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Abstract

Background In pancreaticoduodenectomy (PD), the approach to superior mesenteric artery (SMA) is a critical process
that supports adequate surgical margins and radicality for pancreatic tumors. In most of the reports on laparoscopic PD, the
right-sided approach in which the jejunum is pulled out to the right side for peri-SMA dissection is used, since the left side
of the SMA is difficult to dissect, and the only way to do this is to dissect the vein first.

Methods We devised a method to simplify and safely perform peri-SMA dissection by reversing the process, starting from
the left side of the SMA. The first step involves the mobilization of the pancreatic head, which allows for rotation around
the SMA. The second step involves the dissection of the left side of the SMA and transection of the jejunum. The key point
is to change the incision line between the anterior and posterior mesojejunum. The third process includes the inferior pan-
creatoduodenal artery (IPDA) and first jejunal artery (J1A) dissection, which can be easily performed from the left side
because the SMA rotates by simply continuing the dissection along the previously exposed SMA, and the IPDA/J1A are
safely dissected at the root because they are drawn to the left side. The remaining processes are performed on the right side.
Results This method was performed in 16 cases, and in most cases IPDA/J1A were divided from the left side.

Conclusion The technique for SMA dissection from the left posterior side was described with illustrations and video. Our
method allows safe oncologic dissection around SMA avoiding anatomical misorientation during laparoscopic PD.

Keywords Pancreatoduodenectomy - Lymphadenectomy - Minimally invasive surgery - Superior mesenteric artery -
Inferior pancreatoduodenal artery

Abbreviations critical step in obtaining an appropriate surgical margin
PD Pancreaticoduodenectomy length and complete clearance of lymph nodes. While vari-
SMA Superior mesenteric artery ous operative approaches for SMA dissection have been
CA Celiac artery described to improve operative safety and oncologic clear-
IPDA Inferior pancreatoduodenal artery ance, most are suitable for open surgery [1-3]. In laparo-
SMV Superior mesenteric vein scopic surgery, since the first PD case was reported in 1994
J1A and J2A  First and second jejunal arteries [4], many surgical/oncological results have been reported
CHA Common hepatic artery and reviewed [5, 6], but specific techniques/approaches for
GDA Gastroduodenal artery SMA dissection have rarely been discussed [7-9]. In this
RHA Right hepatic artery short report, we describe our technique (named the ‘left pos-

terior approach’) for SMA dissection during laparoscopic
PD for periampullary tumors and its short-term outcomes.
In pancreaticoduodenectomy (PD) for periampullary malig-
nancies, superior mesenteric artery (SMA) dissection is a
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terms of dissection around SMA, the principle of the pro-
cedure is the same regardless of the disease. Patients with
pancreatic cancer with concern for vascular invasion (SMA/
PV) were not selected for laparoscopic PD.

Operative procedure
Preoperative preparation and exposure of the SMV

First, we cannot emphasize enough the importance of metic-
ulous preoperative assessment of precise vascular anatomy
using thin-slice contrast-enhanced computed tomography
scans. Surgeons must be well-aware of the anatomical details
of all named/unnamed branches of the SMA and celiac
artery (CA), and specifically, the location of the roots of
the inferior pancreatoduodenal artery (IPDA) and jejunal
arteries (by “o’clock” position or distance from the SMA
root and other landmarks) is critical for operative planning.

Five ports are placed in a standard fashion, and the liver is
retracted superioanteriorly with a Nathanson liver retractor
to expose the porta hepatis (Fig. 1). The gastrocolic ligament
is incised, and the lesser sac is opened widely. The superior
mesenteric vein (SMYV) is identified at the inferior border
of the pancreas, and the superior right colic vein is ligated
and/or clipped, and divided. The transverse mesocolon is
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Fig.1 Port placement. Three 5 mm ports and two 12 mm ports are
used. A Nathanson liver retractor is inserted through a 5 mm incision
at the right side of the xiphoid process. N Nathanson liver retractor
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retracted inferiorly and dissected from the pancreatic head.
When the third portion of the duodenum becomes visible,
the SMV above this level is exposed widely, with the gas-
trocolic trunk not yet divided, to avoid congestion of the
pancreatic head. The second portion of the duodenum is
kocherized well to completely free the duodenum from the
retroperitoneum. The purpose of these initial steps are to
mobilize the vascular pedicle including SMA and facilitate
the SMA dissection and identification of its major branches
(IPDA and J1A).

Dissection of the anterior side of the mesojejunum

In order to dissect the SMA (left posterior approach), the
transverse mesocolon is retracted cephalad with the Nathan-
son liver retractor, and the mesojejunum is pulled caudad.
The anterior side of the mesojejunum is incised along with
the SMA at the 3 o’clock position, and the neural plexus
around the SMA is exposed. During dissection along with
the neural plexus directed to the root of the SMA, the liga-
ment of Treitz is detached and divided. The first and sec-
ond jejunal arteries (JIA and J2A) are identified in the
mesojejunum, and the anterior plane of the mesojejunum
is incised along J2A with communicating branches to J1A
divided (Fig. 2). The jejunum is then divided at the end of
the mesojejunal incision line (Fig. 3). In obese patients, the
roots of the jejunal arteries from the SMA are not neces-
sarily easy to find because of the thick fat in the mesentery,

Transverse colon
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Fig.2 Cutline of the anterior side of the mesojejunum. The trans-
verse mesocolon is retracted cephalad, and the anterior surface of the
mesentery is incised along with the SMA, exposing the surrounding
nerve tissue. The mesojejunum is then incised with J2A toward the
jejunum. MCA middle colic artery, SMA superior mesenteric artery,
JI1A first jejunal artery, J2A second jejunal artery



Surgical Endoscopy (2023) 37:8871-8878

8873

Transverse colon

Fig.3 After dissection of the anterior plane of the mesojejunum. The
communicating arcade between JIA and J2A was divided, and the
jejunum was transected using an endo-stapler. The posterior side of
the mesentery was not incised. The ligament of Treitz can be divided
either in this step or later. MCA middle colic artery, SMA superior
mesenteric artery, J/A first jejunal artery, J2A second jejunal artery

and it is not safe to dissect the tissue near the SMA without
clear anatomical orientation. Therefore, in these patients,
we recommend dissecting the mesojejunum in the reverse
direction. As the communication arcade can be easily found
at the rim of the mesentery once the jejunum is transected,
the distal J2A can be identified by following the distal side
of the arcade, and it is easy and safe to then incise the ante-
rior side of the mesentery along with J2A toward the SMA.

Dissection of the posterior plane of the mesojejunum

The jejunum is retracted anteriorly and the posterior side of
the mesojejunum is exposed. The posterior peritoneal attach-
ment is incised, and the duodenum is dissected free from
the retroperitoneum (Fig. 4, line A). When the ligament of
Treitz is divided, the duodenum to the proximal jejunum is
mobile around the SMA axis. To remove all the soft tissue,
including the uncinate process and lymph nodes around the
SMA enbloc, the division line of the posterior plane of the
mesojejunum should not be parallel to the anterior division
line but must be directed to the inferior border of the third
portion of the duodenum (Fig. 4, line B). The surface of the
posterior mesojejunum is incised.

When the distal jejunum loop is elevated anteriorly and
the proximal jejunal stump is pulled posteriorly, countertrac-
tion between the future resected specimen (including the
uncinate process and proximal mesojejunum) and preserved
structures (SMA, J2A, or more distal branches and distal

Distal

Treitz ligament

Fig.4 Cut line of the posterior plane of the mesojejunum. A The
jejunal loop was elevated anteriorly, and the peritoneal attachment
between the duodenum and retroperitoneum is incised. B It should be
noted that the dissection line for the posterior mesojejunum was not
the same as the incision line on the anterior side. The superficial layer
of the mesentery was incised toward the proximal duodenum. MCA
middle colic artery, J2A second jejunal artery

mesojejunum) is created. This retraction also facilitates the
outline of the SMA pedicle. Thereafter, the rest of the pro-
cedure involves placing all tissues other than the mesenteric
vessels down posteriorly to the specimen side (Fig. 5). For
patients with jejunal veins running anterior to the SMA, the
SMA with the surrounding nerve plexus should be used as
the landmark for the dissection layer, and for those with
jejunal veins running posterior to the SMA, the second

Fig.5 The concept of the laparoscopic left posterior approach. The
distal jejunal loop and its mesojejunum were elevated anteriorly,
and the proximal jejunum to be resected was pulled posterolaterally.
Along with the dissection, the SMA rotates to the left, and IPDA/J1A
can be isolated and ligated. SMA superior mesenteric artery, /PDA
inferior pancreaticoduodenal artery, JVT jejunal venous trunk, SMV
superior mesenteric vein
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jejunal vein and SMV trunk should be the landmarks for
the dissection layer. The landmark vessel is exposed in the
direction from distal to proximal, with all arterial and venous
branches toward the specimen side divided. Subsequently,
dissection of the soft tissue around the SMA, including its
branches, allows rotation of the SMA to the left side, and
subsequently, the IPDA branching off from the posterior side
can be securely ligated and divided. After these process,
uncinate process and soft tissue including lymph nodes is
detached enbloc from the SMA. In another case, in which
the IPDA branches from the right side, it should be divided
at a later stage of the procedure after the proximal jejunal
stump is pulled out to the right. Finally, the division of soft
tissue around the root of the SMA completes the “SMA dis-
section.” The proximal jejunum was passed under the SMA/
SMYV pedicle and pulled to the right (Supplementary Video).

Pitfall

When the proximal jejunum is retracted to the left, with
the distal jejunum and the SMA being elevated anteriorly,
the uncinate process of the pancreas is withdrawn to the
left with the mesopancreas by SMA rotation. As the tis-
sue between the uncinate process and the duodenum is rela-
tively loose, dissection can easily go in the wrong direction
behind the uncinate process (Fig. 6A). In the case of disori-
entation, it is safe to intentionally expose the surface of the
uncinate process and adjust the dissection line appropriately
(Fig. 6B). Nonetheless, the best way to avoid disorienta-
tion is to continue the dissection close to the SMA during

[Before]

Fig.6 Variations in the left posterior approach. A Incorrect dissec-
tion plane. If the dissection progresses along with the jejunum, the
plane is easily misdirected under the pancreas. B To return to the
appropriate plane, the uncinate process is exposed, and the tissue
between the SMA and pancreas is divided. C To avoid such misdirec-
tion and to assure the clearance of soft tissue around the SMA, we
recommend staying close to the SMA
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the entire procedure (Fig. 6C). The head-down position can
facilitate the exposure of the operative field by excluding
the distal jejunum loops from the area left and posteriorly
to the SMA. Intraoperative photographs are shown in Fig. 7.

Division of the stomach/duodenum

The division line is determined based on tumor location and
surgeon preference. The right gastric and right gastroepip-
loic vessels are divided, and the antrum of the stomach or
proximal duodenum is divided using an endo-stapler.

Dissection at the superior boarder of the pancreas

The anterior surface of the common hepatic artery (CHA)
is exposed above the pancreas, and the surrounding lymph
nodes/soft tissues are dissected proximally and distally. The
CHA and proper hepatic artery are circumferentially dis-
sected. The gastroduodenal artery (GDA) is isolated and
divided after testing.

Dissection of the hepatoduodenal ligament

The gallbladder is detached from the liver bed, and the peri-
toneal surface of the hepatoduodenal ligament is incised.
The common bile duct is dissected free of the right hepatic
artery (RHA) and encircled. After the distal RHA is exposed
on the right side, the common bile duct is divided.

The steps described above are completed by the operator
standing on the patient’s left side. At this point, the operator

Uncinate
process

Fig.7 Snapshots of the surgical procedure. A Preparation of the left
posterior approach from anterior view. B The J1A+IPDA transec-
tion by left posterior view C dissection of the SMA from right side
by anterior view D after resection by right side view. SMV; superior
mesenteric vein, SMV superior mesenteric vein, MCA middle colic
artery, MCV middle colic vein, /PDA inferior pancreaticoduodenal
artery, PV portal vein, CA celiac artery
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moves to the right of the patient and performs the rest of the
procedure.

Division of the pancreas

A tunnel between the head of the pancreas and the SMV/
PV is created. As the dissection of the superior pancreas is
already completed at this point, the forceps can easily pass
under the pancreas which is then divided.

Division of pancreas head nerve plexus
from the right side

The jejunum and uncinate processes are pulled to the right.
At this point, the left to posterior side of the SMA is dis-
sected free, and the major inflow to the pancreas via the
GDA and IPDA is already gone. The gastrocolic trunk is
divided, as well as other small right branches of the PV.
With the specimen retracted to the right, only the right-side
plexus around the SMA remains. The nerve fibers are dis-
sected along the SMA; the fibers directed to the pancreas
are divided, while the fibers running parallel to the SMA
are left behind. The IPDA branches on the right side of the
SMA should be divided at this stage (Fig. 7C). After the
plexus behind the CHA is dissected along with the CA, the
specimen can be taken en bloc with the lymph nodes at the
superior border of the pancreas. Finally, the soft tissue in the
hepatoduodenal ligament is incised along the hepatic arteries
and portal vein, and the resection is completed (Fig. 7D).

Table 1 Results of the left posterior approach

Reconstruction for the intestinal continuity

Pancreaticojejunostomy, choledochojejunostomy, and gas-
trojejunostomy/duodenojejunostomy are performed either
via mini-laparotomy or laparoscopy. Pancreatic and biliary
stents are placed as required.

This retrospective study was approved by the Cancer
Institute Hospital Ethics Committee (approval number 2019-
GA-1095), and the written consents were obtained from all
the patients.

Results

From January 2020, when we performed initial laparoscopic
PD with this left posterior approach, through to March 2022,
we performed this procedure on 16 patients (Table 1). In all
but one patient (n=12) with IPDA branching at the left side
(37 o’clock position), the IPDA (+J1A) was divided from
the left side. In three patients with IPDA branching from the
right side (8—11 o’clock position), isolation of the root of
the IPDA from the left side was not possible, and the IPDA
was divided from the right side during the later step. The
operations tended to be more difficult in obese male patients.
Table 2 shows pathological findings. Eight cases (50%) were
diagnosed with malignancy. Median harvested lymph nodes
was 20, and median size of the tumor was 19 mm.
Postoperative complications of Clavien—Dindo grade >3a
occurred in one patient who underwent laparotomy for an

Patient No. Age Sex BMI (kg/mz) Preoperative diagnosis OP time (min) Blood loss (mL) Direction of the IPDAs transec-
IPDA (o’clock) tion from left
side

1 69 M 228 IPMC? suspected 621 280 5 Complete

2 50 F 20.9 IPMC? suspected 698 320 4 Complete

3 66 M 251 Metastatic pancreatic cancer 691 280 8 Incomplete

4 78 M 242 IPMC? suspected 601 70 3 Complete

5 68 M 251 Duodenal tumor 606 350 5 Complete

6 74 F 27.8 Ampulla of Vater carcinoma 588 380 5 Complete

7 65 M 275 IPMC? suspected 685 460 7 Complete

8 45 F 19.8 SPN 569 50 11 Incomplete

9 77 M 18.0 Duodenal carcinoma 593 170 4 Complete

10 78 M 277 IPMC? suspected 685 1200 6 Incomplete
11 75 M 236 IPMC? suspected 685 350 4 Complete

12 66 M 209 PNET® 822 150 5 Complete

13 60 F 19.0 Duodenal carcinoma 649 15 9 Incomplete
14 73 F 22.9 Ampulla of Vater carcinoma 664 50 7 Complete

15 73 M 16.3 Distal Cholangiocarcinoma 762 150 5 Complete

16 77 M 219 Ampulla of Vater carcinoma 705 100 6 Complete

Intraductal papillary mucinous carcinoma, "Pancreatic neuroendocrine tumor

@ Springer



8876

Surgical Endoscopy (2023) 37:8871-8878

Table 2 Results of pathological

findings Patient No. Pathological diagnosis Tumor size (mm) pT pN Number of
lymph nodes
1 IPMA” 78°60"20 - - 6
2 Serous cystic neoplasms 5075030 - - 30
3 Metastatic pancreatic cancer 2071822 - - 11
4 IPMA” 35"15715 - - 14
5 Duodenal adenoma 1478715 - - 30
6 Ampulla of Vater carcinoma 10°10°5 Tla 0 26
7 IPMC? invasive 4872612 T3 0 12
8 Solid pseudopapillary neoplasm 16"13°10 - - 23
9 Duodenal carcinoma 12°8 Tlb 0 13
10 IPMA" 131310 - - 17
11 IPMA" 53"27°16 - - 31
12 Neuroendocrine carcinoma 24°18°16 T2 0 41
13 Duodenal carcinoma 7'5 Tlb 0 24
14 Ampulla of Vater carcinoma 45°17°8 Tla 0 13
15 Distal Cholangiocarcinoma 147137 T2 0 33
16 Ampulla of Vater carcinoma 5 Tis 0 13

“Intraductal papillary mucinous adenoma, *Intraductal papillary mucinous carcinoma

intra-abdominal abscess. Pancreatic fistula of ISGPF grade
B or greater occurred in one patient (6.2%). Operative mor-
tality was not observed.

Discussion

In this short report, we describe our technique for lapa-
roscopic PD, in which SMA dissection can be completed
safely in a systematic manner using the mesenteric vessels
as landmarks for dissection. Although various techniques
for SMA dissection and their oncologic implications have
been described in open PD for pancreatic cancer [1-3, 10,
11], the limitations in operative view angle and mobility
of surgical instruments make a similar approach difficult
to translate into the laparoscopic procedure, and the details
for SMA dissection have rarely been addressed in techni-
cal reports for laparoscopic PD [7, 9, 12, 13]. Despite the
advantages of laparoscopic surgery, such as less blood loss
and shorter recovery time [5, 14], the priority for cancer
patients is the radicality for oncologic clearance; thus, the
oncologic principles used in the open approach should not
be compromised in the laparoscopic approach. Among the
limited number of technical reports regarding the SMA
approach in laparoscopic PD, most described an approach
to the SMA from the right side [7]. In our experience, we
found this approach technically demanding because SMA
exposure and rotation completely relies on the assistant’s
hands. The problem was that assistants did not always have
adequate laparoscopic skills. When we started left posterior
approach, we did it at a first step. However, it’s difficult to
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complete the IPDA dissection due to the angle limitations
of the forceps except in the less visceral fat patients. While
changing the order of the surgical steps, we noticed that the
soft tissue including uncinate process rotated well around the
SMA after the dissection around the pancreatic head. In our
left posterior approach, the assistant only needed to grasp
the mesojejunum and not the mesenteric vessels, including
the SMA or SMV. Thus, the operation could be performed
with the trainee surgeon as an assistant.

Our technique described here is a combination of the pre-
viously described knowledge of surgical anatomy for SMA
dissection techniques [3, 10, 11] with the basic dissection
techniques for lymph nodes around major vessels that have
been established in laparoscopic gastrectomy [15, 16].

The advantage of this technique over the traditional lapa-
roscopic PD are as follows. The first is operative safety. In
traditional SMA dissection from the right side, the operat-
ing surgeon needs to retract the proximal jejunum and pan-
creas to the right for appropriate exposure of the SMA, and
only one hand can be used for dissection; thus, in cases of
bleeding from the branches of the SMA or SMV, suturing
or ligation would be difficult or even impossible because
both hands cannot be used. In contrast, our left posterior
approach, in which the SMA is retracted anteriorly by the
assistant’s forceps with the duodenum/proximal jejunum
being pulled down posteriorly by gravity, the operating sur-
geon is allowed to use both hands for dissection as well as
for bleeding control with sutures, as needed.

The second advantage is the blood inflow/outflow to the
pancreatic head. In our left posterior approach, all inflow
arteries (IPDA, J1A, GDA) were divided prior to the
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division of outflow veins (gastrocolic trunk, anterior/poste-
rior superior pancreaticoduodenal veins [ASPDV/PSPDV],
and others), and congestion of the pancreas was avoided. In
the right approach, the division of major SMV branches is
necessary for the exposure of the SMA, and when the arte-
rial inflow remains intact, venous congestion of the pancre-
atic head can occur even if ASPDV is left alone. On the left
side, SMA exposure and subsequent IPDA/J1A ligation are
possible without division of the SMV branches; thus, we did
not have to struggle with annoying venous oozing from the
congested pancreas head during the rest of the procedure.

The third advantage is the ease of orienting the dissection
line. The vascular anatomy in the mesojejunum/mesopan-
creas is usually quite complex owing to its embryonic rota-
tion, and disorientation or misdirection can occur during dis-
section in this area. As the dissection progresses along with
the landmark vessels in our approach, such problems are
unlikely to occur, even in obese patients in whom the mes-
enteric vessels are not visible from the mesenteric surfaces.

The last and most important advantage is the security of
oncologic clearance. Our approach allows for the safe dis-
section of the SMA to its root and complete clearance of the
nodes on its left posterior side. In the traditional right-side
approach, the tissue at the left posterior side of the SMA
must be withdrawn to the right side by rotating the SMA.
Although this maneuver is possible in open surgery, it is
technically demanding in laparoscopic surgery with instru-
ments of limited mobility and is likely to result in incomplete
clearance with some soft tissue/lymph nodes left behind.
Specifically, because of the difficulty in SMA rotation near
its root, in contrast to the greater mobility of the distal SMA,
it is not easy to remove the left-side tissue around the root
from the right. In this context, we believe that the left-sided
approach is technically reasonable. While IPDA branching
from the right of the SMA cannot be taken initially from
the left in our approach, it can be divided from the right in
the final step of the procedure. Obviously, the simplest and
safest principle is to remove the tissue on the left from the
left and the tissue on the right from the right. Rather than
sticking to either the left or the right, approaching from the
direction that is easy to do will make the surgery better. A
video paper was recently published summarizing various
approaches to the SMA [9]. Unfortunately, they do not rec-
ommend a left approach. However, the main value of their
report is that it gives us a chance to know every approach.
That will allow surgeons to make better choices in difficult
situations during MIS-PD.

Despite these technical and oncological advantages, we
have also recognized some issues with this technique. While
it could be performed quite safely, as shown in the results,
we found it difficult to expose the SMA from the left side
in some cases, including patients with morbid obesity and
a history of pancreatitis. In these cases, we needed to be

flexible for the selection of the left or right approach accord-
ing to the specific patient condition and vascular anatomy,
as well as the location and extent of the tumor. This series
excludes patients with SMA and/or SMV involvement. If
MIS-PD is planned for more advanced pancreatic cancer,
other approach, a mesenteric approach or extensive dissec-
tion from Treitz ligament, or combination of approaches
from multiple directions may be necessary.

Conclusion

The technique for SMA dissection from the left posterior
side was described with illustrations and videos. Our method
allows safe oncologic dissection around SMA avoiding ana-
tomical misorientation during laparoscopic PD. The opera-
tive principle and surgical anatomy should be applicable to
robot-assisted PD, and further evaluation is warranted.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-023-10417-y.
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