimen is necessary in order to remove also
the tissue posterior to the superiormesenteric vessels, namely, the
use of time from incision to the last stitch and not only a partial
operating time. This decreases the chances for detection of sig-
nificant differences between the anatomy groups in operating
time, while simultaneously confirming that only the significant
difference was actually found. Another limitation of this study is
the low number of patients in anatomical group 1 and that a
control group with surgeons unaware of the anatomy before
surgery is missing. Due to the possible pitfalls while preforming
surgical procedures in the central mesentery, namely, removing
all fatty tissue both in front and behind the SMA and SMV,
preoperative awareness of the branching patterns of these vessels
is deemed necessary in order to achieve safe hemostasiswhen the
need occurs. This is why the regional ethical committee approval
states that preoperative awareness of the individual patient’s anat-
omy is mandatory. Achieving hemostasis while not being aware
of the anatomy is hazardous and is the reason that a control group
for this study is unethical. This is confirmed through an incidence
of 20.8% vascular events requiring hemostasis in patients having
anatomy type 4b as shown through our results.

It is, therefore, of great importance when performing right
colectomy with extended D3 mesenterectomy anterior and pos-
terior to the superior mesenteric vessels to apprehend the indi-
vidual venous and arterial variants for safe vascular dissection
[6, 7, 9, 19, 22].

The strength of the study lies in the setting of a prospective
design, uniform operative technique, and that preoperative 3D
anatomical reconstruction was preformed by only one author
(BVS).

Conclusion

The use of a roadmap at surgery seems to even differences in
operating time, EBL, and lymph node yield, independent of
the complexity of the individual patient’s central mesenteric
vascular anatomy. The incidents of vascular events requiring
hemostasis do not cause differences in EBL between the anat-
omy groups, suggesting that preoperative awareness of the
anatomy is beneficial at surgery.
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