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3D CT angiography for laparoscopic colorectal surgery
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—{ Abstract

Laparoscopic surgery has gained clinical acceptance as a minimally invasive technique for
colorectal cancer. However, it takes a long time to resect a tumor and dissect lymph nodes, and
identify and ligate the proper vessels under laparoscopic guidance. Moreover, vessels and organs
can be injured during lymph node dissection and vessel ligation under laparoscopic guidance.
Therefore, we utilized 3D CT angiography for preoperative assessment of vascular anatomy
before laparoscopic surgery. And, USPIO, a lymphographic contrast medium of iron-containing
nanoparticles, has been shown to be useful in the characterization of lymph nodes. Commonly,
systematic mesocolonic lymph node dissection is performed according to the regional staging of
colon cancer. However, the 3D-CT angiography fusing nodes, which were diagnosed as metasta-
ses on USPIO-enhanced MRI, may enable us to perform individual lymph node dissection.
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Fig.1 3D-CT arteriography

Jalb

a:3D-CT arteriography shows no right colic artery (RCA) directly branching from
the superior mesenteric artery (SMA). Therefore, in right hemicolectomy, the
origins of the iliocolic artery (ICA) and right branch of middle colic artery

(MCA-rt) are ligated.

b :3D-CT arteriography shows RCA directly branching from the SMA. Therefore,
in right hemicolectomy, it is necessary to carefully isolate and ligate the proxi-
mal portion of RCA during the dissection of the intermediate lymph nodes (N2)

nodes along the SMA.
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Fig.2 Multiphase fusion image (a) and intraoperative view (b)
a :Multiphase fusion image shows clearly the iliocolic artery (ICA) running ven-

tral to the superior mesenteric vein (SMV [type Al).
b:In a reference to the multiphase fusion image, it is necessary to carefully
isolate and ligate the proximal side of ICA without injuring the iliocolic vein

(ICV) and SMV dorsal to ICA.

MCA : middle colic artery, MCA-rt : right branch of the middle colic artery,
GCT : gastrocolic trunk of Henle, ARCV : accessory right colic vein

Fig.3

Multiphase fusion image

Multiphase fusion image shows clearly
the ICA running dorsal to the SMV
(type B). Therefore, the isolation of ICA
requires meticulous dissection of the
intermediate lymph nodes (N2) along
the ICA dorsal to SMV.

ICV : lliocolic vein, MCA : middle colic
artery
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Fig.4 3D-CT arteriography

3D-CT arteriography shows clearly an
accessory left colic artery (accessory
LCA), which branches from the SMA and
runs toward the splenic flexure along the
lower border of the pancreatic body, feed-
ing the left transverse colon cancer. With
reference to the 3D-CT arteriography,
it is necessary to isolate and ligate the
accessory LCA with preservation of the
MCA.

MCA-It : left branch of the middle colic
artery
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Fig.5 Variation of origin and branches of the
inferior mesenteric artery
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Fig.6 3D-CT arteriography (a) and intraoperative view (b)

a:3D-CT arteriography shows 1st sigmoid colon artery (S1) branching from
the LCA and feeding a sigmoid colon cancer.

b : With reference to the 3D-CT arteriography, it is necessary to isolate and
ligate accurately the proximal side of the S1, and preserve the LCA and
superior rectal artery (SRA).

IMA : Inferior mesenteric artery

Fig.7

Multiphase fusion image

Multiphase fusion image shows clearly the IMV running
near the origin of the LCA. With reference to the multi-
phase fusion image, it is necessary to isolate and ligate the
superior mesenteric vein without injuring the LCA.

Fig.8

Multiphase fusion image

Multiphase fusion image shows clear-
ly the ureter running near the origin
of the S1. With reference to the mul-
tiphase fusion image, it is necessary
| to isolate and ligate the S1 without
| injury to the ureter.

S2 : 2™ sigmoid artery




Fig.9 Multiphase fusion image

Multiphase fusion image shows clearly
the anatomical relationship between the
SMA and gonadal vein. With reference
to the multiphase fusion image, it is nec-
essary to dissect safely the lymph nodes
along the SMA without injury to the go-
nadal vein.
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Fig.10 Lymph node accumulation mechanisms

of ultrasmall superparamagnetic iron ox-
ide particles (USPIO)
After intravenous injection of USPIO, the
nanoparticles circulate systemically and
access the interstitium. These nanoparti-
cles in the interstitium are phagocytized
by components of the reticuloendothelial
system such as macrophages or histio-
cytes, and are drained through lymphat-
ic vessels to the lymph nodes. These
iron-containing nanoparticles accumu-
late in normal lymph nodes, enhancing
susceptibility effects and reducing the
nodal T2* signal. Conversely, metastatic
lymph nodes lack reticuloendothelial ac-
tivity, and are thus unable to take up the
iron-containing nanoparticles that cause
local field heterogeneity.
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Fig.11 USPIO-enhanced MRI in the patient with descending colon cancer a \ b
a: Precontrast T2" weighted image shows enlarged paracolic lymph node (arrow).
b : On postcontrast T2* weighted image, paracolic lymph node (arrow) shows high
signal, which reflects metastatic node. Paraaortic lymph nodes show complete
darkening, which reflects nonmetastatic nodes.

Fig.12 Virtual CT laparopscopy with individual lymph node dissection
Commonly, systematic mesocolonic lymph node dissection is
performed up to the root of the IMA in patients with advanced
sigmoid colon cancer. However, USPI0O-enhanced MRI shows
lymph node metastases at the paracolic region and along the
S1. Using the 3D-CT angiography fusing metastatic nodes,
surgeon can perform individual lymph node dissection.
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