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Abstract
Purpose Complete mesocolic excision (CME) is nowadays
state of the art in the treatment of colon cancer. In cases of
carcinoma of transverse colon and of both flexures an
extramesocolic lymph node metastasis can be found in the
infrapancreatic lymph node region (ILR) and across the
gastroepiploic arcade (GLR). These direct metastatic routes
were not previously systematically considered. In order to
validate our hypothesis of these direct metastatic pathways
and to obtain evidence of our approach of including dissection
of these areas as part of CME, we initiated a prospective study
evaluating these lymph node regions during surgery.
Methods Forty-five consecutive patients with primary tumour
manifestation in transverse colon and both flexures between
May 2010 and January 2013 were prospectively analyzed.
Patients were followed up for at least 6 months. Mode of
surgery, histopathology, morbidity and mortality were
evaluated.
Results Twenty-six patients had a carcinoma of transverse
colon, 16 patients one of hepatic flexure and four patients
one of splenic flexure. The median lymph node yield was 40.
Occurrence of lymph node metastasis in ILR was registered in
five patients and in GLR in four patients. The mean lymph
node ratio was 0.085. Postoperative complications occurred in
nine patients, and postoperative mortality was 2 %.

Conclusions We were able to demonstrate this novel metasta-
tic route of carcinomas of the transverse colon and of both
flexures in ILR and GLR. These could be considered as
regional lymph node regions and have to be included into
surgery for cancer of the transverse colon including both
flexures.

Keywords Colon carcinoma . Transverse colon . Hepatic
flexure . Splenic flexure . Lymph node . Surgery

Introduction

The introduction of complete mesocolic excision (CME) for
surgical treatment of colon cancer with particular attention to
preservation of the mesocolic plane and high tie of the sup-
plying arteries led to significant improved patient outcomes in
Erlangen, where 5-year cancer-related survival is now 89 %
and the local recurrence rate is less than 4 % after R0 resec-
tions [1–4]. Even in advanced cases such as stage III disease,
the 5-year cancer-related survival is more than 70 % so that
survival rates equal those of rectum carcinoma since total
mesorectal excision (TME) was introduced [2, 5–15]. Apart
from plane preservation and high tie, the dissection of the
pericolic lymph node includes those along a distance of a
minimum of 10 cm to both sides of the tumour including the
next vascular arcade central wards. However, with transverse
colon including both flexures, in advanced cases lymph node
metastases can be found along the gastroepiploic arcade right
at the greater curvature of the stomach, over the pancreatic
head and along the inferior aspect of the left pancreas [1–4].
Therefore, in cancer at that site, a potential “third dimension”
of lymphatic spread has to be considered. However, there is no
systematic data in the literature on the frequency of the even-
tual involvement of these nodes. To include these nodes into
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the lymph node dissection might have a positive impact on
outcome. On the other hand, it may increase postoperative
complications through the dissection at the pancreatic edge,
especially in patients with previous relevant pancreatitis.

However, these lymph node areas are according to the
current TNM classification sites of distant metastatic disease.

In order to validate our hypothesis that these areas are parts
of regional lymph node metastasis and to get evidence of our
approach of including the lymph node dissection of these
areas as part of CME in cases of malignancy of transverse
colon and of both flexures, we analysed our material
prospectively.

Material and methods

Forty-five consecutive patients with primary invasive car-
cinomas (at least into the submucosa) of the transverse
colon including both flexures were operated between May
2010 and January 2013 and prospectively analyzed.
Preoperative findings, data on treatment and histopatholog-
ical examination were entered for analysis into a
standardised database.

Only patients with the following inclusion criteria were
selected:

1. No other previous or synchronous malignant tumour
2. Treatment by radical resection with formal regional

lymph node dissection
3. No neoadjuvant treatment

Patients with colitis ulcerosa, Crohn disease and familial
adenomatous polyposis (FAP) were excluded from this study.
Patients and tumour characteristics are demonstrated in
Table 1.

Tumour histopathological classification was applied ac-
cording the rules of the WHO [16]. Staging followed the
seventh edition of the TNM classification [17].

Patients with stage III–IV disease received systemic che-
motherapy after surgery.

Locoregional recurrence was defined as recurred carcino-
ma of the bowel wall or within the lymphatic drainage area in
the region of primary tumour, confirmed by clinical and/or
pathological examination.

Distant metastases were clinically defined as recurrent
tumours in the peritoneum, liver, non-regional lymph nodes
or locations outside the abdominal cavity, such as lung and
bones. Emergency presentation was defined as bowel obstruc-
tion or perforation leading to surgery within 48 h after
admission.

Patients were followed up for at least 6 months
(range: 6–22 months).

Surgical technique

All colectomies were performed as open surgical procedures.
A subtotal colectomy with hand sewed end-to-end
ascendosigmoidostomy was performed in 19 patients (42 %)
and 26 patients (58 %) underwent an extended right

Table 1 Patients’ and tumour characteristics

Patients (n) Percentage (%)

Demographics

Age mean (years, range) 68.4 (23–91)

Gender

Male 27 60

Female 18 40

ASA classification

ASA I 5 11

ASA II 23 51

ASA III 17 38

Site of tumour

Transverse colon 26 58

Hepatic flexure 15 33

Splenic flexure 4 9

Surgical mode

Subtotal colectomy 19 42

Extended right hemicolectomy 26 58

Elective 43 96

Emergency 2 4

Tumour staging

pT1 1 2

pT2 6 13

pT3 26 58

pT4 12 27

pN0 21 47

pN+ 24 53

pN1 13 29

pN2 11 24

ILR 5 11

GLR 4 9

M0 33 73

M1a 12 27

Lymphatic (ILR, GLR) 8

Peritoneal 7

Hepatic 1

Grading

Well differentiated (G1) 0 0

Moderately differentiated (G2) 21 47

Poorly differentiated (G3) 24 53

ILR infrapancreatic lymph node region, GLR lymph node region right
gastroepiploic artery
aMore than one site of metastasis possible
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hemicolectomy with hand sewed end-to-end anastomosis of
the terminal ileum to the left transverse colon. In all cases, a
radical oncologic resection with CME, CVL and lymph node
dissection of the infrapancreatic lymph node region (ILR),
skeletonization of the greater curvature to resect the
gastroepiploic arcade with the adjacent lymph nodes, follow-
ing again the “10-cm rule” according to the vertically running
vessels of the greater omentum in relation to the site of the
primary tumour including en bloc the omentum into the
specimen and dissection of the lymph nodes over the
pancreatic head for tumours of the right transverse colon
including the hepatic flexure was performed, as described
previously (1).

The examined lymph node regions (ILR, GLR) together
with central vascular ligation (CVL) weremarkedwith sutures
of different colour (Figs. 1, 2 and 3: blue for CVL, white for
GLR and green for ILR), and these were examined thoroughly
and independently by two pathologists (Fig. 4).

Complications have been classified in surgical and non-
surgical complications.

Histopathological staging

The detailed TNM classification of all patients is demonstrat-
ed in Table 1. Twenty-two patients had a carcinoma of mod-
erate differentiation (G2) and in 24 patients a poorly differen-
tiated carcinoma (G3) was diagnosed. Thirty six patients
underwent a R0 resection, one patient R1 resection and eight
patients palliative resection due to synchronous distal metas-
tases (liver metastasis, n=1; peritoneal carcinomatosis, n=7).
The patient with a R1-resection had a carcinoma of the trans-
verse colon with infiltration of the head of the pancreas
(Fig. 5) and underwent an extended right hemicolectomy

and Whipple procedure and resection of the junction of the
splenic and superior mesenteric vein followed by vascular
reconstruction, and finally with microscopic residuals at the
portal vein.

Furthermore, we analyzed lymph node yield, lymph node
ratio (LNR), the specific lymph node manifestation according
to the intraoperative marking of the lymph node regions
(CVL, ILR, and GLR), site of tumour, extend of bowel
resection, morbidity, and mortality, clinical and postoperative
outcome.

Results

Study population, site of carcinoma, tumour characteristics

Between May 2010 and January 2013, 45 patients (women,
n=18; men, n=27) with a diagnosis of carcinoma of the

Fig. 1 Front side of specimen after subtotal colectomy and overview of
the marked lymph node regions (CVL central vascular ligation, ILR
infrapancreatic lymph node region,GLR lymph node region around right
gastroepiploic artery)

Fig. 2 Marking of the lymph node regions. Green suture: ILR

Fig. 3 Marking of the lymph node regions. White suture: GLR
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transverse colon, hepatic or splenic flexure were referred for
surgical evaluation to the Department of Surgery, University
Hospital of Erlangen. The patients’ physical status was
assessed according to the American Society of
Anesthesiologists (ASA) classification (Table 1).

In 26 patients (58 %), a carcinoma of the transverse colon
was detected, 15 patients (36 %) had a diagnosis of a carci-
noma of the hepatic flexure and four patients (16 %) of the
splenic flexure. In one patient, there was a carcinoma of the
transverse colon and the hepatic flexure as well. Two patients
underwent surgery as emergencies and underwent the same
surgical procedure as elective cases. The vast majority of the
patients (n=43) underwent elective surgical treatment.

Lymph node yield/Examination of the different lymph node
regions

The median lymph node yield was 40 (range: 19–125).
Twenty-four patients (52 %) had a positive lymph node status.
Occurrence of lymph node metastasis in the ILR region was
registered in five of 45 patients (11 % or 20 % of patients with
nodal positive status) and in the GLR in four patients (9 %,
16 % of patients with nodal positive status). In the rest of the
patients with nodal positive carcinoma (n=18), lymph node
metastases were registered only in the pericolic lymph node
region. Overall, in three patients (two with carcinoma of the
transverse colon and one with carcinoma of the hepatic flex-
ure), we found metastasis in distant lymph nodes, without
involvement of the pericolic lymph nodes.

In two patients with nodal positive carcinoma, lymph node
metastases were only present in the main nodes area (CVL)
and one patient with nodal positive carcinoma of the trans-
verse colon had lymph node metastases in the ILR.

The mean LNR in patients with nodal positive status and
carcinomas in UICC stadium III (n=16) was 0.085 (range:
0.018–0.25). The mean LNR in all patients with nodal posi-
tive carcinomas (UICC stadium III and IV) was 0.102 (range:
0.018–0.5).

Analysis of the patient with positive lymph node status in ILR
and GLR

Overall, eight patients underwent surgery for either carcinoma
of the transverse colon or of the hepatic flexure had lymph
node metastases along ILR and GLR. All patients with in-
volvement of both regions have been classified under UICC
stage IV, according to the latest TNM classification (17),
which considers the extramesocolic lymph nodemanifestation
as metastatic disease. However, only three of them had syn-
chronous peritoneal metastasis or distant metastasis in other
sites (Table 1). Involvement of both regions was found in one
patient with subtotal colectomy for carcinoma of the trans-
verse colon. In patients with carcinoma of the transverse colon
(n=26) lymph nodemetastases were seen in both regions (ILR
and GLR) in one case, only in ILR in three cases and only in
GLR in two cases. In patients with carcinoma of the hepatic
flexure (n=15) lymph node metastases in ILR were identified
in one case and in GLR in one patient. In patients undergoing
surgery for carcinoma of the splenic flexure lymph node
metastases were seen neither in ILR nor in GLR.

Postoperative complications, outcome

The postoperative outcome was uneventful in 36 patients
(80 %). Postoperative complications occurred in nine patients
(Table 2). Surgical complications were seen in six patients.
One patient developed an anastomotic leakage needing

Fig. 4 Overview and ILR, GLR

Fig. 5 Computed tomography scan of patient with carcinoma of the
transverse colon with infiltration of the head of pancreas, underwent
subtotal colectomy and Whipple procedure
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reoperation. Furthermore, minor surgical complications, such
as hematoma and lymph fistula, occurred in three patients and
have been treated conservatively. In-hospital mortality was
2% (n=1). This patient presented with an advanced transverse
colon carcinoma with infiltration of the pancreatic head, need-
ing Whipple procedure and died after discharge but related to
the surgical procedure after 2 months. There was no postop-
erative pancreatitis.

Discussion

Colorectal cancer is one of the most common malignant
tumours worldwide [18–21]. This represents an enormous
challenge and creates huge interest, especially with respect
to the oncologically correct surgical treatment [1–4].

In recent years, most of the published studies focused
mainly on the treatment of rectal carcinoma with
standardisation of the surgical technique and the interdisci-
plinary approach of the disease. This led to the introduction
and acceptance of an interdisciplinary therapeutic algorithm
including TME and neoadjuvant chemoradiation in locally
advanced cases, as state of art [5–9, 22–25].

This standardized process led to a change of the trend in
favour of rectal carcinoma in terms of local recurrence and 5-
year survival rates compared to colon, although adjuvant
chemotherapy, including irinotecan, oxaliplatin and biologi-
cals, was probably more frequently applied in colon cancer
patients [26–28].

It has been confirmed that CME produces superior quality
of specimens compared to conventional surgery [3, 4]. CME

represents also the surgical background for the maximal
lymph node harvesting, an important marker for quality as
far as the surgical outcome is concerned [3, 4, 10–14].
Similarly, the application of adjuvant chemotherapy in pa-
tients with nodal positive status plays a major role and signif-
icantly improves outcomes [27]. However, it cannot replace
deficits in cases of low quality surgery. Therefore, the combi-
nation of high quality surgery in terms of CMEwith extensive
lymph node dissection and the significant benefits coming
from the adjuvant chemotherapy represents a multidisciplin-
ary approach in order to improve outcomes in patients suffer-
ing from colon cancer, especially in these with the diagnosis of
UICC stage III disease.

Although several reports postulated that a radical lymph
node excision could lead to a more complicated course with
increased morbidity, it has been recently reported that an
excellent oncologic surgical outcome can be performed with-
out significant increase of overall morbidity or mortality rates
over the last 20 years [2]. Even the increased morbidity in
terms of anastomotic leakage and need of reoperation —
registered in the patients’ collective over the years 2000 to
2004 as published in the study of Weber et al. [2]— has been
an incidental finding, as the morbidity and rate of anastomotic
leakages has been significantly decreased in the years 2005 to
2010 (19.9 % and 1.8 %, respectively) [2]. Furthermore, the
fact that all patients regardless of emergency status, progres-
sive finding, such as T4 tumours, have been included in the
analysis cannot be underestimated and could be an important
factor for these results. Additionally, it is important to mark
the transparency of the results of the performed studies, as
most of clinical trials have strict exclusion criteria [1–4].

In this context, apart from the quality of plane preservation,
the extent of lymph node dissection also matters. Until now,
mainly the number of regional lymph node and central tie
were most frequently discussed. However, in cancer of the
transverse colon including flexures, the “third dimension,”
which is along the inferior pancreas and the gastroepiploic
arcade, has not been consequently considered. There is only
some data on the nodes over the pancreatic head [1] and on
those along the greater curvature of the stomach in cases of
right sided colon carcinomas [15]. In patients with a nodal
positive carcinoma of the transverse colon and of both flex-
ures, the involvement of lymph nodemetastasis in the ILR and
across the gastroepiploic arcade and in the lymph node region
of the right gastroepiploic artery (GLR) was observed in 20 %
overall. In the presence of infiltration of the greater omentum,
in particular, infrapancreatic metastases have been more fre-
quent. Considering the embryologic background, there are
vascular connections between both colonic flexures and great-
er omentum and uncinate process of the pancreas, which
explain the occurrence of metastases in these regions.

The metastatic route in ILR results from the lymphatic
drainage to lymph nodes along the arterial supply via

Table 2 Complications in 45 patients

Patients (n) Percentage (%)

None 36 80

Surgical complicationsa

Anastomotic leakage 1 2

Sepsis 1 2

Colon necrosis 1 2

Lymph fistula 1 2

Impairment of micturition 1 2

Hematoma 1 2

Wound infection 2 4

Nonsurgical complications

Cardiological 3 7

CVC infection 1 2

Renal failure 2 4

In-hospital mortality 1 2

CVC central venous catheter
aMore complications in one patient possible
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collaterals from the left-sided branches of the middle colic
artery towards the left pancreas to the Rami panreatici and
Arteria (A.) pancreatica transversa und inf. arising from the
inferior gastroduodenal artery. This is the connection between
these vessels and the left mesocolon, which has not been
described before. As far as the direct lymphatic route in
GLR is concerned, this occurs over direct connections be-
tween branches of the right gastroepiploic artery and omentum
vessels. This is the anatomic background of these direct lym-
phatic drainage ways, which can lead to lymph node metas-
tasis of transverse colon carcinomas in ILR and GLR.
Furthermore and according to previous reports [1], in about
5 % of carcinomas of the hepatic flexure, metastases can be
found over the pancreatic head and this could be the result
through a potential anastomosis between the A. pancreatica
magna and A. pancreatica transversa in the ILR. Additionally
in cancer of the transverse colon and the splenic flexure,
lymphatic metastasis could be observed along the greater
curvature of the stomach and the distal (left) infrapancreatic
region [1].

Although there has been, until now, no valid data in the
literature on this subject, we performed radical oncologic
surgery, as previously described, including GLR and ILRwith
intraoperative marking of these lymph node areas for more
than 20 years, as described above.

In our series, we were able to confirm first that these lymph
nodes could have a significant oncologic impact, because
lymph node metastases could be detected in the ILR and in
GLR in 20 % and 12.5 % of the patients with a nodal positive
carcinoma, respectively.

We also have to emphasize that three patients of our series
had metastasis in distant lymph node regions (GLR, CVL)
without involvement of the pericolic lymph node area.

These lymph node metastasis routes have not been system-
atically evaluated in the literature; however, our results deliver
strong arguments to include these lymph node regions into the
lymph node dissection in case of carcinoma of the transverse
colon and both flexures.

Most of these patients suffered from a carcinoma of the
transverse colon (n=6). However, there were two patients
with carcinoma of the hepatic flexure which showed metasta-
ses in both lymph node regions (one patient with lymph node
metastasis in ILR and one patient in GLR). This patient had
also lymph node metastases in the lymph node area over the
pancreatic head and our hypothesis is that there is a metastatic
route over the right gastroepiploic artery to A. pancreatica
transversa and Rami pancreatici.

As far as the dogmatic statement is concerned — that a
radical excision with extensive lymph node dissection neces-
sarily leads to an increased morbidity and mortality, we could
assert that our standardized technique did not induce any
significant disadvantage for the patients and their postopera-
tive course [2]. Of course — and in the verge of extended

lymph node dissection — there could be an increased mor-
bidity in cases of: surgical treatment after operative explora-
tion because of the adhesions, previous pancreatitis or in cases
of presence of chronic pancreatitis and/or pseudocysts and
low experience in terms of CME and/or surgical–anatomic
knowledge of the sensitive region over the pancreas head and
the infrapancreatic region. These regions are very well
vascularised, and the risk of an intraoperative or postoperative
bleeding is very high, if the anatomic characteristics are not
taken into consideration [1]. However, the risk for both mor-
bidity and mortality was very low, and 80 % of the patients in
the present series had an uneventful course. There was the
need for reoperation in one case of anastomotic leakage, and
all other complications that occurred could be managed either
conservatively or interventionally. Furthermore, mortality is
not increased. On the other hand and in order to avoid the high
risk of an increased morbidity, in terms of postoperative
pancreatitis, we discourage the dissection of the nodes along
pancreas, if there are firm fibrous fixations due to earlier
pancreatitis or in presence of a chronic pancreatitis.

Limitations of the present study are the absence of a long
follow-up and the impact of this surgical technique on the
survival and disease-free rates in these patients. Furthermore
this study does not have the advantages of a randomized
clinical trial. Nevertheless, the data reported included all pa-
tients that underwent elective and emergency surgery. Another
limitation is that this study was performed in a single institu-
tion and the results obtained might not be comparable to those
in other centers. Unicentral studies, however, have the advan-
tage of reducing the number of possible differences in surgical
technique.

These metastatic routes are not considered as regional
lymph node stations in the current UICC classification [17].
Metastasis in these regions are until now considered as distant
metastasis. If these metastatic regions were considered as
regional lymph node regions, four patients of our collective
were classified under UICC stadium III according UICC
classification [17]. Our results based on embryologic and
anatomical considerations which identify these nodes as re-
gional lymph nodes should be considered when the actual
UICC staging system of colon cancer will be reconsidered.
Finally, these findings need to be reevaluated in other centers,
too.

Conclusion

Through this study, we were able to demonstrate this novel,
not previously described metastatic route of the transverse
colon carcinomas to the ILR and the region along the
gastroepiploic arcade. The incidence of the lymph node me-
tastasis in these regions in the present series was 20 % and
12.5 %, respectively, in patients with a nodal positive
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carcinoma. Furthermore, we showed that the occurrence of
metastasis in these lymph nodes is not obligatory correlated
with peritoneal dissemination or other distant metastasis. Even
more, these lymph node stations may represent regional nodes
and its involvement not necessarily distant metastases, as they
are now staged in the actual TNM staging system. Therefore,
the excision of the infrapancreatic lymph nodes and the
gastroepiploic arcade should be included into radical lymph
node dissection of transverse colon cancer.

Progress in oncology and evenmore in surgical oncology is
a stepwise procedure. Like a mosaic, each little stone contrib-
utes to improvement.
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