
32 J Nippon Med Sch 2017; 84 (1)

―Original―

Usefulness of Color Coding Resected Samples from a Pancreaticoduodenectomy

with Tissue Marking Dyes for a Detailed Examination of Surgical Margin

Surrounding the Uncinate Process of the Pancreas

Satoshi Mizutani1, Hideyuki Suzuki1, Takayuki Aimoto1, Seiji Yamagishi1,

Keisuke Mishima1, Masanori Watanabe1, Yasuhiko Kitayama2, Norio Motoda2,

Saiko Isshiki3 and Eiji Uchida4

1Institute of Gastroenterology, Nippon Medical School Musashi Kosugi Hospital, Kanagawa, Japan
2Department of Pathology, Nippon Medical School Musashi Kosugi Hospital, Kanagawa, Japan
3Department of Radiology, Nippon Medical School Musashi Kosugi Hospital, Kanagawa, Japan

4Department of Surgery, Nippon Medical School, Tokyo, Japan

Background: Characteristics of a cancer-positive margin around a resected uncinate process of the pan-

creas (MUP) due to a pancreticoduodenectomy are difficult to understand by standardized evaluation

because of its complex anatomy.

The purposes of this study were to subclassify the MUP with tissue marking dyes of different colors

and to identify the characteristics of sites that showed positivity for cancer cells in patients with pancre-

atic head carcinoma who underwent circumferential superior mesenteric arterial nerve plexus-

preserving pancreaticoduodenectomy. Results of this evaluation were used to review operation proce-

dures and perioperative methods.

Method: We divided the MUP into 4 sections and stained each section with a different color. These sec-

tions were the pancreatic head nerve plexus margin (Area A), portal vein groove margin (Area B), supe-

rior mesenteric artery margin (Area C), and left of the superior mesenteric artery margin (Area D). The

subjects evaluated were 45 patients who had carcinoma of the pancreatic head and were treated with

circumferential superior mesenteric arterial nerve plexus-preserving pancreaticoduodenectomy.

Results: Of the 45 patients, nine cases (90%) of incomplete resection showed cancer-positivity in the

MUP. Among the 4 sections of the MUP, the most cases of positive results [MUP(+)] were found in Area

B, with Area A(+), 0 case; Area B(+), 6 cases; Area C(+), 2 cases; and Area D(+), 3 cases (total, 11 sites in

9 patients). Relapse occurred in 7 of the 9 patients with MUP(+). Local recurrence was observed as in-

itial relapse in all 3 patients with Area D(+). In contrast, the most common site of recurrence other than

that in patients with Area D(+) was the liver.

Conclusion: By subclassifying the MUP with tissue marking dyes of different colors, we could confirm

regional characteristics of MUP(+). As a result, circumferential superior mesenteric arterial nerve plexus-

preserving pancreticoduodenectomy was able to be performed in R0 operations in selected patients

while a better postoperative quality of life was maintained. Furthermore, Area D(+) represents an exten-

sion beyond the limit of the local disease and may indicate the need for early aggressive adjuvant che-

motherapy. (J Nippon Med Sch 2017; 84: 32―40)
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Fig.　1　a: The margin of the uncinate process of the pancreas (MUP) (yellow area) is shown in the 

diagram. The caudal margin of MUP is determined by the horizontal portion of duode-

num.

b: Subclassification of the MUP is shown in a cross-sectional image of the abdomen. Three 

quadrangular regions stained with different colors represent each section of the MUP.
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Introduction

Pancreaticoduodenectomy (PD) is the standard surgery

for carcinoma of the pancreatic head. For patients with

this disease, the best hope for a cure is complete histopa-

thological resection1―3. To determine the success of com-

plete histopathological resection, the most important fac-

tor is a resected peripancreatic tissue margin that tests

negative for the involvement of cancer cells4. Hence, im-

proving the operative procedures in PD to ensure com-

plete excision, after which histopathological examination

shows no residual tumor (R0), is important5―7.

Surgical margins resected with PD consist of the pan-

creatic transection margin, bile duct cut margin, enteric

margin, anterior surface, posterior margin, hepatoduode-

nal ligament margin, and the margin around the uncinate

process of the pancreas (abbreviated hereafter as

“MUP”). In these margins, characteristics of a cut end in

which histopathological examination has shown cancer

cells to be involved with the MUP [MUP(+)] are difficult

to understand through standardized evaluation, because

the MUP is a wide, complicated, and anatomically and

embryologically 3-dimensional structure intricately

passed through by the superior mesenteric artery (SMA),

superior mesenteric vein (SMV), and many nerve plex-

uses around the pancreatic head (Fig. 1a)4―8.

Therefore, we devised a subclassification of the MUP

and performed a histopathological review of the charac-

teristics of cancer-positive sites in MUP(+) cases. The

MUP was divided into 4 sections, each of which was

stained with a tissue marking dye (TMD) of a different

color (Fig. 1b). Staining different parts of the MUP with

different colors of TMD allowed for subclassification of

the MUP and confirmation of regional characteristics of

cancer-positive MUP. Subclassifying the MUP was most

difficult along the SMV from the area along the SMA. In

most cases, the border between the SMV area and SMA

area in the resected sample is not easily identified. Deter-

mining whether the stump of the MUP was the true sur-

face or a desquamated surface in the prepared slides was

difficult. Furthermore, the significance of positivity for

cancer in the MUP differed greatly, depending on where

the cancer cells were observed on the MUP site. For ex-

ample, positivity for cancer observed along the boundary

between the SMV or SMA adventitia (marginal) was

more clinically significant than was positivity observed

along the boundary between consecutive fat tissues and

lymph nodes9,10.

In 2008, circumferential SMA nerve plexus (PLsma)-

preserving PD was introduced for R0 operations at our

institution, in an effort to maintain patients’ postopera-

tive quality of life. Indications for PLsma-preserving PD

were determined on the basis of the previously reported

enhanced computed tomographic (CT) criteria for PLsma

invasion11―13. Circumferential PLsma-preserving PD was

performed for all patients who were confirmed as not

having obvious PLsma invasion. However, circumferen-

tial PLsma-preserving PD is also associated with a high

risk of cancer positivity in the dissected peripancreatic

tissue margin. This method of surgery also highlights the

difficulty of an unclear MUP at the border between the

PLsma and the second section of the pancreatic head

nerve plexus in the resected samples14―16.

The purposes of this study were to subclassify the

MUP with TMDs of different colors and to identify the
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Fig.　2　Each MUP section is highlighted by TMD staining 

after formalin fixation. Area D (red) is markedly 

smaller after formalin treatment.

characteristics of sites identified as MUP(+) in patients

with carcinoma of the pancreatic head who received cir-

cumferential PLsma-preserving PD. Results of this evalu-

ation were also used to review operative procedures and

perioperative methods.

Method

Anatomical Classification of the MUP According to

Japanese General Rules for the Study of Pancreatic

Cancer and the National Comprehensive Cancer Net-

work Guidelines

According to the Japanese General Rules for the Study

of Pancreatic Cancer17, the resected margin in pancreatic

carcinoma is classified into 3 sections: the pancreatic cut

end margin, the bile duct cut end margin, and the dis-

sected peripancreatic tissue margin. The MUP defined in

this study corresponds approximately to the remaining

area after the anterior surface, posterior margin, and he-

patoduodenal ligament margin are removed from the

dissected peripancreatic tissue margin.

In contrast, the resection margin in pancreatic carci-

noma according to the National Comprehensive Cancer

Network (NCCN) practice guidelines on oncology for

pancreatic adenocarcinoma18 is composed of the pancre-

atic transection margin, bile duct margin, enteric margin,

anterior surface, posterior margin, SMA margin, and por-

tal vein (PV) groove margin. The MUP corresponds to

the total extent of the PV groove margin, SMA margin,

and the area left of the SMA margin to the ligament of

Treitz (Fig. 1a, b).

Subclassification of the MUP

We divided the MUP into the following 4 subsections

on the basis of the NCCN guidelines and various refer-

ences6―9,18―20 (Fig. 1b, 2), namely (1) the area around the

first portion of the pancreatic head nerve plexus, Area A

(black); (2) the area around the PV groove margin, Area

B (blue); (3) the area around the SMA margin, Area C

(green); and (4) the area left of the SMA margin to the

ligament of Treitz, Area D (red): Each of these sections of

the MUP in the resected samples were stained with

TMDs of different color, and, as a result, a detailed histo-

pathological evaluation of the cut margin was able to be

performed (Fig. 2).

Surgical Technique and Histopathological Preparation

In combination with the circumferential PLsma-

preserving method, we introduced a left posterior ap-

proach for a PD with total excision of the mesopancreas

and circumferential lymphadenectomy around the SMA

while preserving the circumferential PLsma in cases of

carcinoma of the pancreatic head21―23. The second portion

of the pancreatic head nerve plexus (PLPhII) was deter-

mined to be the left margin in resected samples in con-

ventional PD. However, this tissue (fat tissue, lymph ves-

sels, lymph nodes, and nerves) extends beyond the SMA

margin (Area C) to the ligament of Treitz, and this sec-

tion (Area D) was referred to as the “mesopancreas” to-

gether with the SMA margin (Area C)5―8,19,20,24 (Fig. 1―5).

Thus, the entire Area D can be dissected in the left poste-

rior approach for PD.

In the PLsma-preserving PD, the surface of Area C is

the border between the PLsma and the PLPhII (Fig. 4, 5).

As TMDs for samples resected with PD, dyes of the

Davidson Marking System (Bradley Products, Inc.,

Bloomington, MN, USA) were used. To prevent misiden-

tification of each edge of the MUP, border points were

marked with surgical clips during the operation. In par-

ticular, for the border between Area B and Area C, the

marking clips were attached when the SMA was lifted

and isolated by vessel taping. So that the resected sam-

ples could be satisfactorily stained, the TMDs were ap-

plied under both raw and formalin-fixed conditions.

Data from 45 patients, who had carcinoma of the pan-

creatic head without obvious PLsma invasion and had

been treated with the left posterior approach for PD

while preserving the circumferential PLsma, were evalu-

ated from 2008 through 2014, with a focus on TMD stain-

ing. Indications for circumferential PLsma-preserving PD

were determined on the basis of enhanced CT criteria for

PLsma invasion as previously reported11―13.
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Fig.　3　Sections are detached parallel to the axial lines.

A: Cancer cells (white mass) invading fat tissue surround-

ing the SMV contiguous with the anterior pancreatic cap-

sule (Area B) (*) and PLPhII (Area C) (**).

B: A greater amount of mesopancreas to the left of PhPLII 
(Area D) could not be dissected without LPAPD. Cancer 

cells invading the PLPhII (Area C) (***).

Fig.　4　Metastatic lymph nodes are observed in Area D. 

The patient was diagnosed with pancreatic neuro-

endocrine carcinoma (NETG3) and underwent 

surgery. (loupe image)

Fig.　5　Cancer cells invading the PLPhII (Area C: yellow 

arrows), but were not exposed on the surface at 

the border between PLsma and PLPhII [Area C 

(–)]. (loupe image)

Table　1　Histopathological 

examination of ex-

cised specimen

R0 35/45 (77.8%)

R1 10/45

MUP (+) 9/45

MUP (–) 2/45

Area A (+) 0/9

Area B (+) 6/9

Area C (+) 2/9

Area D (+) 3/9

MUP indicates margin around 

the uncinated process of the 

pancreas.

Results

On the basis of the Japanese General Rules for the Study

of Pancreatic Cancer17, cases of pancreatic cancer were di-

vided into stages in 45 patients as follows: stage II, 3

cases; stage III, 11 cases; stage IVa, 23 cases; and stage

IVb, 8 cases. The PV or SMV resection and reconstruction

was performed for 15 patients (33.3%). Histopathologic

examination revealed serosal invasion in 30 cases, retrop-

eritoneal invasion in 24 cases, duodenal invasion in 20

cases, common bile duct invasion in 19 cases, PV inva-

sion in 8 cases, major arterial invasion in 1 case (acces-

sory right hepatic artery), extra pancreatic nerve plexus

invasion in 19 cases (42.2%), and other organ invasion in

0 cases. The rate of PL invasion was 42.2%. Patients were

excluded from this study if PLsma invasion had been

preoperatively diagnosed. The PLPhII accounted for most

cases of extra pancreatic nerve plexus invasion (14 of 19;

73.7%). No patient had profuse or severe diarrhea after

surgery, and all but 5 patients received adjuvant chemo-

therapy. The histopathological R0 rate was 77.8% (35 pa-

tients).

Of 10 cases of incomplete resection (R1), 9 (90%)

showed cancer positivity in the MUP (Table 1). When the

MUP(+) cases were subclassified, only 2 were in Area C

(4.4%). Among the 4 MUP sections, the one with the

most MUP(+) sites (total, 11 sites in 9 patients) was Area

B (6 sites, Fig. 6), which was followed by Area D(+) (3

sites) and Area C(+) (2 sites) (Fig. 7); (Table 1). Two pa-



S. Mizutani, et al

36 J Nippon Med Sch 2017; 84 (1)

Fig.　6　Exposed cancer cells in fat tissue surrounding the 

SMV (blue arrows) [S+ and Area B (+)], and in-

vading PLPhII (Area C) (**). Furthermore, a meta-

static lymph node (***) is seen rupturing tissue in 

PLPhII (Area C). Area C margin is negative (green 

arrow) (loupe image).

Fig.　7　Glandular tumors on the green line in PLPhII 

[Area C (+)]. (×2 magnification)

tients had multiple MUP(+) sites (1 patient with Areas B

and C and 1 patient with Areas C and D) (Table 1). In

Area B(+) cases, cancer cells were visible on the surface

of the fat tissue resected around the SMV and PV, be-

yond the exposed serosa, and contiguous with invasion

of the root of the mesentery of the transverse colon (Fig.

6).

The median follow-up period was 502 days, and dis-

ease relapsed in 25 patients (55.6%). The primary type

and location of recurrence after surgery in most patients

(18 of 25 patients) was metastasis in the liver. Disease re-

lapsed in 7 of 9 patients with MUP(+) cases (77.8%). The

site of initial recurrence differed significantly between pa-

tients with R0 and patients with R1 (Table 2); in patients

with R0 the initial recurrence was never local recurrence.

However, initial recurrence was localized in all patients

with Area D(+) cases (n=3) but was not localized in most

other patients with MUP(+) cases (Table 2).

Discussion

Surgical margins resected with PD consisted of the pan-

creatic transection margin, bile duct cut margin, enteric

margin, anterior surface, posterior margin, hepatoduode-

nal ligament margin, and the MUP17,18,25. In these margins,

determining exposed cancer cells was most difficult in

the MUP in histological preparations, because of the

poorly defined edge of the margin and anatomic com-

plexity5,6,8―10. By clarifying the characteristics of MUP(+)

and determining the causes of positivity in the margin of

specific sites, inadequacies in surgical procedures and

limitations in local treatment can be differentiated. How-

ever, distinguishing whether the stump of the MUP is the

true surface or a desquamated surface in prepared slides

is difficult. Because these difficulties make the adequacy

of operative procedures more difficult to determine, sur-

gical techniques should be improved for MUP(+) cases,

which is the most important factor in preventing R0 op-

eration. Therefore, we subclassified the MUP and exam-

ined the characteristics of cancer-positive sites in MUP(+)

cases.

Although some guidelines regarding the surgical mar-

gin have been issued in western countries18,25, subclassifi-

cation is currently based on the NCCN guidelines18. The

MUP corresponding to the Japanese General Rules for

the Study of Pancreatic Cancer and the NCCN guidelines

is described in the Methods section of the present article.

The MUP subclassification standards were set according

to the definition of margins in the NCCN guidelines18 be-

cause they closely coincide with the “mesopancreas” ana-

tomically5―8,19. This MUP subclassification was able to be

sufficiently confirmed because localized diagnoses of the

MUP were possible and the presence of a positive mar-

gin was able to be clearly determined.

The first anatomical concept of the mesopancreas was

published by Gockel et al. in 20078. Popescu and Dumi-

trascu suggested that the mesopancreas is an anatomical

space with the following limits: anterior, the posterior
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Table　2　Examination of recurrence of post-operative patients

Recurrence

All 25/45 (55.6%)

R0 (35) 17/45

R1 (10) 8/10

R1 [MUP (+)] 7/9

Initial recurrent site

Local 3/25

Liver 18/25

Lung 5/25

Lymph node 4/25

Initial recurrent site R0 R1

Local  0 3

Liver 15 3

Lung  4 1

Lymph node  2 2

Recurrence based on MUP (+) site

Recurrence in Area B (+) 3/6

Recurrence in Area C (+) 1/2

Recurrence in Area D (+) 3/3

Initial recurrent site based on MUP (+) site Lung Liver Local Lymph node

Recurrence in Area B (+) (n=3) 1 2 0 1

Recurrence in Area C (+) (n=1) 0 1 0 0

Recurrence in Area D (+) (n=3) 0 0 3 0

surface of the pancreatic neck; posterior, the pancreati-

coduodenal coalescence fascia; medial, mesenteric ves-

sels; and lateral, the uncinate process. Although the

mesopancreas contains nerves, lymphatic vessels, and

small blood vessels and is surrounded by fatty tissue, it

has still not been clearly defined19. In other words, the

mesopancreas includes the retroportal lamina, the second

portion of pancreatic nerve plexus, and the mesopancrea-

toduodenum, which consists of the extra pancreatic nerve

plexus, fatty tissue, lymphatic nodes and networks, and

small blood vessels. The third and fourth portions of the

duodenum and proximal jejunum form a common mes-

entery and are included in the “mesopancreas”. The

mesopancreas roughly corresponds to the area composed

of the SMA margin based on the NCCN guidelines and

the tissue left of the SMA margin until the ligament of

Treitz (Area D)5―8,19,20,24.

Subsequently, we defined the MUP as the total extent

of (1) the first portion of the pancreatic head nerve

plexus (Area A), (2) the PV groove margin (Area B), (3)

the SMA margin (Area C), and (4) left of the SMA mar-

gin to the ligament of Treitz (Area D) (Fig. 1b, 2). We

then divided the MUP into 4 sections and stained them

with TMDs of different colors. By doing so, the MUP

could be subclassified. In fact, clear visualization of the

surgical margin with various colors allows detailed de-

lineation of a positive site on the MUP in individual pa-

tients, improved accuracy in diagnosis, and fewer surgi-

cal problems. As mentioned earlier, evaluating the surgi-

cal margin in conformational and nonserous organs is

difficult. Evaluation of macroscopic and microscopic find-

ings of the surgical margin does not always yield consis-

tent results. In addition to the anatomical complexity of

the resected sample, the loss of orientation of the divided

sections of the MUP during paraffin-embedding often

leads to great difficulty in evaluating the extremely im-

portant MUP. To resolve these issues, staining the re-

sected samples with TMDs is useful. Staining with TMDs

helps the surgical margin to be accurately diagnosed26,27.

The TMDs were originally developed for staining pros-

tate and mammary glands to determine the outermost

layer of these organs without a serosa26―28. The greatest

benefits of TMDs are that they do not lose color during

the staining process and that they retain their original

color after staining. As a result, the true surgical margin

can be accurately confirmed26―29. A variety of TMDs are
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available commercially28―30. Among the available stains,

we adopted TMDs of the Davidson Marking System

(Bradley Products, Inc.) because they stably adhere to the

organ during histological staining and because the decol-

orization process is not complicated.

According to evaluation of the MUP by subclassifica-

tion, the most common cancer-positive site on the surgi-

cal margin in MUP(+) cases was Area B (Table 1). The

main reason for this result is that the PV groove margin

is closest to the tumor in carcinomas of the pancreatic

head. Another reason may be that fewer PDs with PV re-

section are performed at our institution than at other in-

stitutions31―35. Thus, more aggressive adoption of PD with

PV resection is highly recommended.

Although cancer cells can easily invade the PL (n=19),

only 2 cases (4.4%) were Area C(+) in the present study

(Table 1). This low rate may support circumferential

PLsma-preserving PD in order to carry out R0 operations

in selected patients, and promote better postoperative

quality of life36,37. Furthermore, TMD staining was able to

be used to verify our preoperative multidetector CT di-

agnosis of obvious PLsma invasion.

For unknown reasons, no cases of the present study

were in Area A(+).

In addition, Area D is the farthest from the pancreatic

head. Therefore, Area D(+) may increase the likelihood of

retroperitoneal dissemination. In support of this hypothe-

sis, all initial sites of recurrence in Area D(+) in this

study were localized, although early diagnosis of local-

ized recurrence is difficult with CT (Table 2). In contrast,

initial sites of recurrence in most MUP(+) cases other

than Area D(+) cases were not localized. Contrary to our

expectations38, no difference in disease-free survival time

between cases with different MUP(+) sites was observed.

This lack of difference may be due to the small number

of patients in each subclass and the difficulty of using CT

examination to distinguish recurrence from small postop-

erative scars. Hence, new methods of examination are

needed for accurate and early judgment. Because Area D

(+) represents an extension beyond the limit of the local

disease, it may indicate the need for early aggressive ad-

juvant chemotherapy.

In similar studies reported earlier5,8―10,20,24, the rate of R1

operation was 23% to 63.0% and higher than in the pre-

sent study. However, positive margin rate in sites similar

to the MUP in patients undergoing R1 operation was

86.2% to 91.7%, similar to the rate in the present study

(90%). In other words, in patients with carcinoma of the

pancreatic head, the possibility that cancer cells remain in

the MUP is high and makes the MUP the most important

site for R0 operations. A similar tendency in the pattern

of postoperative recurrence was indicated in other stud-

ies.

In 2 reports on the subclassification of sites similar to

the MUP5,24, sites similar to Area C or Area D or both

showed a high frequency of a positive margin (57.6%

and 53.1%). This rate of a high cancer-positive margin

was likely caused by insufficient dissection around the

left side of SMA. Consequently, our left posterior ap-

proach for PD can make a decisive difference in the MUP

(+) rate compared with conventional PD5―7,18.

Furthermore, 2 patients in the present study had multi-

ple MUP(+) sites (22.2%), mainly in Area B, at a rate

lower than that described in other reports9,20. This result

was due to the exclusion of patients with borderline re-

sectable pancreatic cancer15 and patients with PLsma in-

vasive pancreatic cancer and the execution of en bloc dis-

section via the left posterior approach for PD36,38.

Conclusion

By subclassifying the MUP with TMDs of different col-

ors, we were able to confirm the regional characteristics

of MUP(+). As a result, circumferential PLsma-preserving

PD was able to be performed in R0 operations in selected

patients while a better postoperative quality of life was

maintained. Furthermore, Area D(+) represents an exten-

sion beyond the limit of the local disease and may indi-

cate the need for early aggressive adjuvant chemother-

apy.
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