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Abstract
Introduction Use of central vascular ligation during dissection around the superior mesenteric artery (SMA) in
pancreaticoduodenectomy (PD) for periampullary malignancies has rarely been documented.
Methods We developed the SMA hanging technique (SHT) to facilitate central vascular ligation during PD. Briefly, SMA
dissection was initiated using the supracolic anterior approach, followed by left-sided dissection. The SMA was taped under
finger guidance immediately after right-sided dissection. The ligament of Treitz was detached from the SMA during left-sided
dissection, facilitating adequate lymph node dissection while preserving the nerve plexus around the SMA. Forty-seven consec-
utive patients who underwent PD for periampullary malignancies were divided into two groups: 23 underwent SHT and 24
underwent conventional dissection. Patients’ clinical results were assessed to evaluate the feasibility and validity of SHT.
Results Blood loss volume, operation duration, and the incidence of bleeding during SMA dissection were significantly lower in
the SHT group than in the conventional group. The short-term and oncological results were similarly acceptable in both groups.
Conclusions SHT is a feasible and safe technique with acceptable short-term outcomes. We propose the use of this procedure to
standardize en bloc dissection around the SMA.
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Abbreviations
PD Pancreaticoduodenectomy
SMA Superior mesenteric artery
IPDA Inferior pancreatoduodenal artery
SMD-
PD

Pancreaticoduodenectomy with systematic
mesopancreas dissection

plSMA Nerve plexus around the superior mesenteric artery
SMV Superior mesenteric vein

Introduction

In bloc resection of the cancer and cancer-bearing regions includ-
ing lymph nodes and organ parenchyma has been advocated
when treating cancers of the gastrointestinal system such as those
of the stomach,1–3 colon,4 rectum,5 and liver.6 Although the on-
cological benefit of thismethod has been proven in only a limited
number of reports,3

,7 the principle has gained popularity among
surgeons worldwide. Particularly for colonic cancers, en bloc
resection of the cancer-bearing intestine and mesocolon with
high ligation of the supplying arteries of corresponding regions
is termed central vascular ligation.4

Central vascular ligation has seldom been discussed in
pancreaticoduodenectomy (PD), where margin-negative resec-
tion often depends on adequate dissection around the superior
mesenteric artery (SMA),8–13 even though a standardized meth-
od of appropriate dissection has not been established. Dissection
between the pancreas head and SMA ahead of the point of no
return (such as pancreas transection or bile duct division) has
been proposed, and several different approaches have been
described.14–25However,most of these reports describe the initial
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approach for SMA dissection; descriptions of the entire proce-
dure for SMA dissection are rare. A safe, easily performed dis-
section method around the SMA is required for standardization.

We describe the complete sequence for SMA dissection
using the BSMA hanging technique^ following the supracolic
anterior artery-first approach, to facilitate central vascular li-
gation. This technique is based on the anatomical features
surrounding the SMA and ligament of Treitz and is a promis-
ing proposed technique for standardized dissection during PD.

Materials and Methods

Concept of Central Vascular Ligation
in the Periampullary Region

Figure 1a shows a conceptual schema of the vascular anatomy
of the digestive system with the components arranged in a
single plane. Central vascular ligation represents en bloc re-
section of the tumor-bearing region with high ligation of sup-
plying arteries, e.g., the inferior mesenteric artery for sigmoid
colectomy or the ileocolic, right colic, and right branch of the
middle colic artery for right hemicolectomy. The pancreas
head is connected to the SMA system, celiac ganglion, and
celiac axis system.When performing central vascular ligation,
the arteries that supply the pancreas head, namely the inferior
pancreatoduodenal artery (IPDA) and gastroduodenal artery,
should be ligated at their origin (Fig. 1b, c). Because the IPDA
usually has a common trunk with the first or second jejunal
artery,25 central vascular ligation extends to the origin of the
corresponding jejunal artery. This concept has been described
as level 2 dissection in PD with systematic mesopancreas
dissection (SMD-PD)25 and involves en bloc mesopancreas
dissection including both sides of the SMA, with staged dis-
section. The technique is indicated for diseases requiring sys-
tematic lymph node dissection of the mesopancreas such as
for ampullary, distal bile duct, and duodenal cancers. If the

hemi-circumferential nerve plexus of the SMA (plSMA) is
also dissected, the dissection is classified as level 3, indicated
for cancers with invasive growth or with perineural spread
such as in pancreatic ductal cancer. Our new method can be
applied to level 2 or 3 dissection according to this classifica
tion.

SMA Hanging Technique Surgical Procedure

Following Kocher’s maneuver, the gastrocolic fascia is dis-
sected to open the omental bursa. The superior right colic vein
is ligated routinely, followed by further dissection along the
same plane to expose the middle colic artery, which is exposed
to its origin to identify the SMA and to dissect the lymph
nodes above the SMA. The superior mesenteric vein (SMV)
is then taped at the level of the transverse portion of the
duodenum.

In level 2 dissection without SMV co-resection, bran
ches such as the gastrocolic trunk of Henle, which usually
arises from the anterior aspect of the SMV26 or the first
jejunal vein, are first divided to free the SMV from the
pancreas head. A diamond-shaped window is then created
by retracting the SMV rightward, the transverse mesoco
lon caudally, the SMA leftward, and the pancreas neck
cranially (Fig. 2a, b). If the middle colic vein obstructs
the view, it can be ligated and divided. The right and
dorsal aspects of the SMA are dissected within this field
using the supracolic anterior approach while preserving
the circumferential plSMA.25

In level 3 dissection, wherein the cancer has invaded
the mesopancreas and SMV, the connective tissue around
the SMV is not detached from the SMV. The middle colic
vein is routinely ligated and divided, and the hemicircum
ferential plSMA in the corresponding direction is resected
to gain an optimal margin (Fig. 2c, d).

In both level 2 and 3 dissection, the jejunal vein running
behind the SMA should be adequately separated from the

Fig. 1 Conceptual schema of the vascular anatomy of the digestive
system. a Entire system. Each component is arranged in a single plane.
Central vascular ligation covers the tumor-bearing region with high
ligation of supplying arteries; e.g., sigmoid colectomy (black dashed line)
or right hemicolectomy (black solid line). b Magnified view of the

mesopancreas area. GDA gastroduodenal artery, IPDA inferior
pancreatoduodenal artery, JA jejunal artery, SMA superior mesenteric
artery, MCA middle colic artery, pl-PH-I(II) first (second) nerve plexus
of the pancreas head. c Conceptual schema of en bloc resection of the
pancreas head and mesopancreas
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SMA, i.e., up to 1 cm left of the SMA (Fig. 2b, d). The
origin of the IPDA or the common trunk of the IPDA and
first jejunal artery is exposed, ligated, and cut at this stage.
We then convert the procedure to left-sided dissection of
the SMA. At this stage, we can easily identify the origin of
the second jejunal artery (preserved). The surgeon inserts a
left finger behind the SMA from the right side at a point
just proximal to the second jejunal artery. Under the guid-
ance of the surgeon’s fingers, the serosa of the mesentery is
opened, connecting the right and left dissection spaces
(Fig. 3a, b). A tape for hanging is placed through this hole,
encircling the dorsal aspect of the SMA. The transverse
colon is then reflected cranially, and the left side of the
SMA is dissected so that the previous opening is enlarged
toward the origin of the SMA, preserving the plSMA
(Fig. 4a). This procedure can be performed bloodlessly
because the origin of the first jejunal artery has already
been ligated and cut, and the jejunal vein has been separat-
ed from the SMA during the previous supracolic anterior
approach. The mesentery of the first jejunal artery is divid-
ed from the remnant, and the corresponding jejunum is cut.
Dissection of the left side then progresses, and the ligament
of Treitz is identified as a membranous layer composed of
smooth muscle that narrows cranially (Fig. 4b).27,28 The
ligament is dissected from the SMA, then ligated, and cut

at the level of the SMA origin. The left side of the SMA is
thus fully dissected while preserving the plSMA (Fig. 4c).
Once the stump of the jejunum is reflected rightward, the
SMV is retracted to the left, and the upper portion of the
mesopancreas is dissected. Once the right-sided dissection
reaches the origin of the SMA, en bloc dissection around
the SMA is completed. Division of the pancreas neck,
common bile duct, stomach, or duodenum is then per-
formed. We performed intraoperative frozen section anal-
ysis for the pancreas stump, bile duct stump, and para-
aortic lymph nodes for all cases in this study. When the
pancreatic or bile duct stump was judged to be cancer pos-
itive, additional resection was considered.

Conventional SMA Dissection During SMD-PD

In conventional SMA dissection during SMD-PD, right-
sided dissection is similarly performed using a
supracolic anterior approach, followed by dissection of
the left side of the SMA. Conventional dissection is
initiated by dividing the jejunum at the estimated point
of resection, and the mesojejunum is then transected
toward the SMA from the periphery.25 Thereafter, left-
sided dissection of the SMA continues along the SMA

Fig. 2 Schema during right dorsal dissection of the superior mesenteric
artery (SMA) by the supracolic anterior approach. a Frontal view of level
2 dissection. The diamond-shaped field is created by cross-directional
retraction of the superior mesenteric vein (SMV), the SMA, pancreatic
neck, and transverse mesocolon, including the pedicle of the middle colic
artery. b Transverse view of level 2 dissection. Dissection from the right
side should extend to the left side of the SMA. c Frontal view of level 3

dissection. The nerve plexus around the SMA is peeled off the artery.
Dissection around the SMV is limited to maintain good tumor margins. d
Transverse view of level 3 dissection. The second nerve plexus of the
pancreas head is dissected hemicircumferentially from the SMA. Lymph
nodes, fat, connective tissue, and the SMV around the tumor are
untouched to maximize the resection margins
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with connection of the right and left dissection spaces
achieved during the final stage of the dissection.

Patients

Between January 2013 and August 2015, the first author per-
formed 47 elective PDs for malignant diseases using the SMD-
PD method; the first 24 patients underwent PD with the conven-
tional technique (conventional group), and the latter consecutive
23 underwent PD with the SMA hanging technique (SMA hang-
ing technique group). The institutional review board of theCancer
Institute Hospital, Tokyo, Japan, approved this retrospective study
with waived informed consent.

In all operations, immediately after resection, the specimen
was macroscopically explored, and the regional lymph nodes
were identified, numbered, and isolated by the attending surgeon.
The lymph nodes surrounding the main tumor were left un-
touched and simply noted. Pathological R0 resection was defined
as no exposure of cancer cells in the dissection plane.

The total amount of intraoperative blood loss was estimated
from the total volume of blood aspirated or absorbed by gauze,
which was recorded by a nurse in the operating theater. All clin-
ical, surgical, and pathological data were collected from a pro-
spectively accumulated database. The definition of postoperative
pancreatic fistula in this report was that proposed by the
International Study Group on Pancreatic Fistula.29 The definition
of delayed gastric emptying was that proposed by the
International Study Group of Pancreatic Surgery.30 Other postop-
erative complications were defined according to the Clavien-
Dindo classification system,31,32, and the final diagnosis was de-
termined based on the pathological findings.

Feasibility and Efficacy of the SMA Hanging Technique

The feasibility of the SMA hanging technique was evalu-
ated based on patients’ prospectively accumulated surgical

Fig. 3 Schema of connecting the dissection planes. a Frontal view of
connecting the planes. Under finger guidance, the serosa of the
mesojejunum is opened adjacent to the superior mesenteric artery. b
Transverse view of connecting the planes. Under finger guidance, a thin
Kelly clamp is inserted from the left side, and tape is applied

Fig. 4 Schema of dissection of the left side of the superior mesenteric
artery (SMA). a Initial dissection. The dissection begins from the point at
which the tape is applied and progresses toward the origin of the SMA,
preserving the nerve plexus of the SMA, enlarging the window to the
right-sided dissection plane. b Middle dissection. The mesojejunum is
divided along the future-preserved jejunal artery pedicle. Left-sided

dissection is then extended, identifying the ligament of Treitz as a
membranous muscular layer. c Final dissection. The ligament is detached
from the SMA, ligated, and cut beyond the left renal vein. At this stage,
complete dissection of the left side of the superior mesenteric artery is
achieved while preserving this side of the nerve plexus of the superior
mesenteric artery
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records. A successful dissection procedure was defined as
that completed without conversion to the conventional
method because of uncontrollable bleeding or loss of ori-
entation during dissection. Bleeding was defined as active
hemorrhage during dissection around the SMA requiring
coagulation, compression, or suturing; minor oozing was
excluded.

Statistical Analysis

All continuous data are expressed as the median with range.
Quantitative and categorical variables were compared using
the generalized Wilcoxon’s rank-sum test and Fisher’s exact
test, respectively. A p value <0.05 was considered statistically
significant. Statistical analysis was performed using JMP soft-
ware (version 10; SAS Institute Inc., Cary, NC).

Results

Patient Demographics

No significant differences in patient demographics were pres-
ent between the two groups (Table 1). All patients with inva-
sive pancreatic cancer excluding two patients with pancreatic
groove cancer located away from the SMA and one with high
systemic risk underwent level 3 dissection of the mesopan
creas including hemicircumferential plSMA dissection. The
remaining patients underwent level 2 dissection.

Perioperative Outcomes

The SMA hanging technique was feasible in all 23 patients,
and Table 1 shows the perioperative outcomes in both groups.
The intraoperative blood loss volume (420 vs. 625 ml,
p = 0.027), operation duration (401 vs. 486 min, p = 0.042),
and incidence of bleeding events during SMA dissection (4 vs
29 %, p = 0.047) were significantly lower in patients in the
SMA hanging technique group. The incidence of blood trans-
fusion tended to be lower in the SMA hanging technique
group, although the difference between groups did not reach
statistical significance. The rate of postoperative complica-
tions, including postoperative pancreatic fistula and delayed
gastric emptying, and the hospital stay duration were similar
between the groups. Although the rate of diarrhea was com-
parable between the groups and successfully controlled by
medication, most patients who required an opioid antidiarrhe-
al had undergone level 3 dissection. Among 16 patients with
opioid administration, opioid was discontinued or converted
to non-opioid antidiarrheal drugs in seven patients. One pa-
tient in the conventional group died of acute interstitial pneu-
monia of unknown cause with secondary multiple organ fail-
ure. Among 27 patients with pancreatic cancer, 21 patients

underwent adjuvant chemotherapy using 5-fluorouracil deriv-
ative (TS-1) or gemcitabine (13 in the SMA hanging tech-
nique group and 8 in the conventional group). Two patients
in the SMA hanging technique group and one in the conven-
tional group were not candidates for adjuvant therapy because
of advanced age or comorbidity. Three patients in the conven-
tional group underwent therapeutic chemotherapy for early
recurrence.

Oncological Outcomes

The number of patients with positive lymph nodes was 18
(78 %) in the SMA hanging technique group and 16 (67 %)
in the conventional group with no significant difference
(p = 0.52). The total number of dissected lymph nodes (31
(range, 19–50) vs. 29 (range, 11–68), SMA hanging technique
vs. conventional group, respectively; p = 0.27) was similar
between the groups. Margin-negative resection was achieved
in 20 patients (87 %) in the SMA hanging technique group
and 22 (92 %) in the conventional group, with no significant
difference between groups (p = 0.67). Both groups included
two patients with a positive margin in the medial dissection
plane of the mesopancreas, whereas one patient in the SMA
hanging technique group had a positive margin at the pancreas
neck stump.

Discussion

In this preliminary report, we proposed further developments
in the technique for en bloc dissection around the SMA fol-
lowing the supracolic anterior approach. Although en bloc
resection around the SMA is desirable, a standardized tech-
nique for widespread use should be universally applicable
regardless of patient factors such as disease type, anatomy,
and possible obesity. Inoue et al.25 recently proposed a novel
technique termed SMD-PD with en bloc mesopancreas dis-
section including both sides of the SMA. The SMA hanging
technique described in the current article is supplemental to
and an adaptation of SMD-PD, potentially ensuring precise
and bloodless dissection around the SMA, as our results have
shown.

Our technique includes two new points derived from ana-
tomical features around the SMA. The first point is a safe
connection of both sides of the dissection space around the
SMA. As was described previously, the supracolic anterior
approach allows for dissection of the right dorsal aspect of
the SMAwith a clear view.25 At this stage, the dissection level
for preserving or resecting the plSMA (corresponding to level
2 or 3, respectively) or the longitudinal range of dissection
along the SMA (which branches should be resected) is adjust-
ed while judging resectability. Previous reports of pancreatic
cancer have reported the SMA aspect as the most frequent

J Gastrointest Surg (2016) 20:1769–1777 1773



point of R1 resection.8,9,33,34 Therefore, a logical strategy in-
cludes dissection of this part first to establish the maximum
cancer margin or judge resectability with respect to the SMA
margin. Also, because most jejunal veins run behind the
SMA,25 primary dissection between the jejunal vein and

SMA facilitates bloodless dissection in the left aspect. In the
SMA hanging technique, finger-guided penetration of the
mesentery enables atraumatic connection of the dissection
space, and a hanging tape works as an entrance landmark for
left-sided dissection, which also corresponds to the distal end

Table 1 Patient demographics and perioperative outcomes

SHT Conventional p value
(n = 23) (n = 24)

Age (years) 73 (511) 66 (36–85) 0.078

Sex (M/F) 12/11 12/12 1

BMI 21.4 (16.4–26.2) 20.8 (17.6–26.4) 0.62

Diabetes 6 (26 %) 6 (25.0 %) 1

Diagnosis 0.49

Invasive pancreatic cancer 15 12

Level 2 3 0

Level 3 12 12

Bile duct cancer 3 4

Ampullary cancer 0 2

Duodenal cancer 2 3

Others 3 3

Operation time (min) 401 (254–540) 486 (345–780) 0.042

Blood loss (ml) 420 (50–1100) 625 (125–2530) 0.026

Blood transfusion 1 (4 %) 5 (21 %) 0.14

Bleeding during the SMA dissection 1 (4 %) 7 (25 %) 0.048

From the jejunal vein 0 6

From the IPDA 1 1

Postoperative complication

POPF 11 (48 %) 11 (46 %) 0.21

Grade A/B/C 6/5/0 2/9/0

Delayed gastric emptying 9 (39 %) 6 (25 %) 0.78

Grade (A/B/C) 3/3/3 2/2/2

Diarrhea

Present 14 9 0.22

Non-opioid antidiarrheal 5 2

Opioid antidiarrheal 9 7

Absent 9 15

Clavien-Dindo scale 0.33

Grade 0 4 1

Grade 1 4 5

Grade 2 14 14

Grade 3 1 3

Grade 4 0 0

Grade 5 0 1

Postoperative stay (days) 27 (16–70) 31 (18–96) 0.34

Readmission within 30 days 1 1 1.00

Continuous data are shown as median and range

SMD systematic mesopancreas dissection, PV portal vein, SMV superior mesenteric vein, SMA superior mesenteric artery, IPDA inferior
pancreatoduodenal artery
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of the longitudinal SMA dissection. This approach facilitates
bloodless dissection because of the primary right-sided dissec-
tion of the jejunal vein from the SMA and ventral retraction to
facilitate dissection between the artery and the mesopancreas.
The second new point in this article is setting an optimal
dissection layer on the left side of the SMA by identifying
the ligament of Treitz27,28,35,36 as the membranous muscular
tissue forming the duodenojejunal junction. Detaching the lig-
ament from the SMA exposes the left surface of the plSMA.
This technique is reasonable and useful because in most pan-
creatic head tumors, the left-sided plSMA is usually intact and
should be preserved to avoid severe postoperative diarrhea.

A standardized method of en bloc resection of the supply-
ing artery and its associated lymph nodes in patients with
gastric cancer was proposed approximately 50 years ago and
was termed BD2 dissection^ in the 1980s.1 Also, the efficacy
of lymph node dissection in promoting long-term survival was
proven after more than 50 years of performing lymph node
dissection.2,3 A similar principle has been proposed for total
mesorectal excision or complete mesocolic excision in pa-
tients with colorectal cancer, and the validity of this technique
has been accepted worldwide.4,5,7,37 En bloc resection of the
cancer-bearing area together with a corresponding inflow ves-
sel has also been applied in the treatment of hepatocellular
carcinoma.6 Wide and accurate resection of regional lymph
nodes during PD has been advocated in several series for
precise disease staging;38–40 however, clear descriptions of
en bloc resection regarding the SMA are lacking. Also, in
several randomized trials comparing Bextended dissection^
and Bstandard dissection,^32,41–43 the definition of standard
dissection was not established, and there remains no standard-
ized technique. Therefore, the true benefit of wide and en bloc
lymph node dissection around the SMA remains unclear. Our
technique could become part of a widespread safe and com-
prehensible SMA dissection method, with surgeons at differ-
ent institutes performing it with similar quality.

Our report has certain limitations. First, related to the pre-
liminary retrospective design, comparison of the long-term
outcomes was omitted. Second, the true efficacy of the SMA
hanging technique remains to be confirmed. Results from
comparisons between non-concurrent groups from a single
institution without randomization should be interpreted care-
fully regarding technical bias or a learning curve effect.
Although our series showed significantly reduced blood loss
in the SMA hanging technique group, to draw reproducible
and definitive conclusions, well-controlled randomized trials
are needed to compare this technique with a conventional
method. Third, our study involved exclusively Japanese pa-
tients, who tend to have a lower BMI. Although Japanese
people have genetically different fat distribution characterized
by higher amounts of visceral fat compared with people in
other regions,44,45 extremely obese patients are rare in
Japanese society. Therefore, the feasibility and efficacy of

the SMA hanging technique remain unclear in higher BMI
or obese patients in western countries. Despite these limita-
tions, this preliminary report achieved its major aims of de-
scribing the complete SMA dissection sequence and the con-
cept of central vascular ligation in PD, with acceptable peri-
operative and oncological outcomes.

During the last decade, Bartery-first^ and Bmesopancreas
dissection^ have been hot topics potentially leading to stan-
dardized SMA dissection in PD. However, to our knowledge,
there are no reported objective and reproducible evaluations of
the outcomes of these techniques that exclude the learning
curve effect or selection bias. We hope that our proposed tech-
nique will help further the discussion of central vascular liga-
tion in PD among surgeons worldwide, serving as an impetus
for a randomized study to confirm the superiority of any tech-
nique in a larger cohort.

Conclusion

We described the details of the SMA hanging technique for en
bloc resection around the SMA, with acceptable perioperative
outcomes. We believe that this technique is feasible for sur-
geons with average skill performing conventional pancreatic
surgery. We advocate this procedure as a promising option for
PD.
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