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Preoperative imaging of the mesenteric vasculature
improves outcomes in laparoscopic complete
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Abstract: Purpose: Despite convergent evidence indicating a wide range of advantages for computed tomography
angiography (CTA) for evaluating vascular anatomy prior to laparoscopic complete mesocolic excision (CME), the
operative effects of CTA remain to be determined. In this study, we investigated alterations in operative outcomes
caused by preoperative CTA. Methods: Based on CTA, arterial and venous vessels were reconstructed prior to lap-
aroscopic CME (CTA group) in 84 patients with colon cancer. Sixteen of these patients were excluded from the
analysis of the operative outcomes because of undergoing either laparoscopic surgery combined with resection of
other organs or radiofrequency ablation. The remaining 68 patients were enrolled in the CTA group for the analysis
of the operative outcomes. For comparison, 61 patients had the same surgery without preoperative CTA (Control
group). Results: We found that the right colon artery (RCA) and the right colon vein (RCV) were absent in 42.9%
and 23.8% of patients, respectively. Some patients, 17.9%, had one superior RCA (SRCA) and 1.1% had two SRCAs.
Many patients, 40.5%, had one superior RCV (SRCV), and 2.4% had two. The gastrocolic trunk (GCT) was observed
in 89.3% of patients in CTA group. Compared to the Control group, operative time declined in CTA group (181.0 vs.
159.8 mins), and the intraoperative blood loss in CTA group decreased (157.0 vs. 108.2 ml, P=0.001). Additionally,
the intraoperative blood loss decreased more in laparoscopic CME for right-sided tumors, from 174.2+121.0 ml to
107.6+67.3 ml in the Control and CTA groups respectively (P<0.001). Conclusions: Preoperative CTA performed in
colon cancer patients could help reduce the intraoperative blood loss during the laparoscopic CME. Preoperative
CTA is a novel technique to assist surgeons in the evaluation of individual mesenteric vascular variations and could
reduce the risk of vessel injury during surgery.

Keywords: Computed tomography angiography, laparoscopic complete mesocolic excision, vascular variations,
blood loss, operative time

this procedure. The most important of these
limitations is the need to have an appropriate
view of the entire operative field. Few solutions
to this problem have been suggested; thus,

Introduction

In past decades, several clinical trials have
been carried out to test the feasibility and ben-

efits of laparoscopic surgery for colorectal can-
cer [1-3]. Compared to open laparotomy, emerg-
ing evidence has demonstrated the superiority
of laparoscopic surgery with smaller incisions,
minimal visceral exposure, faster recovery, and
less hospitalization [4] without compromising
the long-term outcomes [5-9]. Despite these
great benefits, there are several limitations th-
at have delayed the extensive acceptance of

more clinical research is needed.

Laparoscopic surgery for colon cancer showed
a longer operation time compared to the origi-
nal open laparotomy due to the need for a care-
ful search for blood vessels and/or anatomical
landmarks [10, 11]. If undiscovered, these fea-
tures might increase the risk of vascular and
visceral injuries, especially when unfavorable
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Table 1. Clinical and operative data for all cases undergoing laparoscopic

resection
Variables CTA group Control group P
Female/Male 25 (36.8%)/43 (63.2%) 28 (45.9%)/33 (54.1%) 0.371°
Tumor location 0.219°
Left-side tumor 26 (38.2%) 30 (49.2%)
Right-side tumor 42 (61.8%) 31 (50.8%)
Age 62.5+12-6a 60.5+13.3? 0.374¢
BMI 22.3+2.9° 23.0+£3.0° 0.390°
TNM stage 0.254°
Stage | 6 (8.8%) 7 (11.5%)
Stage Il 19 (27.9%) 24 (39.3%)
Stage Il 36 (52.9%) 28 (45.9%)
Stage IV 7 (10.3%) 2 (3.3%)
Number of lymph nodes 17.0+7.8? 17.6+8.12 0.284¢
Blood loss 108.2+67.6° 157.0+104.0° 0.001°
Operative time 159.8+39.5° 181.0+£40.7° 0.703¢

knowledge, there are
no studies that have
carefully assessed to
what extent a thor-
ough preoperative ev-
aluation of mesenteric
vascular anatomy can
affect the surgical out-
comes.

Therefore, the present
study had two goals.
The first was to use
CTA to determine the
feasibility of getting
a preoperative view of
the major branches
of mesenteric vessels

that is needed for dis-

aAge, BMI (body mass index), Number of lymph nodes, blood loss (mL), and operative time
(minutes) were represented as mean + standard error. °P value was calculated by the Chi-

square test. °P value was calculated by the t-test.

anatomic variations are present. Therefore,
prior to the operation, it is important to use
high quality imaging techniques to obtain a
view of the entire operative field, including the
vascular anatomy of the lesions and the adja-
cent organs.

The revolutionizing development of multi-detec-
tor computed tomography (MDCT) and helical
scanning techniques has dramatically enhan-
ced our capabilities for human disease diagno-
sis and evaluation of the abdominal vascula-
ture. The combination of high temporal and
spatial resolution technologies has facilitated
the applications of high quality computed to-
mography angiographies (CTA). Furthermore,
using the volume-rendering technique, individu-
al tomography slice data can be converted into
three-dimensional (3D) imaging. Thus, with 3D
construction imaging modality, surgeons can
acquire preoperative views of the patient’s vas-
cular anatomy. For colon cancer, several stud-
ies have demonstrated the advantages of this
advanced imaging modality for evaluating the
vascular anatomy in laparoscopic complete
mesocolic excision (CME) [12, 13]. These stud-
ies also indicated that using preoperative 3D
computed tomography (CT) was helpful for lap-
aroscopy [12, 13]. However, less data is avail-
able to confirm the efficacy of preoperative
evaluation by CTA for CME. To the best of our
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secting the important
variations and cross
vessel relationships.
The second goal was
to determine if preoperative evaluation of the
vessels significantly improved the surgical out-
comes, i.e., reducing both intraoperative blood
loss and operative time during laparoscopic
CME.

Materials and methods
Patients

CTA was performed in 84 consecutive patients
who underwent laparoscopic CME for colon
cancer at The Second Affiliated Hospital of
Zhejiang University School of Medicine between
March 2013 and December 2014. Sixteen of
these patients underwent either laparoscopic
surgery combined with resection of other or-
gans or radiofrequency ablation. Because the
combined resection of other organs or the
radiofrequency ablation would affect the intra-
operative blood loss and operative time, the
analysis of the hemorrhage during surgery and
operative time of these patients was excluded
from the study. The remaining 68 patients had
CTA prior to the laparoscopic CME for the colon
cancer (CTA group). Between January 2011 and
December 2014, 61 patients with colon cancer
underwent the same surgery without perform-
ing preoperative CTA (Control group). The clini-
cal characteristics were matched for both
groups (Table 1). Informed consent was ob-
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Table 2. Intraoperative blood loss and operative time for cases undergoing laparoscopic cme for dif-

ferent side tumors

Laparoscopic CME for right-side tumor

Laparoscopic CME for left-side tumor

Variables CTA group

Control group

P CTA group Control group P

Total blood loss

Operative time

107.6+67.3¢  174.2+121.0°
Blood loss 2300 ml (n, %) 1/42(2.4%) 10/30 (33.3%)
Blood loss <300 ml (n, %) 41/42 (97.4%) 20/30 (66.7%)
158.4+39.5°  194.3+40.5°

<0.001* 109.24+69.5°

139.3+81.2° 0.405°

0.001°  1/26 (3.8%) 2/30(6.7%) 0.554°
25/26 (96.2%) 27/30 (93.3%)

0.470°>  162.2+40.2° 169.1+37.5  0.659°

aAge, blood loss (ml) and operative time (minutes) are presented as mean * standard error. °P value was calculated by the

t-test. °P value was calculated by the Chi-square test.

tained from all patients prior to surgery. This
study was approved by the ethics committee of
the Second Affiliated Hospital of Zhejiang
University School of Medicine and complied
with the tenets in the Declaration of Helsinki.

Computed tomography protocol

All CT examinations were performed with the
second generation dual-source CT (Model:
SOMATOM Definition Flash, Siemens Medical
Solutions, Forchheim, Germany). A total of 120
ml of iodine-containing contrast agent (Model:
lopamiro 370 mg/ml, Bracco, Shanghai, China)
was injected with an automated injector (Model:
Mallinckrodt, St. Louis, MO, USA) at a flow rate
of 5 ml/s followed by 20 ml 0.9% saline solution
at the same flow rate. Image acquisition was
started with an 8 s delay that corresponded to
the measured contrast transit time that was
individually assessed with the test bolus meth-
od. Arterial phase images were obtained using
the bolus tracking method. In brief, arterial
phase scanning started when the Hounsfield
units reached 100 in the abdominal aorta at
the level of renal hilum. The average scanning
delay between the start of contrast material
injection and the start of arterial phase scan-
ning was 20 s (range 15-28 s). Portal vein
phase scanning and early venous phase scan-
ning were started 25 s and 28 s after arterial
phase scanning, respectively. Images were
transferred to an external workstation (Model:
Syngo Multi-Modality Workplace VE36A, Sie-
mens Medical Solutions, Munich, Germany)
and reconstructed.

Image interpretation

The superior mesenteric artery (SMA) was
defined as the anterior branch of the abdomi-
nal aorta supplying the mid-gut. The middle
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colic artery (MCA), right colon artery (RCA), and
the ileocolic artery (ICA) branched from the
right side of the main trunk of the superior mes-
enteric artery and supplied the terminal ileum,
cecum, ascending colon, and two-thirds of the
transverse colon. The superior RCA (SRCA) was
defined as the branch of the marginal artery of
the hepatic flexure. The superior mesenteric
vein (SMV) drained blood from the small intes-
tine, cecum, ascending colon, and transverse
colon. The ileocolic vein (ICV), right colon vein
(RCV), and middle colic vein (MCV) were defined
as the tributaries from the marginal veins of
the ileocecum, the ascending colon, and the
transverse colon, respectively. The superior
RCV (SRCV) was defined as the tributary from
the marginal veins of the hepatic flexure. The
gastrocolic trunk (GCT) was defined as the com-
mon trunk with the colic vein, the right gastro-
epiploic vein (RGEV), and/or the pancreatic
duodenal vein (PDV).

The assessment of each vessel

The visibility of each vessel in CTA was graded
and recorded by using the following four-level
scale: [14] 3, excellent visibility in which the
vessel was clearly seen as a round or oval
structure; 2, good visibility in which the vessel
was moderately visible; 1, poor visibility in
which the vessel was visible, but the image was
obscured; and O, the vessel was not visible. The
vessels in MDCT angiography were confirmed
by two groups of radiologists and surgical
oncologists.

Surgery

Patients in both the Control and the CTA groups
underwent the laparoscopic CME surgery for
colon cancer, which was performed by the sa-
me experienced surgeons. Perioperative out-
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Figure 1. Variations of GCT were observed randomly in the CTA group. (A) Some patients, 10.7%, had no GCT, and
(B-H) 89.3% of patients had seven different types of GCT (B-H). GCT, gastrocolic trunk; RCV, right colic vein; SRCV,
superior RCV; MCV, middle colic vein; PDV, pancreatic duodenal vein; RGEV, right gastroepiploic vein.

comes included duration of operation and
intraoperative blood loss. The intraoperative
duration was defined as the time taken from
skin incision to the completion of skin closure.
The intraoperative blood loss was defined as
the volume of blood collected in the suction
container and estimated from gauze at the end
of the operation.

Statistical analysis

All statistical analyses were performed using
the SPSS software v19. Averages + standard
errors were calculated for each group of the
study. Chi-square test was performed to com-
pare the stage of disease and mass of blood
loss between the CTA group and the Control
group. In addition, Student’s t-test was used to
evaluate differences in intraoperative blood
loss and operative time for the two groups. A
value of P<0.05 was considered significant.
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Results

All 145 patients were given laparoscopic CME
without conversion to open surgery. Clinical
data, the stage of disease, and operative out-
comes for all cases are shown in Table 1, and
the operative data for the different the tumor
sites are shown in Table 2.

Usefulness of preoperative CTA during surgery

Blood loss in the Control group, 157.0+104.0
ml, was significantly greater than that in the
CTA group, 108.2+67.6 ml (P=0.001, Table 1).
While the operative time decreased from
181.0+40.7 minutes in the Control group to
159.8+39.5 minutes in the CTA group, the dif-
ference was not significant (P=0.703, Table 1).
For the Control group, blood loss for right-sided
tumor laparoscopic CME was 174.2+121.0 ml,
which was significantly more than for the CTA
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Table 3. Gastrocolic trunk composition and
frequency

Type Components Occurrence
A RGEV, SRCV, PDV 39.0%
B RGEV, SRCV 9.8%
C RGEV, PDV 6.1%
D RGEV, SRCV, PDV, MCV 11.0%
E RGEV, MCV 3.7%
F RGEV, SRCV, MCV 6.1%
G RGEV, PDV, MCV 17.1%

RGEV, right gastroepiploic vein; SRCV, superior right
colon vein; PDV, pancreatic duodenal vein; MCV, middle
colic vein.

group, 107.6£67.3 ml (P<0.001, Table 2). For
left-sided tumors, the blood loss by the Control
group, 139.3+81.2 ml, was more than for the
CTA group, but the difference was not signifi-
cant (P=0.405, Table 2). Moreover for right-
sided tumors, 33.3% of the patients in the
Control group lost over 300 ml of blood, where-
as only 2.4% of patients in the CTA group lost
over 300 ml (P=0.001, Table 2). For left-sided
tumors, only a small percent of patients in
either the Control or CTA groups, 6.7% and
3.8% respectively, had loss of blood greater
than 300 ml (P=0.554, Table 2).

Significant variation of branches and tributar-
ies of the superior mesenteric vessels

Based on the visible blood vessels, we focused
on the vessels with high quality, i.e., those hav-
ing a grade assessment of >2. All branches of
the SMA were analyzed and quantified, and the
images of most of the tributaries (94%-100%)
to the SMV were confirmed to be of good or
excellent quality. For the right colon, a single
ICA and ICV were consistently found in the
same, relatively fixed, locations in all patients.
The MCA and MCV were absent in 1 patient
(1.1%) and 5 patients (6%), respectively. The
RCA and RCV were absent in 36 patients
(42.9%) and 23 patients (23.8%), respectively.
The SRCA was absent in 68 patients (81%),
while 15 patients (17.9%) had one SRCA, and
one patient (1.1%) had two SRCAs. Forty-five
patients (40.5%) had one SRCV, and 2 patients
(2.4%) had two SRCVs.

Relationships among the superior mesenteric
branches and tributaries

The MCA crossed anterior to the SMV in most
cases (67.8%). The length of the crossing MCA
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was 13.5+5.3 mm (range, 6.8-30.6 mm). The
RCA arose from the SMA in 48 MDCT angiogra-
phies (57.1%). The RCA passed anterior to the
SMV in 70.5% of these patients and posterior in
24.4%. In 5.1% of patients, the RCA did not
cross the SMV.

The gastrocolic trunk

The SRCV, RGEV, PDV, and/or MCV often formed
a GCT that drained into the SMV. Recently, the
GCT was suggested as the new anatomic land-
mark during right-sided laparoscopic colectomy
[15, 16]. In contrast to the ICV, the constituents
of the GCT had numerous variations. In this
study, the GCT was observed in 75 patients
(89.3%). The average diameter of the GCT was
4.3+1.0 mm (range, 2.4-6.7 mm), and the aver-
age length was 10.7+4.9 mm (range, 2.2-22.7
mm). According to the different convergence
conditions, the structure of GCT could be divid-
ed into seven types (Figure 1; Table 3). For Type
A, the GCT consisted of the RGEV, SRCV, and
PDV, and it was the most common type (39.0%).
The other types were less numerous and varied
in composition (Table 3).

Discussion

In the present study, we compared periopera-
tive outcomes of laparoscopic CME with or
without preoperative evaluation of mesenteric
vascular variation. To the best of our knowl-
edge, this was the first study to demonstrate
that preoperative evaluation of the vessels
could significantly improve the surgical out-
comes in laparoscopic CME.

CME with central vascular ligation is now a
standard procedure of colon cancer surgery
[17]and requires high ligation of the colic artery
and vein with a complete removal of the region-
al lymph node. Previous studies emphasized a
careful dissection of the arterial and venous
anatomy of the colon [18, 19], and MDCT was
verified to reliably show the detailed relation-
ships among the vessels [12, 13]. The complex
relationship of the arteries and veins are likely
to increase the surgical challenge, especially
for laparoscopic surgery. Our results showed
that all the major branches of the SMA and
major tributaries that inflow into the SMV can
be revealed in the MDCT before surgery. The
MCA crossed anterior to the SMV in all cases.
Meanwhile, the RCA passed anterior to the
SMV in 70.5% of patients and posterior in
24.4%. Performing a systemic dissection under
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the SMV would be hazardous [12]. Hence, the
posterior relationship of the RCA to the SMV
increases the surgical challenge. Having this in
mind, knowing the location of the RCA is
exceedingly important.

Additionally, the GCT has previously been sug-
gested as an important anatomical landmark
during laparoscopic right hemi-colectomy as it
is used to guide the superior limit of dissection
[16, 20]. In our study, the GCT was present in
89.3% of patients and had seven different
types according to the convergence condition
of the venous tributaries. During the laparo-
scopic CME, the RCV and SRCV were ligated.
One problem is that the RCV and SRCV have
numerous variations in their association with
the GCT. Most patients have a single RCV that
flows into the GCT, while quite a few patients
have an additional RCV that flows into the SMV
or SRCV, which in turn, flows into the GCT.
Additionally, the variations of the diameter and
length of the GCT would also increase the diffi-
culty of operation. Bleeding from an injured or
avulsed GCT in a laparoscopic right colectomy
would result in a potentially devastating lesion
[24], which would directly increase the risk of
the conversion to open surgery; thus, the man-
agement of the GCT is highly significant.

The misrecognition of mesenteric vascular con-
stituents and their relationships with each
other could cause bleeding during surgery. In a
previous study, the bleeding frequently occurr-
ed in laparoscopic right colectomies, requiring
conversion to open surgery [22]. Preoperative
vascular assessment by MDCT would help so-
Ive this problem because surgeons could rec-
ognize the presence of critical variations before
surgery. In our study, the intraoperative blood
loss in the CTA group did decrease significantly
for right-sided laparoscopic CME, and the oper-
ative time also decreased. Moreover, the per-
centage of occurrence of massive bleeding
(blood loss >300 ml) occurring during surgery
in the CTA group was significantly lower. All of
these data highlight the importance and the
need for a careful and complete preoperative
mesenteric vascular assessment for laparo-
scopic right CME. With a clear demonstration of
the vascular anatomy before the surgical proce-
dure, it will help the surgeon in performing col-
ectomy for cancer. This is especially true for a
novice in laparoscopic surgery because there is
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a long learning curve for this procedure [23,
24].

Nonetheless, we are aware of the limitations in
this study. Firstly, the enrolled patients in con-
trol group were ranged from January 2011 and
December 2014, a part of patients were earlier
than the CTA group, which may be subject to a
potential effect of the learning curve, known to
affect operative outcomes. However, our group
performed the laparoscopic surgery for colorec-
tal cancer since 2004 [25], the learning curve
influenced little in our study. Secondly, the
number of patients enrolled in this study is rela-
tively small. This may have contributed to the
lack of statistical significance in the operative
times, which were shorter for the CTA group
than the Control group.

In conclusion, CTA can display anatomical rela-
tionships among the major arteries and veins
of the SMA/SMV. Preoperative CTA acquired for
colon cancer patients could help reduce the
intraoperative blood loss during the laparo-
scopic CME, especially for right-sided tumors.
Hence, the application of preoperative MDCT
angiography could assist the surgeons in man-
aging the precise variant vessels and thereby
reducing unnecessary injuries to vessels during
laparoscopic colectomy for colon cancer. How-
ever, the clinical importance of preoperative
CTA application should be evaluated in further
studies.
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