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Pancreaticoduodenectomy (PD) is the only curative
treatment for periampullary carcinomas, including the
ampulla of Vater, the distal common bile duct, and
the pancreas. Because positive resection margin and
insufficient lymph node dissection around the superior
mesenteric artery (SMA) result in a dismal outcome,
we devised a new surgical technique called “total
meso-pancreatoduodenum excision (tMPDe)” when
performing a PD. Between June 2009 and July 2011,
24 consecutive patients with periampullary carcinoma
underwent PD with tMPDe and the surgical outcomes
were evaluated. Cancer-free resection was achieved
in all patients, except for one with Rl in the retro-
pancreatic tissue. Lymph node metastasis around the
SMA was found in 5 patients (21%), while no loco-
regional recurrence was recognized during a median
follow-up period of 18.2 months. From the results,
it was found that PD performed with tMPDe is the
most effective surgical-oncological treatment for pa-

tients with periampullary carcinoma.

Key words: Pancreaticoduodenectomy; Pancreas can-
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INTRODUCTION

Periampullary carcinoma (PAC), arising in the

ampulla of Vater, the distal common bile duct, or
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the head of the pancreas, is one of the most dismal
neoplasms among the various gastroenterological
malignancies, and pancreaticoduodenectomy (PD)
offers the only chance of a cure [1, 2]. However,
most patients with PAC show tumor relapses within
5 years after PD [1-3]. Local recurrence is the
most common after surgical resection [1-3]. Also,
it is often identified when a resection margin is in-
volved in cancer cells [4].

The limbus of soft connective tissue between the
superior mesenteric artery (SMA) and the region
from the pancreas head to the uncinate process is
the most frequent site for a positive resection mar-
gin (R1) in PACs following a PD [4-8]. Recently,
Gockel et al. [5] identified this anatomical connec-
tive tissue structure as a “mesopancreas” and em-
phasized that complete resection of the mesopancreas
was an effective therapy to reduce of R1 resection[6,
7]. On the other hand, the incidence of lymph node
metastasis around the SMA is similar to that of the
hepatoduodenal ligament in advanced PACs [9, 10].
Thus, local tumor control around the SMA is advo-
cated as an important factor to improve the survival
rates of the patients with PAC [4-8, 11]. However
an extended lymphadenectomy in PACs shows no
survival benefit [12].

From these results, it is considered that both the
excision of mesopancreas and circumferential lymph-
adenectomy of the root of the SMA are necessary
for local tumor control in performing a PD for
PACs. This article will describe a new surgical tech-
nique called a “total meso-pancreatoduodenum exci-
sion.” It is a safe and drastic operative procedure in
order to reduce RI1 resection and postoperative loco-

regional recurrence.
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MATERIAL AND METHODS

The subjects of this study included 24 consecu-
tive patients who underwent a PD with total meso-
pancreatoduodenum excision for PAC at our institute
between June 2009 and July 2011. Preoperative
examination with three-dimensional CT (3D-CT)
angiography was performed in all patients to gain
an understanding of the branching of the arteries
(i.e., inferior pancreaticoduodenal artery, IPDA; first
jejuna artery, FJA; and replaced right hepatic artery,
rRHA) from the SMA to the head of the pancreas
[13] . Patients diagnosed with direct tumor invasion
to the SMA or extrapancreatic nerve plexus around
the SMA on preoperative CT examination were ex-
cluded from this study.

Demographic data and perioperative outcomes
of patients were evaluated. For accurate histologi-
cal evaluation, surgical margins of the PD specimen
were marked by the operative surgeon. After the
formalin-fixed and paraffin-embedding procedure, the
surgical specimens were assessed by two experienced
pathologists. The margin status was defined as fol-
lows: no cancer cells are identified microscopically
at any of the resection margin of the PD specimen
(RO), microscopic tumor present at the margin (s)
(R1), and gross residual tumor as determined by
the surgeon at the time of surgery (R2). Follow-up
data in each patient were collected retrospectively
from the hospital electronic records. The study was
approved by the institutional review board of the
Shimane University Hospital. At the time of the
start point of this study, the purpose of the pres-
ent study was explained to each patient and their
families and informed consent was obtained with
document. Furthermore, adequate care was taken to
protect the privacy of the individuals participating in
the study. Each patient was informed of the present
study’s intent to not use the clinical data from this
study for any purpose other than for present study.

SURGICAL TECHNIQUE

An upper midline incision under the umbilicus
was made as a standard approach to obtain a good
lateral exposure around the SMA. Abdominal cavity

was explored to exclude liver and peritoneal metas-

tasis. After lifting the transverse colon toward the
cranial side and bringing the upper jejunum to the
lower side, the retroperitoneum was opened on the
left side of the duodenojejunal flexure, and the infe-
rior vena cava, the left renal vein, and the abdomi-
nal aorta were then completely exposed on purpose
to mobilize the pancreatic head and body together
with the SMA from the retroperitoneum.

To approach the SMA, we made an incision
in the jejunal mesentery along the FJA and the
transverse mesentery along the middle colic artery
(MCA). On the ventral side of the SMA, we start-
ed the left-side semicircle lymphadenectomy from
the origin of the MCA up to the origin of the SMA
in a longitudinal direction. In the process of this
procedure, the origin of the common trunk of FJA
and IPDA could be easily identified at the left pos-
terior side of the SMA, and taping of these vessels
were then carried out (Fig. 1A).

When performing a lymphadenectomy around the
SMA, the layer that contains the plexus around the
SMA (nerve plexus of the SMA; PLsma) should
be preserved to prevent postoperative diarrhea [10,
14-16]. During the right-side semicircle lymphad-
enectomy, we secured the SMA outside the PLsma
layer. Soft connective tissue around the SMA con-
taining lymph nodes, the nerve plexus (PL) around
the SMV, and the mesopancreas was dissected up
to the origin of the SMA in a longitudinal direc-
tion, by pulling a tape of the SMA to the left side.
In cases with an rRHA, our technique can secure
this artery at the right side of the SMA without
the need for the Kocher’s maneuver. Moreover, if
tumor involvement to the SMA is confirmed at this
point, the PD procedure can be interrupted. After
completion of circumferential lymphadenectomy, the
IPDA and FJA were doubly ligated and divided.
The mesopancreas and soft connective tissue around
the SMA, including lymph nodes, comprise a part
of the “meso-pancreatoduodenum” because they are
fed by the IPDA and FJA, which form a common
mesentery (Figs. 1B and 1C).

An en block lymphadenectomy in the hepatoduo-
denal ligament and along the common hepatic artery
up to the celiac trunk was performed, and the gas-
troduodenal artery was doubly ligated and divided.
The common hepatic duct was transected following
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Fig. 1.

(A) An intraoperative view of the total meso-pancreatoduodenum excision.
On the left side of the SMA, the layer of PLsma is preserved, and the “meso-pancreatoduonem” is dissected
up to the root of the SMA. The IPDA (arrowhead) branched from the FJA (arrow) at the left posterior
side of the SMA.
(B) A surgical specimen of the total meso-pancreatoduodenum excision with pylorus- preserving pancreaticoduo-
denectomy.
The retropancreatic connective tissue (asterisk), the second, third and fourth portion of the duodenum, and
the proximal jejunum form a common mesentery, i.e., the “meso-pancreatoduodenum”, which is dominated
by the FJA (arrow) and IPDA (arrow head). The pancreatic head (PH) is turned to the upper right side.
(C) Diagram showing “meso-pancreatoduodenum”
A special image that divides pancreas head and body. Meso-pancreatoduodenum is a united mesentery from
duodenum to upper jejunum.
SMA, superior mesenteric artery; PV, portal vein; SMV, superior mesenteric vein; SPV, splenic Vein; MPD,
meso-pancreatoduodenum; tMPDe, total meso-pancreatoduodenum excision.
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cholecystectomy, and the duodenum and the proxi-
mal jejunum were divided with a linear stapler. At
this stage, tunneling of the PV was carried out. The
pancreas was cut above the PV with sufficient dis-
tance from the tumor, and the pancreas head was
detached from the retroperitoneum without manipu-
lation of the pancreas head. In cases with cancer
involvement to the portal venous system, venous
resection followed by an end-to-end anastomosis can
be easily conducted. Reconstruction of the digestive
system was performed using a modified version of

Child’s procedure.

Statistical analysis
Continuous variables were dichotomized at their
median values for the purpose of statistical analy-

sis. Actuarial survival rate were constructed with

Table 1. Demographics and intraoperative characteristics
details of 24 patients with periampullary carcino-
mas undergoing a total meso-pancreatoduodenum
excision with pancreaticoduodenectomy

Kaplan-Meier method. The JMP software program
(ver.9, SAS Institute, Inc., Cary, NC) was used for
all statistical analyses.

RESULTS

The demographic and intraoperative characteristics
of this study are shown in Table 1. Thirteen pancre-
atic head carcinomas, 7 ampullary carcinomas, and 4
extrahepatic bile duct carcinomas were resected. There
were 11 males and 13 females with a median age of
72 years (range: 45-82). According to the American
Joint Committee on Cancer, seventh edition [17],
the tumor stage classification (0/IA/IB/IIA/IIB/III/IV)
of the 24 patients with PAC was 1/8/2/5/7/0/1. Five
patients (21%) required PV resection, and 8 patients

(33%) received blood transfusion.

Table 2. Surgical outcomes of 24 patients with periampullary
carcinomas undergoing a total meso-pancreatoduodenum
excision with pancreaticoduodenectomy

Variables No. of patients
Gender (male/female) 11/13
Age (yr), median (range) 72(45-82)
BTC/PHC 11/13

BMI, median(range)

21.5(15.9-24.9)

Preoperative biliary drainage, (yes/no)

10/14

Diabetes Mellitus, (yes/no) 6/18
TNM stage
O0/TA/IB/MTA/MB/IIIIV 1/8/2/5/7/0/1
Operative procedure
PD/PPPD 6/18
Portal vein resection rate, (yes/no) 5/19

Operative time (min), median (range)

498 (408-646)

Blood loss (ml), median (range)

1050 (280-1800)

Blood transfusion rate (%)

33

BTC, Biliary tract cancer. PHC, pancreatic head carcinoma.

BMI, body mass index; calculated as weight in kilograms

divided by height in meters squared.

PD, pancreaticoduodenectomy. PPPD, pylorus preserving

pancreaticoduodenectomy.

Variables No. of patients
Hospital stay (days), median (range) 31 (12-121)
Length of abdominal drainage (days), median (range) 7 (5-98)
Resumption of oral diet (POD), median (range) 4(2-19)
Mortality, n. (%) 0(0)
Postoperative morbidity, n. (%) 9 (38)
Specific complications, n. (%)

Pancreatic fistula, grade A/B/C 7(29)/2(8)/0(0)

Surgical site infection 4(17)

Gastric stasis, grade A/B/C 0(0)/2(8)/0(0)

Diarrheas 2(8)

Intra-abdominal abscess 1(4)
Recurrence, n. (%) 8(33)

POD, post operative days
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Table 2 shows surgical outcomes. The overall
morbidity and mortality rates were 38% and 0%,
respectively. Postoperative complications were as
follows: pancreatic fistula (PF) [18] in 9 patients
(38%), which were grade A in 7 and B in 2 cases,
surgical site infection in 4 patients (17%), gastric
stasis with grade B [19] in 2 patients (8%), diar-
rhea requiring loperamide hydrochloride in 2 patients
(8%) and intra-abdominal abscess without PF in
one patients (4%). No patients required reoperation.
All postoperative complications were successfully
managed with medications or conservative treat-
ments. The median postoperative hospital stay was
31 days. Patients with pancreatic head carcinoma
were treated with an adjuvant treatment consisting
of gemcitabine-based combination chemoradiotherapy

[20] which was introduced immediately after recov-

ery from surgical damage in the same hospitaliza-
tion, while patients with ampullary or biliary carci-
noma received no adjuvant therapy. Follow-up CT
examinations were carried out every 3 months to
evaluate tumor recurrence after surgery.

The pathological outcomes are shown in Table 3.
Definitive pathological reports showed that the total
number of dissected lymph nodes was 17 (median,
range: 13-32) in the biliary tract carcinomas (BTC),
including ampullary and bile duct carcinomas, and
25 (median, range: 13-40) in the pancreatic head
carcinomas (PHC), while those around the SMA
were 3 (median, range: 0-14) in the BTC and 3
(median, range: 0-9) in the PHC. The incidence of
lymph node recognized around the SMA was 9%
in the BTC and 31% in the PHC. RO was achieved
in all BTC patients. On the other hand, in PHC,

Table 3. Pathological and survival outcomes of 24 patients with periampullary
carcinomas undergoing a total meso-pancreatoduodenum excision with

pancreaticoduodenectomy

Variables No. of patients
BTC (n=11) PHC (n=13)
TNM stage
0/TA/IB/MTA/TIB/TII/TV 1/5/2/2/1/0/0  0/3/0/3/6/0/1
Total number of LNs dissected
Median (range) 17(13-32) 25(13-40)
Number of LNs dissected around the SMA
Median (range) 3(0-14) 3(0-9)
LN metastasis, n (%) 109) 7(54)
LN metastasis around the SMA, n (%) 1(9) 4(31)
RO/R1 resection, n (%) 11/0(100/0) 12/1(92/8)
Recurrence, n (%)
Liver 2(18) 1(8)
Loco-regional 0(0) 0(0)
Peritoneum 0(0) 2(15)
Lymph node 0(0) 1(8)
Others 0(0) 1(8)

BTC, biliary tract carcinoma. PHC, pancreatic head carcinoma.

LN, lymph node. SMA, superior mesenteric artery.

RO, microscopically curative resection margin.

R1, microscopically positive resection margin.
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RO was accomplished in all cases except for one
(8%) with RI resection due to a microscopic posi-
tive margin on the posterior resection limbus [4, 8]
(Figs. 2A, 2B and 2C).

During the median follow-up period of 18.2
months, no loco-regional recurrence was observed.
One patient with ampullary carcinoma died of liver
metastasis. Three patients with pancreatic cancer
died of liver metastasis, lymph node metastasis, and
peritoneal dissemination. The actuarial survival rate
of two year period were 89% and 75% for the BTC
and PHC during the median follow-up period of
22.6 months and 17.3 months, respectively.

DISCUSSION

Our new surgical procedure, “total meso-pancre-
atoduodenum excision,” was developed to achieve
complete clearance of the peripancreatic retroperi-
toneal tissue and circumferential lymphadenectomy
around the SMA, which may promote microscopical-

Fig. 2. Total meso-pancreatoduodenum excision have
achieved en bloc resection of the peripancre-
atic retroperitoneal tissue and complete
clearance around the SMA without micro-
scopic residue of a tumor cell.

(A) Macroscopic findings. The resected pancreatic
head carcinoma specimen showed fibrotic
tumor in the cut surface.

(B) Histological findings. The histological findings
showed no cancer cells are identified at any of
the resection margin (hematoxylin and eosin
stain,x0.5).

(C) Invasive ductal carcinoma showed poorly to
moderately differentiation containing perineu-
ral invasion (hematoxylin and eosin stain,x100).

ly curative resection (RO). In this study, we indeed
achieved RO resection in 23 (96%) of 24 patients
with PAC, and no loco-regional recurrence was rec-
ognized after the surgery, with the median follow-up
period of 18.2 months.

One of the principal factors of local recurrence
in patients undergoing PD for PAC is R1 resection,
and, in most cases, a cancer-positive site is a limbus
of the soft connective tissue between the SMA and
the region from the pancreas head to the uncinate
process, which contains a variety of lymphatic, ner-
vous, and vascular structures [4-8]. Jamieson et al.
[7] demonstrated that the transection margin status
of this soft connective tissue significantly correlates
with the survival rate in pancreatic carcinoma after
PD. Gockel et al. [5] first described the soft con-
nective tissue located from the posterior surface of
the pancreatic head to behind the SMV and SMA
as “mesopancreas” and proposed a concept of “com-
plete resection of the mesopancreas™ in patients with
pancreatic carcinoma to reduce loco-regional recur-
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rence. In addition, Gaedcke ef al. [6] clarified that
the mesopancreas was also the primary site for R1
resection in PACs. We think that most Rlresection
cases around the SMA are origin from ventral pan-
creas in the PHC, whereas our described technique
have achieved en bloc resection of the peripancreatic
retroperitoneal tissue and complete clearance around
the SMA without microscopic residue of a tumor
cell.

Another principal factor of loco-regional recur-
rence is the existence of lymph node metastasis
around the SMA. Previous reports have noted a
high incidence of lymph node metastasis around
the SMA, even in the left side of the SMA, in ad-
vanced PACs [9, 10]. In addition, we also demon-
strated that lymph node metastasis around the SMA
occurred to the high rate in both of PHC and BTC.
Although the previous surgical procedure “meso-
pancreas resection” does not include the concept of
lymph node dissection around the SMA, especially
on the left side [5, 6], our new surgical procedure,
“total meso-pancreatoduodenum excision” include the
concept of circumferential lymphadenectomy of the
SMA without fatal complications.

The anatomy from the behind the mesenterico-
portal confluence to the part around the SMA in-
cluding the mesopancreas is unclear and difficult to
understand [5, 6]. Conducting a detailed investiga-
tion on surgical specimens of PD, we realized that
the retropancreatic connective tissue including the
mesopancreas, which is dominated by the IPDA, and
the mesentery of the proximal jejunum, which is
dominated by the FJA, form a common mesentery;
we thus named these structures “meso-pancreatoduo-
denum”. Namely, the meso-pancreatoduodenum tucks
the SMA from behind, connects with the third and
fourth portions of the duodenum and the proximal
jejunum, and contains retropancreatic connective tis-
sue as well as the mesopancreas. Our concept of
the “meso-pancreatoduodenum” makes it possible
to understand clearly the anatomy from behind the
mesenterico-portal confluence to the part around the
SMA when performing a PD and makes the PD a
safer operation. Indeed, we have reported that total
meso-pancreatoduodenum excision procedure sig-
nificantly reduced the blood transfusion rate than
conventional PD and postoperative complication with

total meso-pancreatoduodenum excision were the
same as that in the conventional PD procedure [14].

Additional advantages of a total meso-pancreato-
duodenum excision with PD are as follows: easy
identification of arterial or PLsma invasion in the
early step of the operation because of the artery-first
approach; preceding handling of arterial branches
from the SMA, i.e., IPDA and FJA, without ma-
nipulation of the pancreas head, which may reduce
the risk of squeezing out the cancer cells; and easy
identification of the origin of the common trunk of
the FJA and IPDA, resulting in a safe operation and
certain lymphadenectomy posterior to the SMA. A
possible disadvantage of this procedure is intraopera-
tive lymphorrea; to prevent, sure ligation of the soft
connective tissue around the SMA is necessary. As
mentioned above, we confirmed the safety of this
procedure. Operative mortality was null, and opera-
tive morbidity was equal to those in previous re-
ports [11, 21].

In conclusion, achievement of RO operation is the
most important factor in successful management of
patients with PAC. There are some limitations in
this study. Since the number of patients is small
in this study, larger prospective study is needed to
investigate whether our procedure contributes the
improvement of the long-term survival rates of the
patients with PAC.

REFERENCES

1) Michelassi F, Erroi F, Dawson PJ, Pietrabissa
A, Handcock M and Block GE (1989) Experience
with 647 consecutive tumors of the duodenum,
ampulla, head of the pancreas, and distal common
bile duct. Ann Surg 210: 544-554

2) Yeo CJ, Sohn TA, Cameron JL, Hruban RH,
Lillemoe KD and Pitt HA (1998) Periampullary
adenocarcinoma: Analysis of S5-year survivors. Ann
Surg 227:821-831.

3) Michalski CW, Weitz J and Biichler MW (2007)
Surgery insight: Surgical management of pancre-
atic cancer. Nat Clin Pract Oncol 4: 526-535.

4 ) Esposito I, Kleeff J, Bergmann F, Reiser C,
Herpel E, Friess H, Schiemacher P and Biichler
MW (2008) Most pancreatic cancer resections are
R1 resections. Ann Surg Oncol 15: 1651-1660.



76

5

6

7

8

9

Kawabata et al.

) Gockel 1, Domeyer M, Wolloscheck T, Konerd-
ing MA and Junginger T (2007) Resection of the
mesopancreas (RMP): A new surgical classifica-
tion of a known anatomical space. World J Surg
Oncol 5: 44.

) Gaedcke J, Gunawan B, Grade M, Szoke R,
Liersch T, Becker H and Ghadimi BM (2010)
The mesopancreas is the primary site for R1 re-
section in pancreatic head cancer: Relevance for
clinical trials. Langenbacks Arch Surg 395: 451-
458.

) Jamieson NB, Foulis AK, Oien KA, Going JJ,
Glen P, Dickson EJ, Imrie CW, McKay CJ and
Carter R (2010) Positive mobilization margins
alone do not influence survival following pancre-
atico-duodenectomy for pancreatic ductal adeno-
carcinoma. Ann Surg 251: 1003-1010.

) Menon KV, Gomez D, Smith AM, Anthoney A
and Verbeke CS (2009) Impact of margin status
on survival following pancreatoduodenectomy for
cancer: the Leeds Pathological Protocol (LEEPP).
HBP 11: 18-24.

) Noto M, Miwa K, Kitagawa H, Kayahara M,
Takamura H, Shimizu K and Ohta T (2005)
Pancreas head carcinoma: Frequency of invasion
to soft tissue adherent to the superior mesenteric
artery. Am J Surg Pathol 29: 1056-1061.

10) Kayahara M, Nagakawa, Ueno K, Ohta T,

11

Tsukioka Y and Miyazaki 1 (1995) Surgical
strategy for carcinoma of the pancreas head area
based on clinocopathologic analysis of nodal in-
volvement and plexus invasion. Surgery 117: 616-
623.

) Popescu I and Dumitrascu T (2011) Total
meso-pancreas excision: Key point of resection in
pancreatic head adenocarcinoma. Hepatogastroen-
terology 58: 202-207.

12) Yeo CJ, Cameron JL, Lillemoe K, Sohn TA,

Campbell KA, Sauter PK, Coleman J, Abrams RA
and Hruban RH (2002) Pancreaticoduodenectomy
with or without distal gastrectomy and extended
retroperitoneal lymphadectomy for periampullary
adenocarcinoma, part2. Randomized control trial
evaluating survival, morbidity and mortality. Ann

Surg 236: 355-368.

13) Horiguchi A, Ishihara S, Ito M, Asano Y,
Yamamoto T and Miyakawa S (2010) Three-
dimensional models of arteries constructed using
multidetector-row CT images to perform pancre-
atoduodenectomy safely following dissection of
the inferior pancreaticoduodenal artery. J Hepato-
biliary Pancreat Sci 17: 523-526.

14) Kawabata Y, Tanaka T, Nishi T, Monma H
and Tajima Y (2012) Appraisal of a total meso-
pancreatoduodenum excision with pancreaticoduo-
denectomy for pancreatic head carcinoma. Eur J
Surg Oncol 38: 574-579.

15) Japan Pancreas Society (2003) Classification of
Pancreatic Carcinoma. 2 nd English edition. To-
kyo, Kanehara.

16) Japanese Society of Biliary Surgery (2004)
Classification of Biliary Tract Carcinoma. 2nd
English edition. Tokyo, Kanehara.

17) AJCC Cancer Staging Manual. 7th ed. Chicago,
IL: American Joint Committee on Cancer; 2010.
18) Bassi C, Dervenis C, Butturini G, Fingerhut A,
Yeo C, Izbicki J, Neoptolemos J, Sarr M, Traverso
W and Buchler M (2005) Postoperative pancre-
atic fistula: An international study group (ISGPF)

definition. Surgery 138: 8-13.

19) Wente MN, Bassi C, Dervenis C, Fingerhut A,
Gouma DJ, Izbicki JR, Neoptolemos JP, Padbury
RT, Sarr MG, Traverso LW, Yeo CJ and Biichler
MW (2007) Delayed gastric emptying (DGE)
after pancreatic surgery: A suggested definition by
International Study Group of Pancreatic Surgery
(ISGPS). Surgery 142: 761-768.

20) Blackstock AW, Mornex F, Partensky C, Des-
cos L, Case LD, Melin SA, Levine EA, Mishra G,
Limentani SA, Kachnic LA and Tepper JE (2006)
Adjuvant gemcitabine and concurrent radiation for
patients with resected pancreatic cancer. A phase
II study. Br J Cancer 95: 260-265.

21) Wagner M, Redaelli C, Lietz M, Seiler CA,
Friess H and Biichler MW (2004) Curative resec-
tion is the single most important factor determin-
ing outcome in patients with pancreatic adenocar-
cinoma. Br J Surg 91: 586-594.



