
Aim of the study: Actual lymphatic
drainage of pancreatic body neoplasms
and the proper extent of lymphadenec-
tomy remain unknown. The aim of the
study was to define the exact lymphat-
ic draining pattern using the dye map-
ping method.
Material and methods: The study
enrolled patients who were operated on
for tumor of the pancreatic body in the
Department of General and Transplant
Surgery of the Medical University of Lodz
during 2010, with injection of 1 ml of blue
dye (Patent Blue, Guerbet) in the centre
of the neoplasm and sentinel node
identification. Radical surgical manage-
ment included distal pancreatectomy,
whereas gastrojejunal or triple bypass
anastomoses were performed in irre-
sectable cases.
Results: The study group consisted of 
13 patients with locally advanced tumors
of the pancreatic body (T3 and T4,
mean tumor size 4.9 cm). Lymphatic
mapping was able to identify sentinel
nodes in 5 of 13 cases (38.46%). A sen-
tinel node was found in station 11p 
(3 cases) and 9 (1 case). Skip metastasis
to the left gastric artery node (group 7)
was noted. All identified sentinel no des
were metastatic; tumor deposits were
confirmed in non-sentinel nodes as
well.
Conclusions: In advanced pancreatic
body tumors feasibility of sentinel node
navigation is considerably restricted.
Further studies in smaller tumors using
optimized newer markers may define the
exact lymphatic draining pattern.

Key words: pancreatic body tumor, sen-
tinel node, lymphadenectomy.
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Introduction

Surgical excision of pancreatic cancer remains the gold standard of treat-
ment [1]. Nevertheless, 5-year postoperative survival rates of these patients
are unsatisfactory [2], due to high incidence of lymphatic invasion and poor
loco-regional cure [3].

So far, the application of sentinel node biopsy in gastrointestinal cancers,
initially introduced in malignant melanoma [4, 5] and breast cancer [5, 6] and
based on the orderly progression of cancer cells within the lymphatic system,
has confirmed multidirectional drainage. Several studies indicate occurrence
of skip metastases beyond regional lymph nodes, resulting in inadequate stag-
ing of gastrointestinal cancers [7], and extensive lymphadenectomy accord-
ing to the Japanese classification is recommended to improve survival in these
patients [8]. Currently, in cancer of the pancreatic head, standard lym-
phadenectomy includes lymph nodes located peripancreatically as well as to
the right of the superior mesenteric artery and along the proper hepatic artery.
In contrast, studies concerning the extent of lymphadenectomy in cancers of
the pancreatic body hardly exist, while their occurrence rate is about 25% [9],
and the actual lymphatic drainage of these neoplasms and proper extent of
lymphadenectomy remain unknown. Lymphatic mapping seems to be an essen-
tial tool for identifying complicated lymphatic streams in pancreatic cancer
in order to plan an adequate extent of surgical resection [4, 10, 11]. Thus, the
aim of our study was to define the exact lymphatic draining pattern from pan-
creatic body tumors using the dye lymphatic mapping method.

Material and methods

This study enrolled patients hospitalized in the Department of General and
Transplant Surgery of the Medical University of Lodz during 2010, who were
operated on for tumor of the pancreatic body with preoperative view of rad-
ical operation. Preoperative aspiration tumor biopsy confirming cancer was
not applied. Subjects with distant metastases were excluded preoperative-
ly. No exclusions were made based on intraoperative irresectability. Tumor size
was recorded for all patients.

At laparotomy, the lesser sac was opened through an incision into the gas-
trocolic ligament to visualize the tumor of the pancreatic body. Before mobilization
of the pancreas for resection 1 ml of blue dye (Patent Blue, Guerbet) was inject-
ed in the centre of the tumor. After 5 minutes, lymphatic drainage routes revealed
by colored lines were assessed with great care and separate biopsy of blue-dyed
lymph node was performed. Since dye migration time to the first lymph node
was short, identification with optional lymph node biopsy had to be instant, since
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otherwise further lymph node stations might have been blue-
dyed. However, rapid and traumatic preparation had to be avoid-
ed, since it might have injured proximal lymphatic channels
leading to the sentinel node, with dye flow to surrounding tis-
sues and impossible sentinel node identification.

Blue (sentinel) lymph nodes were sent for further histopatho-
logical examination. In resectable tumors surgical management
included radical distal pancreatectomy with excision of region-
al lymph nodes. In irresectable cases gastrojejunal or triple bypass
anastomoses were performed, and specimens of pancreatic
tumor and enlarged (non-sentinel) lymph nodes were sent for
further histopathological evaluation.

Results

The study group consisted of 13 patients (mean age 
50 ±9, M/F ratio 4 : 1), after written informed consent, with
locally advanced tumors of the pancreatic body (T3 and T4
according to the TNM scale). Preoperative imaging studies
excluded distant metastases, but mostly failed in evaluation
of tumor resectability and lymph node involvement in
comparison to the intraoperative view.

Lymphatic mapping was able to identify sentinel nodes in
the minority of cases with a positive rate of sentinel node detec-
tion of 38.46% (5/13 of cases); final diagnosis, type of oper-
ation, mean tumor size and blue-dyed sentinel nodes are sum-
marized in Table 1. Most commonly, the sentinel node was
localized along the proximal splenic artery (3 cases; group 11p
according to Japanese classification) [5]. In one case, skip metas-
tasis to the left gastric artery node (group 7) was noted. All
identified sentinel nodes were metastatic, although tumor
deposits were confirmed in other lymph nodes of these patients.

Discussion

Sentinel node biopsy is standard procedure among
patients with malignant melanoma [7, 8] and breast cancer

[8, 9]. Due to the evident benefits of lymphatic mapping in
these malignancies, this technique has been recently used
in cases of solid tumors of the gastrointestinal tract includ-
ing the pancreas [10–13]. Intraoperative, selective sentinel
node biopsy is considered to be a revolutionary surgical man-
agement of these patients. Some authors recognize this
method as an essential tool for identifying complicated lym-
phatic streams from upper gastrointestinal cancers and dis-
tribution of skip metastases, which pass the closest station
of lymph nodes, according to the Japanese classification [5],
and may not be taken during standard lymphadenectomy
[14]. Various studies indicate that skip metastases may occur
among 9 to 19% of all patients with a solitary lymph node
metastasis [4]. Detection and accurate investigation of
this node may rule out understaging of gastrointestinal can-
cers, which is considered as a phenomenon responsible for
poor loco-regional control and chemoresistance of upper gas-
trointestinal cancers. Unfortunately, our study failed to detect
the actual pattern of lymph flow from tumors of the pan-
creatic body, for several reasons. Firstly the natural course
of pancreatic body tumors is mostly asymptomatic, which
makes its detection delayed, and they are usually diagnosed
in a late stage of local advancement, as suggested by our
study. Thus, in this stage of tumor lymphatic channel inva-
sion and its occlusion is highly possible. Early metastatic
spread with massive lymph node involvement may divert or
obscure lymph flow, which prevents sentinel node identifi-
cation [15]. The negative correlation between sentinel node
detection rate and tumor advancement in breast cancer is
well known [16] and pancreatic body tumor size in our group
was bigger than breast cancer usually evaluated by lymphatic
mapping [17]. Additionally, surgeon’s experience in sentinel
node identification techniques was proved as an indepen-
dent factor improving its detection, with a learning curve of
more than 20 patients in the case of breast cancer [18]. In
our study group, operations were performed by high-volume

Table 1. Location of sentinel node in individual subjects. The mean tumor size was 4.9 cm (range, 3–7 cm)

No. Diagnosis Operation procedure Blue-dyed sentinel node

1 adenocarcinoma distal pancreatectomy solitary in station 7

2 adenocarcinoma gastroenteroanastomosis solitary in station 11 p

3 adenocarcinoma distal pancreatectomy solitary in station 11 p

4 adenocarcinoma triple bypass –

5 adenocarcinoma triple bypass –

6 adenocarcinoma triple bypass –

7 adenocarcinoma triple bypass –

8 adenocarcinoma triple bypass –

9 adenocarcinoma distal pancreatectomy –

10 adenocarcinoma distal pancreatectomy –

11 adenocarcinoma gastroenteroanastomosis two routes; blue node in station 9 
and negative in station 14a

12 adenocarcinoma triple bypass –

13 adenocarcinoma gastroenteroanastomosis solitary in station 11 p
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surgeons performing approximately 100 pancreatic proce-
dures yearly. Nevertheless, the influence of their small
experience in lymphatic mapping in the retroperitoneal space
on the high negative sentinel node detection rate cannot be
excluded. Finally, pancreatic lymphatic drainage is complex.
Studies on staging of pancreatic head cancer revealed
lymphatic routes draining to the celiac axis and superior
mesenteric artery nodes. Some smaller branches may drain
directly to paraaortic nodes and then to the thoracic duct [19],
which are not visualized in irresectable tumors. Moreover,
some authors indicate that pancreatic drainage may accom-
pany multidirectional venous drainage with the absence of
a solitary sentinel lymph node, similarly to lung cancer [20].

Despite the fact that our study failed to detect the accu-
rate pattern of lymph flow from primary tumor of the pan-
creatic corpus, some interesting observations of lymphatic
drainage should be noted. In one case two routes of lymphatic
drainage were observed: a group of inferior drainage down-
wards into the superior mesenteric artery (group 14a) with-
out an identified blue-dyed node, and a group of superior
drainage into a solitary blue lymph node of the celiac axis
(group 9) (Figs. 1, 2). In another study on lymphatic mapping
in upper gastrointestinal cancers, usually two to three
metastatic sentinel nodes in this station were blue-dyed. That
highlights their important role in dissemination of gas-
trointestinal cancer cells within lymphatic channels [14].
Another interesting case was a solitary lymphatic route
leading to a blue lymph node next to the left gastric artery
(group 7), exceeding the usual lymphadenectomy area in pan-
creatic corpus cancers, which includes celiac plexus nodes
(group 9), spleen artery and hilum nodes (group 10 and 11)
and lymph nodes of the lower border of the pancreas (gro -
up 18). This confirms existence of the skip metastases phe-
nomenon in pancreatic corpus cancer and proves their unpre-
dictable occurrence. Nevertheless, the clinical implications
of these observations will still be limited, until survival ben-
efits of extended lymphadenectomy in patients with pan-
creatic cancer and metastatic lymph nodes are proved [21].

In conclusion, due to delayed detection of pancreatic body
tumors, with resectability rate less than 10%, feasibility of
sentinel node navigation is considerably restricted. In the
authors’ opinion, further studies on lymphatic mapping in

a selected group of early stage tumors (smaller than 2 cm)
with the use of optimized newer markers may define the exact
lymphatic drainage pattern from the pancreas. If con-
firmed by future studies, sentinel node biopsy might be suit-
able for patients who are preoperatively diagnosed with ear-
ly pancreatic body cancer and minimally invasive surgery
including laparoscopic distal pancreatectomy with person-
alized lymphadenectomy could be safely performed.
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