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ORIGINAL ARTICLE

L eft Posterior Approach to the Superior M esenteric Vascular Pedicle
in Pancreaticoduodenectomy for Cancer of the Pancreatic Head

I sao Kurosaki, Masahiro Minagawa, Kabuto Takano,
Kazuyasu Takizawa, Katsuyoshi Hatakeyama

Division of Digestive and General Surgery,
Niigata University Graduate School of Medical anehiial Sciences. Niigata, Japan

ABSTRACT
Context Dissection of the superior mesenteric artery ésrttost important part of a pancreaticoduodenectomgancreatic cancer.
Since 2005, we have used the left posterior apprdaic superior mesenteric vascular pedicle dissectin which the superior
mesenteric artery and the superior mesenteric amndissected first in a clockwise fashi@bjective This article presents the
technique of a left posterior approach and thaeadiroutcomePatients Forty patients underwent a left posterior apprcauth were
compared to 35 patients treated with a conventidiggdection.Main outcome measures The differences in surgical technique
between the left posterior approach and the coioealt method were described, and the short- and-term surgical results
compared patients who underwent the left postaypmroach to those who were treated with the coieaitmethodInter vention
The superior mesenteric vascular pedicle was flistected from the left lateral border of the siggemesenteric artery. The
superior mesenteric vein was also dissected franeti side. Then, the uncinate process and petiNaissoft tissue were separated
en bloc from the vasculaturBesults No life-threatening complications occurred aftee pancreaticoduodenectomies using a left
posterior approach. Diarrhea requiring the admiaistn of antidiarrheal agents occurred in 65% afignts; however, planned
adjuvant chemotherapy was completed in all patiehts did not have an early tumor recurrence. Safviate was 52.8% at 3 years
after surgeryConclusion After a pancreaticoduodenectomy with a left pasteapproach, most patients had various degrees of
diarrhea, but the adjuvant chemotherapy was ableetaontinued with close monitoring. The left pasteapproach facilitates
understanding of the topographic anatomy in thesapmesenteric vascular pedicle.

INTRODUCTION

Dissection of the superior mesenteric artery i thte
most important part of a pancreaticoduodenectomy fo
pancreatic cancer. In many institutions, the apghda

the superior mesenteric artery is similar, andegigsn

is performed in the last phase of resection [13]2,
Recently, Pessauet al. [4] reported a unique method
in which the superior mesenteric artery was diggbct
first. In their method, the margin status of th@esior
mesenteric artery and the replaced hepatic artery
branching from the superior mesenteric artery can b
confirmed before resection. The technique required
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extensive mobilization of the pancreaticoduodenal
portion, but there was no description regarding the
exposure and dissection of the distal superior
mesenteric artery in their report [4].

Liver metastasis is a major concern in the postipar
follow-up of pancreatic cancer patients [5]; howeve
an autoptic study has shown that local recurresce i
frequently found in patients who died from metdstat
disease [6]. Aggressive surgery may not necessarily
improve results; however, local tumor control igl st
important [7, 8, 9].

Since 2005, we have used the left posterior approac
for dissection of the superior mesenteric vascular
pedicle, in which the superior mesenteric arteny de
superior mesenteric vein are dissected first in a
clockwise fashion. The superior mesenteric artery i
located along the left border of the superior mesan
pedicle, and the upper jejunal artery or inferior
pancreaticoduodenal artery branches off from the
sinistral or dorsal aspect of the superior meseanter
artery. The first jejunal vein running behind the
superior mesenteric artery is the landmark for the
dissection [3]. By first approaching the superior
mesenteric artery from the left side, en bloc dissa

in the superior mesenteric pedicle and an undedstgn
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of the topographic anatomy for the procedure are
facilitated. In cancer surgery, it is a well knowhat
tumors should be resected from as peripheral aasite
possible. Furthermore, the surgical margin staiuhé
superior mesenteric artery can be predicted befure
pancreaticoduodenectomy. When dissecting the
mesenteric pedicle, the surgeon must achieve
appropriate cancer clearance and, at the same time,
guarantee the safety of the procedure. This article
presents our technique of superior mesenteric yarter
dissection and outlines its clinical outcome.

MATERIAL AND METHODS

From April 2005 to December 2009, the left posterio
approach method was used in 40 patients who
underwent a pancreaticoduodenectomy for cancer of
the pancreatic head (26 men and 14 women, with a
mean age of 64.0+9.1). In this period, two other
patients who underwent a pancreaticoduodenectomy
using the conventional approach were excluded from
the analysis. One of these two patients died from
cancer recurrence 15 months after surgery, and the
other survived for more than 5 years. In contrast,
patients underwent a pancreaticoduodenectomy using
the conventional approach to the superior mesenteri
artery during the 5 year period from January 2091 t
May 2005 (20 men and 15 women; mean age: 65.2+8.5
years; P=0.635, and P=0.559s. left posterior
approach, respectively). Perioperative and sundedh

in the left posterior approach group were compaoced
those in the historical control group. The firsthaor
conducted and performed all operations for a tofal

75 patients as the first operator (n=40) or assthaor
surgeon (n=35).

Preoperative jaundice was the first manifestation i
70.0% (n=28) of the 40 patients who underwent ¢fie |
posterior approach. Diabetes mellitus was found in
patients (20.0%). No patient received preoperative
anticancer chemotherapy or radiotherapy. A pylorus-
preserving procedure was performed in 25 patients
(62.5%) of the left posterior approach group an@4n

of the control group (68.6%; P=0.633). Superior
mesenteric-portal vein resection (16/40, 40.0%
13/35, 37.1%; left posterior approach grogpcontrol
group, respectively; P=0.817) or retroperitoneahp
node dissection (28/40, 70.0%6. 26/35, 74.3%; left
posterior approach groupvs. control group,
respectively; P=0.798) were performed producing
similar percentages in both groups.

The following pathological findings were determined
by routine microscopic examination:  tumor
differentiation,  microvessel invasion, vascular
involvement, extent of the tumor and surgical margi
status. Lymph node status was classified into three
groups: no node metastasis, regional node metsstasi
and retroperitoneal node metastasis. The regional
lymph node was defined based on the Union for
International Cancer Control (UICC) TNM
classification, but lymph nodes along the distal
superior mesenteric artery at the level of origirthe
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first or second jejunal arteries were included he t
regional node group in this study. In addition, c@m
invasion of the extrapancreatic nerve plexus (@exu
invasion) was included in the R1 category.

Dissection Technique for the Superior Mesenteric
Vascular Pedicle

After laparotomy, the left duodenomesocolic fold is
incised, and the retroperitoneum is opened
longitudinally. With the transverse colon liftedward,

the pancreatic head and the duodenum are freed from
the anterior surface of the inferior vena cava. ek
nerve bundle running down to the right celiac gemygl

is found to the right of the superior mesenteriergr
The origin of the superior mesenteric artery codere
with loose connective tissue is palpated cephalatie

left renal vein to confirm the end point of thesgistion
beforehand. After these preparations, the upper
jejunum is pulled to the left, and the first andaed
jejunal arteries are divided at their origin (Figsirla
and 2a). The upper jejunal arteries or the inferior
pancreaticoduodenal artery usually arise from #fe |
dorsal aspect of the superior mesenteric arterg Th
ligament of Treitz is divided. As the upper jejunisn
pulled further to the left, the superior mesentariery

is rotated in a counterclockwise direction. In thiay,

the posterior and right aspects of the superior
mesenteric artery are skeletonized. The first @jun
vein is then uncovered (Figures 1b and 2b). As the
inferior part of the pancreatic head and the tpindtion

of the duodenum are moved to the left, the superior
mesenteric vein appears behind the superior megente
artery. After the division of the first jejunal veithe
superior mesenteric vein can be skeletonized ugsto
confluence with the splenic vein. Thus, the una&nat
process of the pancreatic head is separated frem th
superior mesenteric vascular pedicle (Figure 2&grA
transposing the upper jejunum to the right of the
mesenteric pedicle, the loose connective tissue
remaining anterior to the superior mesenteric arier
dissected. With this first stage of the procedubhe
loose connective tissue around the superior mesente

fmv
Peancreas head

17 ja

20 iy

2/ b/

Figure 1. Technical illustration of the coronal plane.
imv: inferior mesenteric vein; ja: jejunal artejy; jejunal vein; smg¢
superior mesenteric artery; smv: superior mesenteiin
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Figure 2. Technical illustration of the transverse plane.

ipd: inferior pancreaticoduodenal artery; ja: jglartery; jv: jejune
vein; mca: middle colic artergma: superior mesenteric artery; s
superior mesenteric vein

vascular pedicle is dissected en bloc. Transectiadhe
stomach or duodenum, division of the gastroduodenal
artery, and transection of the pancreas are theieda
out. The portal vein is skeletonized, and the piexu
running along the left celiac ganglion is then diged.

In the second stage, the pancreatic head is coshplet
isolated from the superior mesenteric artery arel th
celiac axis. Venous reconstruction is conductethiat
time, if necessary. In the third stage, the hepatiery
and the portal vein in the hepatoduodenal liganaeat
skeletonized and dissected. Resection of
gallbladder and bile duct is performed as a fitephs

In the conventional approach in the control group,
dissection of the superior mesenteric artery was
performed at the final stage of resection. The aeur
plexus and the lymph nodes were dissected at g ri
border of the superior mesenteric artery. The ¢issu
located at the left posterior aspect of the superio
mesenteric artery and around the origin of the uppe
jejunal arteries was not dissected.

The topographic configuration of the jejunal aseror
the nerve plexus in the resected loose connedtisae
when using the left posterior approach is presemed

the
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Figure 3 as a case presentation. The mode of tumor
infiltration is also traced on its serial step-vdse
sectioning specimen, in which the widespread
microscopic tumor extension is observed (Figure 3).

Postoper ative Adjuvant Chemother apy

Postoperative adjuvant chemotherapy was given more
frequently in the left posterior approach group 36s=
90.0%) than in the control group (n=24, 68.6%;
P=0.040). The type of postoperative chemotheraps wa
divided into two groups as follows: i) gemcitabine-
based systemic treatment and ii) combination viitr |
perfusion chemotherapy using 5-F0 or followed by
systemic administration of gemcitabine (liver psi€un
chemotherapy plus gemcitabine) [10]. In the left
posterior approach group, gemcitabine-based therapy
was carried out in 19 patients (52.8%) and liver
perfusion chemotherapy plus gemcitabine was carried
out in 17 patients (47.2%). In the control group,
gemcitabine-based therapy was carried out in 18
patients (75.0%) and liver perfusion chemotherdpg p
gemcitabine (n=2) or plus 5-Fpo (n=4) was carried
out in total 6 patients (25.0%). Therefore, 56 qras
only were treated with gemcitabine out of the 60
patients who had chemotherapy, while a total of 19
patients had no gemcitabine (15 patients had no
chemotherapy and 4 patients had liver perfusion
chemotherapy plus 5-FU). The type of chemotherapy
(gemcitabine-based systemic treatmasmtsus liver
perfusion chemotherapy) was not significantly difet
between the two groups of patients (P=0.108). The
proposed period of treatment with gemcitabine was 6
months or 12 sessions.

STATISTICS

Data are reported as frequencies and means+SD. The
Student’s t test, the Pearson’s chi-square testthad
Fisher's exact test were used for the analysis.réive
survival curves were generated by the Kaplan-Meier
method and compared using the log-rank test. The

Figure 3. Case presentation: a fresh surgical specimensfléd) an
formalin-fixed connective tissue surrounding thesenteric pedic
(right side). A focus of plexus invasion (open kdjds located in tr
vicinity of the first jejunal artery. Metéases to tiny lymph nod
(closed circles) were observed. Loose connectdgeié in this figu
corresponds to the illustrated tissue in Figuréa2mw).
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Table 1. Comparison of the left posterior approach ancctivgrol group regarding postoperative complications

Analyzed factors L eft posterior approach Control group Pvalue
(n=40) (n=35)

Pancreatic fistula (grade B or C) 4 (10.0%) 3 (8.6%) 1.000
Intra-abdominal infection 9 (22.5%) 12 (34.3%) 0.308
Intra-abdominal hemorrhage? 1 (2.5%) 2 (5.7%) 0.596
Delayed gastric emptying (grade B or C) 7 (17.5%) 16 (45.7%) 0.012
Chylous ascites 2 (5.0%) - 0.495
Portal vein thrombosis® 1 (2.5%) - 1.000
Stomal ulcer around the duodenoj ejunostomy 1 (2.5%) 1 (2.9%) 1.000
Re-operation - 3 (8.6%) 0.097
Operative death or in-hospital death - - -
Diarrhea (required medication) 26 (65.0%) 17 (48.6%) 0.168

Fisher’s exact test
@ Required blood transfusion

® Due to a plastic tube placed in the portal vemlifer perfusion chemotherapy

median survival rates were reported together with t
95% confidence intervals (95% ClIs). Univariate and
stepwise multivariate Cox proportional hazards nede
were applied to identify the significance of thegscal
technique on overall survival and hazard ratiog th
95% Cls were also computed. Two-tailed P values les
than 0.05 were considered significant. The SPS8J16.
for Windows was used to carry out the statistical
analysis.

RESULTS
Perioper ative Demogr aphic Data

Mean operative time and blood loss were 516+95 min
and 1,307+823 mL in the left posterior approactugro

and 526+95 min and 1,352+823 mL in the control
group, respectively. The differences were not
significant (P=0.651 and P=0.814 for operative time

and blood loss, respectively).

There was no perioperative or in-hospital mortaiity
either group. The postoperative complications are
shown in Table 1. Intra-abdominal hemorrhage
occurred in one left posterior approach patient end
two patients in the control group. Heparinizatianr f
liver perfusion chemotherapy induced minor
hemorrhage at the site of the surgery in one piaten
each group. The remaining control patient requied
laparotomy for hemostasis. The incidence of panicrea
fistulae or intraperitoneal infections did not
significantly differ between the two groups. Grdgler

C delayed gastric emptying decreased to 17.5% (7
patients) in the left posterior approach group as
compared to 45.7% (16 patients) in the control grou
(P=0.012). Chylous ascites in case without infectio
were observed in two patients who underwent thie lef
posterior approach procedure but were not observed

Table 2. Demographic data of 16 recurrence-free patients ighuired readmission.

Case Age/sex Antidiarrheal Gemcitabine Reason for readmission Prognosis

agent treatment
L eft posterior approach group
#1 62/male No No Alcoholism with nutritional and electrolytésdrder Alive (14 months)
#2 55/male Yes Yes Side effect of adjuvant chemotherapy A(RE months)
#3  T77/female No Yes Side effect of adjuvant chemotherapy Diediséase (8 months)
#4 62/male Yes Yes Side effect of adjuvant chemotherapy andurrétion Alive (22 months)
#5  72/female Yes Yes Side effect of adjuvant chemotherapy A(B2 months)
#6 58/male Yes Yes Side effect of adjuvant chemotherapy andurrétion Alive (33 months)
#7  60/female Yes Yes Side effect of adjuvant chemotherapy andurrition Alive (34 months)
#3 52/male Yes Yes Alcohol abuse and malnutrition Died of ds®=(44 months)
#9 80/male No Yes Side effect of adjuvant chemotherapy andfaimeck fracture Alive (52 months)
#10 66/male No Yes Spinal canal stenosis and pressure corg pals Died of disease (18 months)
Control group
#11 77/female No Yes Femoral neck fracture and pneumonia Dieghother disease (19 months)
#12  65/male No Yes Malnutrition Died of disease (28 months)
#13 69/female Yes Yes Myocardial infarction Died of disease (50ntihs)
#14  73/male Yes Yes Malnutrition Died of disease (9 months)
#15 65/male No No Alcoholism Died of disease (46 months)
#16 60/female Yes Yes Side effect of adjuvant chemotherapy Diadisease (18 months)
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Table 3. Comparison of pathological features of tumorshim left posterior approach group and the contralgr

L eft posterior approach Control Pvalue
(n=40) (n=35)

Tumor sizelessthan 3cm 12 (30.0%) 12 (34.3%) 0.805
Well-differentiated tumor 13 (32.5%) 13 (37.1%) 0.809
Microlymphatic invasion 27 (67.5%) 30 (85.7%) 0.163
Microvenousinvasion 19 (47.5%) 16 (45.7%) 1.000
Perineural invasion 34 (85.0%) 33 (94.3%) 0.271
Invasion to anterior surface membrane 21 (52.5%) 12 (34.3%) 0.162
Invasion to retropancreatic tissue 33 (82.5%) 28 (80.0%) 1.000
Invasion to the bile duct 28 (70.0%) 28 (80.0%) 0.427
Invasion to the duodenum 23 (57.5%) 19 (54.3%) 0.819
Portal vein invasion 9 (22.5%) 7 (20.0%) 1.060
Extrapancreatic plexusinvasion 11 (27.5%) 7 (20.0%) 0.589
Lymph node status: 0.747°
- No metastasis 11 (27.5%) 11 (31.4%)
- Regional node 22 (55.0%) 20 (57.1%)
- Retroperitoneal node 7 (17.5%) 4 (11.4%)
Positive surgical margin 11 (27.5%) 10 (28.6%) 1.000

2 Fisher’s exact test
® Pearson chi-square

the control group. Reoperation was performed ieehr
patients in the control group due to anastomotic
leakage after a partial resection of the colon jn=1
intra-abdominal hemorrhage (n=1) and wound
dehiscence (n=1). The overall morbidity, excluding
grade B or C delayed gastric emptying, was leghén
left posterior approach group (30.0%, n=12) as
compared to the control group (42.9%, n=15), betah
was no significant difference (P=0.335). The length
the hospital stay after surgery was 45.4+24.0 days
the left posterior approach group and 49.8+15.G diay
the control group, with no significant difference
(P=0.352).

The degree of diarrhea after hospital discharge was
evaluated by the necessity of antidiarrheal agdrits.
administration of antidiarrheal agents, such as
loperamide hydrochloride or narcotic agents, was
required in 26 patients (65.0%) in the left posteri
approach group as compared to 17 patients (48.6%) i
the control group (not significantly different: P.268).
During the observation period, a total of 16 reence-
free patients (10 in the left posterior approacbugr
and 6 in the control group) were rehospitalized (26

vs. 17.1%, respectively; P=0.573) (Table 2). Three of
the 10 patients in the left posterior approach grou
(patients #1, #6, and #8) required intensive natrél
support due to their poor nutritional condition.eTh
remaining 7 patients required readmission mainly fo
treatment of the adverse effects of the chemotlyerap
Nutritional status improved after cessation or
completion of chemotherapy. All of the patients who
did not have early tumor recurrence within 6 months
after surgery tolerated the proposed adjuvant
chemotherapy.

Pathology
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There was no significant difference between the two
groups with regard to tumor pathology (Table 3). R1
surgery accounted for 27.5% of the left posterior
approach group (n=11) and 28.6% of the control grou
(n=10) (P=1.000). In two R1 cases in the left paste
approach group, the surgical margin was judged as
positive because of lymphatic invasion into the
retroperitoneal tissue. In the other 19 patientg t
exfoliated surface margin for the superior vascular
pedicle was tumor-positive.

Survival Analyses

In overall survival (Figure 4a), a 3-year survivale of
52.8% in the left posterior approach group was more
favorable than that (17.1%) in the control group
(P=0.016). For a total of 75 patients in both gupe
median survival time was 28.3 months (95% CI: 21.4
to 35.1 months) for the 56 patients who were tgate
with gemcitabine and 16.8 months (95% CI: 14.1 to
19.5 months) for the 19 patients without gemcitabin
treatment. The difference in median survival timasw
statistically significant (P=0.041). When analysias
restricted to patients who received all types of
postoperative adjuvant chemotherapy, postoperative
survival improved in the left posterior approaclwgy

as compared to the control group (P=0.038, Figbje 4
Cox proportional hazards models were applied to
identify the significance of the surgical technigoe
overall survival. Surgical factors with a signifita
difference, calculated by univariate analysis for
dichotomized variables, were surgical techniqudt (le
posterior approach or control; P=0.016), postoperat
adjuvant chemotherapy (treatment or no treatment;
P=0.041), residual tumor (RO or R1; P=0.002), local
tumor extent (T2+T3 or T4 in UICC TNM; P=0.011),
lymph node metastasis (negative or positive; P=),03
and retroperitoneal lymph node metastasis (negative
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Figure 4. Overall survival curves (Kaplaiteier) for all patients ar

for patients undergoing adjuvant chemotherapy alicgr to
dissection methodh. In survival analyses for all patients, 1- and 3-
year survival rates were 84.2% (n=29) and 52.8%4.Qpin the lefi
posterior approach (LPA) group and 82.9% (n=29) &nd % (n=6

in the control group respectively. The difference was signific
(P=0.016). b. Even in the subgroup of patients undergoing
postoperative chemotherapy, postoperative sunimaptovedin the
left posterior approach group (1- and/&ar survival rates: 85.Z
(n=26) and 57.5% (n=9), respectively) as compacethé control
group (1- and 3rear survival rates: 85.0% (n=20) and 20.0% (r
respectively; P=0.038). The log-rank test was a&ppli

positive; P=0.023). Of these factors, R1 factor {HR
2.60; 95% CI: 1.39 to 4.95; P=0.004) and positive
retroperitoneal node metastasis (HR: 2.75; 95% CI:
1.31 to 5.76; P=0.007) were found to be the only tw
negative predictors of survival at stepwise mutisie
analysis. The left posterior approach was leftluht
final step of the calculation, but was not ideetifias a
prognostic predictor with a statistical difference
(P=0.099).

Furthermore, in the patient subgroup having pasitiv
regional lymph node metastasis, the survival period
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Figure 5. Overall survival curves according to dissection hodtir
the positive regional node subgroup. The left past@pproach had
a better survival rate as compared to the controlg(P=0.004)
The 1- and 3-year survival rates were 90.2¢%16) and 53.2% (n=
in the left posterior approach (LPA) group and 80.(h=16) an
16.0% (n=2) in the control group, respectively. Togerank test we
applied.

was significantly longer in the left posterior apach
group than in the control group (P=0.004, Figure 5)
However, the dissection technique, either the left
posterior approach or the conventional method, iad
significant impact on survival in the node-negative
subgroup or in the retroperitoneal node-positive
subgroup. The subgroup analyses for plexus invasion
are shown in Figure 6. In the plexus-negative
subgroup, the left posterior approach had a gogeas-
survival rate (64.2%) as compared to the controls
(21.4%, P=0.004). However, there was no significant
difference in the plexus-positive subgroup, altHoug

LPA group (n=29)

Frmrmrmn CON IOl group (n=28)

i
EI— -

0 1 2 3 4 5 6 7
LPA group | 23 15 9 3 2
Control 23 9 6 3 1

The number of patients

Figure 6. Overall survival curves according to dissection hoetir
the negative plexus imasion subgroup. The survival rate °
significantly improved (P=0.004) in the left posterapproach group
(LPA) (1- and 3year survival rates: 92.8% (n=23) and 64.2% (r
respectively) as compared to the control group ghd 3yeal
survival rates: 82.1% (n=23) and 21.4% (n=6), respely). The
log-rank test was applied.

years
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one patient in the left posterior approach group ha
survived for more than 5 years after surgery. With
regard to the pattern of recurrence, the overalhllo
recurrence rate was 37.1% (13/35) in the contralgy
but only 10.0% (4/40) in the left posterior appioac
group (P=0.006).

DISCUSSION

In pancreatic cancer, resection is the only medns o
achieving long-term survival, but extensive lymph
node dissection tends to be avoided because of
impaired activities of daily living or of its small
survival benefit [11, 12]. In contrast, the statfsthe
surgical margin is still an important prognostictta,

and local control of the primary tumor is an inhere
goal of surgery [7, 8, 9, 13]. In a pancreatico-
duodenectomy, dissection of the superior mesenteric
vascular pedicle is the most significant part oé th
procedure for good local control. The most subghnt
surgical margin is formed from the superior mesente
artery dissection, and its status is strongly rficed

not only by the size or location of the tumor bisbaby

the extent of the dissection [14]. Cancer of the
pancreatic head invades the vicinity of the superio
mesenteric artery from an early stage [15], and
frequently spreads along the inferior pancreatico-
duodenal artery [16]. This mode of spread, in whih
tumor infiltrates the soft tissue or nerve bundéhibd

the superior mesenteric vein and superior mesenteri
artery, is an important histological feature tha¢ w
should understand when performing a pancreatico-
duodenectomy with curative intent. In resectable
tumors of the pancreatic head, the curative eftdct
pancreaticoduodenectomy seems to be strongly
affected by the surgical margin status of the soper
mesenteric vascular pedicle. With tumor tissue gires
less than 1 mm from the microscopic surgical margin
Khalifa et al. [14] and Esposita@t al. [13] defined a
distance of less than 1 mm as margin-positive witho
apparent tumor exposure. Formalin fixation and
sectioning of the specimen cause deformation of its
shape. Not all aspects of the surgical margin can b
diagnosed microscopically. Pathological examinaison
the gold standard in tumor staging, but it has some
limitations, including inter-observer variabilitynd
sampling error [17]. It is understandable that agima

of 1 mm enhances the probability of pathological
diagnosis for this loose connective tissue. In ghigly,
tumor invasion to the extrapancreatic nerve plerus
the mesenteric pedicle was categorized as margin-
positive [18]. We think that perivascular cancer
invasion around the superior mesenteric arterylirago
several patterns of tumor spread; perineural ivasi
lymphatic permeation, infiltration into connective
tissue and direct invasion of the primary tumor. In
perineural invasion, tumor cells are continuously
extending along the perineural space from the pyma
tumor, but a considerable number of serial seatipni
specimens are needed for proof. Figure 3 showed a
single point of perineural invasion apart from the
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primary tumor, with two small metastatic nodes. We
could not definitely determine the route of the
continuous neural extension of the tumor by
microscopic examination using multiple stepwise
specimens. In this study, “positive plexus invasion
was categorized as a “positive surgical margin”.
Furthermore, the neural plexus and connective dissu
surrounding the superior mesenteric artery was more
widely dissected in the left posterior approach as
compared to the control group, and the detailed
microscopic examination which focused on plexus
invasion was carried out in the left posterior aagh
group. For these reasons, it is suggested that the
frequency of R1 did not differ between the two greu
Multiple sampling of the nerve plexus during sugger
made the true plane of dissection obscure.
Extrapancreatic plexus invasion should be consitere
as a prognostic factor in the same way as lymphenod
metastasis.

In the commonly used technique for superior
mesenteric artery dissection, the tissue to besdiied

is pulled to the right, together with the uppeujajm,

and the soft tissue to the right of the superior
mesenteric artery is resected. The first jejunah Ve
approached through a window between the superior
mesenteric artery and the superior mesenteric ¥an.
this reason, the soft tissue must be divided once
longitudinally at the right side of the superior
mesenteric artery. In the “dissecting the superior
mesenteric artery first” technique reported by Bess

et al., the superior mesenteric artery itself is also
approached from the right after extensive kochédna
[4]. The first jejunal vein running behind the dist
superior mesenteric artery is the landmark in diése

[3], but a description of the vein was not presérite
their report [4]. In a recent case-match study,
Dumitrascu et al. reported that a pancreatico-
duodenectomy using the same technique as that
described by Pessaak al. [4] reduced both operative
blood loss and time [19]. But our study failed tow

the advantage of the left posterior approach regard
operative variables. Intraoperative hepatic artexiad
portal cannulation for postoperative liver perfusio
chemotherapy is thought to influence blood loss and
operative time. Intraoperative cannulation was
performed in 47% of the left posterior approachugro
as compared to 17% of the control group. Furtheemor
our study included only pancreatic cancer but,ha t
study reported by Dumitrasogt al. [19], half of the
patients (10 of 21 patients) had non-pancreaticotam

In a pancreaticoduodenectomy for pancreatic cancer,
inflammation due to obstructive pancreatitis seems
make superior mesenteric artery dissection difficdh

the other hand, Dumitrascet al. stressed that their
dissection method provided an early verdict on lloca
resectability for superior mesenteric artery invasof

the tumor [19]. However, not only extensive
kocherization but also full mobilization of the hig
sided colon was required in their method [4, 19 W
feel that the approach to the first jejunal veirt@ithe
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origin of the first jejunal artery is slightly diffult by
their method [4, 19]. In our method, the upper ieju
arteries are first divided at the left border of th
superior mesenteric artery. The first jejunal vésn
easily identified under the proximal cut stump bét
jejunal arteries (Figures 1 and 2). Early detectidn
superior mesenteric artery or superior mesentegia v
involvement of the tumor and optimal exposure @& th
replaced or aberrant hepatic artery are well-known
advantages common to the “superior mesentericyarter
first” approach [4, 19, 20]. In addition, our teaure
facilitates better understanding of the surgical
topographic anatomy for the mesenteric vascular
pedicle, including the distal superior mesenterterg

and the superior mesenteric vein. Furthermore|efte
posterior approach seems to provide novel technical
advantages in terms of performing dissection of
superior mesenteric pedicle without mobilizatiorthueé
duodenum or colon.

In the left posterior approach, the superior mesyémt
artery is dissected more than hemi-circumferentiall
for a length of approximately 6-8 cm from the onmigi
When the primary tumor extends into the uncinate
process, we perform a nearly circumferential
dissection. Therefore, approximately 80% of patient
required administration of an antidiarrheal agdmit

the diarrhea itself was controllable in most cased

did not markedly affect patients’ daily activitieBhe
daily activities of patients were impaired by the
adverse effects of the adjuvant chemotherapy in
addition to the unstable bowel condition. Without
tumor recurrence, the patients’ condition improved
with cessation or completion of the adjuvant
chemotherapy. Traverso stresses that margin-negativ
but less invasive surgery is essential for timehd a
appropriate adjuvant therapy rather than radical
dissection [21]. Indeed, the preservation of thevee
plexus decreases the incidence of intractable arr
[22]. In fact, 90% of the patients in the left pax#dr
approach group were able to receive gemcitabine
treatment even after aggressive plexus dissection.
Chylous ascites were observed in two patients who
underwent the left posterior approach proceduré, bu
the intractable lymphorrhea after surgery seemed to
decrease with polite ligation and division of the
connective tissue containing lymphatic vessels raadou
the mesentery. In this study, the occurrence oflgra
B/C delayed gastric emptying decreased more in the
left posterior approach group than in the controlug.

A fixed surgical procedure might suppress
inflammation of the surgical site and accelerate th
recovery of gastric motility. However, we think thhe
difference in occurrence could be attributed matoly
the difference in postoperative management. Close
observation and careful management after surgexy ar
needed, but it seems that aggressive dissectic e
always interfere with completing the adjuvant tipgra

In several published studies of randomized cordboll
trials, the 1-year survival rate was 50-60% regzssl|

of the extent of the lymph node dissection [12, 23,
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Farnellet al. [11] and Yecet al. [24] reported 71-82%
and 75% 1-year survival rates, respectively, but in
hospital mortalities were excluded from the surliva
analyses. In our study, the 1-year survival rates wa
83% and the 2-year survival rate was 63% in the lef
posterior approach dissection group. In generdl,dfia
the patients who underwent pancreatic resection had
tumor recurrence by 2 years after surgery. Thetshor
term results after surgery seem to be strongly
influenced by both tumor stage and surgical cuitgbil
Adjuvant chemotherapy appears to be beneficial only
in patients who do not show very early tumor
recurrence. We think that local tumor control i€ th
first step for long-term survival. In the long-term
results, lymph node status and extrapancreaticuplex
invasion were significant prognostic factors. Ireth
patient subgroup having positive regional node
metastases, the left posterior approach group had a
improved survival rate as compared to the control
group. It seems that dissection dorsal to the $wmper
mesenteric artery is important for achieving goochl
tumor control [16]. On the other hand, survival of
patients with positive plexus invasion was unaféct
by the type of dissection technique. This indicdtes
technical difficulty of complete resection of tursor
extending out of the pancreas along the plexuxuBle
invasion seems to reflect the high malignant péént
of the tumor. In most resectable pancreatic cancers
tumor extension to the plexus is confirmed by
microscopic examination after surgery. In additithe
remnant tumor in the plexus which was not resected
and left cannot be depicted by imaging. The eftdct
radiotherapy does not seem to be as good as erpecte
In these cases, it is thought that we should try
prolonged administration (one year or more) of
gemcitabine-based chemotherapy.

A tumor of the pancreatic head frequently invades t
uncinate process, which is fixed to the superior
mesenteric artery by the nerve plexus bundle. Saper
mesenteric nodes are attached to this plexus. Qisge

of the plexus with neighboring lymph nodes appé¢ars
be more effective for local control than only lymph
node extirpation [25]. Although circumferential
dissection of the superior mesenteric artery shéeld
avoided as far as possible, we believe that aggeess
surgery to obtain negative surgical margins isl stil
important in surgery for pancreatic cancer. Onather
hand, Hirotaet al. reported that the non-touch isolation
technique and extensive intraoperative peritoneal
lavage improved the postoperative survival rate].[26
The non-touch isolation technique is an oncological
procedure used to prevent hematogenous or
lymphogenous metastasis, and early inflow blockwit
this technique decreases intraoperative blood itoss
pancreaticoduodenectomy [27]. However, it appears t
be difficult to completely block the outflow draiga
from the pancreatic head to the portal vein ing¢hdy
phase of the operation. While performing the raeact
eradicating tumor tissue which may infiltrate irttee
soft tissue around the pancreas seems to be more
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important than preventing intraoperative hematogseno
or lymphogenous dissemination of the tumor. Even in
resectable pancreatic cancer, postoperative adjuvan
therapy is necessary in order to improve surgical
outcome. Moreover, gemcitabine treatment is the
adjuvant chemotherapy whose antitumor effect was
confirmed by a large randomized control trial [2&hd

the effectiveness of gemcitabine-based chemotherapy
was similarly observed in our study. Postoperative
survival was favorable in the left posterior apmioa
group as compared to the control group, but défmit
conclusions for a survival benefit cannot be drawn
because of the retrospective nature of the stutg. T
frequency of adjuvant chemotherapy using gemcitabin
differed between the left posterior approach graog

the historical control group. However, when surViva
analysis was restricted to patients who received
postoperative gemcitabine treatment, a differente i
survival according to surgical technique was observ

A randomized study is needed for confirmation, thiet
results seemed to indicate the significance ohimd

the surgical technique to achieve RO surgery. Timgch

or incising the tissue which may harbor the tumor
should be avoided as much as possible in order to
decrease the risk of intraoperative dissemination.

CONCLUSION

Superior mesenteric artery dissection using thé lef
posterior approach did not impair the short-term
survival outcome although the mesenteric nerveyslex
was widely resected. In addition, long-term surliva
was improved in the subgroup of patients with pesit
regional lymph nodes. This procedure was
accompanied by various degrees of diarrhea, but
careful monitoring on an outpatient basis allowed
administration of standard adjuvant chemotherapy.
From a technical point of view, this procedure
facilitates the understanding of the topographic
anatomy of the superior mesenteric pedicle.
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