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Abstract

Background In recent years, the number of minimally invasive pancreatoduodenectomy (MIPD) has been increasing; how-
ever, the procedure has not been widely accepted due to its complexity and difficulty. We have developed a technique to
mobilize the pancreas head using a left-sided approach with a focus on the complete dissection of the Treitz ligament.
Methods This technique focuses on the secure mobilization of the pancreas head using a left-sided approach. First, the
transverse mesocolon is flipped upward and the anterior side of the mesojejunum is excised to expose the first jejunal artery
(1st JA) from the distal side to its origin. During the procedure, the left sides of the SMA and Treitz ligament are exposed.
The Treitz ligament is retracted to the left side and dissected anteriorly. Thereafter, the jejunum is flipped to the right side
and the retroperitoneum around the origin of the jejunum and duodenum is dissected to identify the inferior vena cava (IVC).
The rest of the Treitz ligament is dissected posteriorly and complete resection of the Treitz ligament releases the limitation
of duodenal immobility. Thereafter, dissection proceeds along the anterior wall of the IVC, and mobilization of the pancreas
head is completed from the left side.

Results A total of 75 consecutive patients underwent MIPD from April 2016 to July 2022. The median operation times of
laparoscopic and robotic procedures were 528 min (356—757 min) and 739 min (492-998 min), respectively. The volume of
blood loss during laparoscopic and robotic procedures was 415 g (60-4360 g) and 211 g (17-1950 g), respectively. There
was no mortality in any of the cases.

Conclusion Mobilization of the pancreas head and left-sided approach using a caudal view will be a safe and useful tech-
nique for MIPD.

Keywords robotic surgery - pancreadoduodenectomy - left approach - Treitz ligament

The number of minimally invasive pancreatoduodenectomy
(MIPD) procedures, including laparoscopic pancreatoduo-
denectomy (LPD) and robotic pancreatoduodenectomy
(RPD), has been increasing due to reports showing the pro-
cedure’s feasibility [1-6]. However, the procedure has not
been widely accepted as a standard procedure due to its diffi-
culty. A major contributor to the procedure’s difficulty is the
anatomical complexity surrounding the pancreas, which may
cause unexpected trouble, such as bleeding or organ injury,
during surgery. Therefore, sufficient knowledge of surgical
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anatomy is essential for safe and widespread adaptation of
MIPD procedures.

The caudal view is an advantage in minimally invasive
surgery (MIS), and there have been several reports in which
MIPD procedures were completed by taking advantage of
this view [7, 8]. Mobilization of the pancreas head, gener-
ally called Kocher’s maneuver, has been performed as a gold
standard procedure in both open pancreatoduodenectomy
(OPD) and MIPD. Therefore, there seem to be no reports
focused on the mobilization of the pancreas head. Cho et al.
[8] reported dissecting the anterior surface of the inferior
vena cava (IVC) during their approach to the superior mes-
enteric artery (SMA) in an LPD case; however, they did
not sufficiently detail the mobilization of the pancreas head.

One of the most important and challenging portions of
MIPD is dissection around the SMA; various approaches
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have been reported, such as anterior, posterior, right, and
left approaches. Nagakawa et al. [9] reported, in a systematic
review of the SMA approach, that the right approach was the
most frequently reported and seemed to be the most popular
approach for a MIPD. On the other hand, there have been
few reports regarding other types of approaches. Although
Cho et al. [8] previously reported a left approach to the SMA
during an LPD, there have been no reports regarding a left-
sided approach during an RPD.

In this study, we focused on the mobilization of the pan-
creas head from the left side, based on our anatomical under-
standing of the Treitz ligament. We also showed a left-sided
SMA approach for MIPD procedures, including both LPD
and RPD.

Methods

The anatomical significance of the Treitz ligament
during MIPD

The ligament of Treitz, also known as the suspensory liga-
ment of the duodenum, was first reported in 1853. The
duodenum is fixed in place by the Treitz ligament; there-
fore, complete dissection of the ligament is essential for
mobilization of the duodenum. The Treitz ligament is not
attached only to the duodenojejunal junction. Nassar et al.
[10] reported the ligament was widely attached from the
3rd and 4th portion of the duodenum to the duodenojejunal
junction in 40-60% of patients (Fig. 1). Therefore, complete
resection of the ligament only from the anterior side is dif-
ficult despite retraction to the left side since a part of the
ligament is attached to the duodenum through the posterior
side of the SMA (Fig. 1).

Left-sided approach; Treitz ligament dissection,
SMA approach, and mobilization of the duodenum
from the left side (supplemental videos 1; robotic
procedure and 2; laparoscopic procedure)

The patient is placed in a supine position with legs apart.
The port is placed as in Fig. 2a. First, the gastrocolic liga-
ment is dissected and entered the lesser sac. The transverse
colon and mesocolon are taken down to the caudal side of
the pancreas and mesenteric vessels to prevent obstruction
of the view of the surgical field by the transverse colon and
mesocolon (Fig. 2b, c). Thereafter, the left-sided approach
is applied. The left-sided approach consists of three parts,
Treitz ligament dissection, SMA approach including expo-
sure of jejunal artery and vein, and mobilization of the duo-
denum. The transverse mesocolon is flipped upward. The
transverse colon and transverse mesocolon are then fixed
by either a liver retractor or forceps. The mesojejunum is

Fig. 1 The Treitz ligament is widely attached from the 3rd and 4th
portion of the duodenum to the duodenojejunal junction in 40-60% of
patients. A part of the ligament is attached to the duodenum through
the posterior side of the superior mesenteric artery

widely retracted and the anterior side of the mesojejunum
is excised to expose the first jejunal artery (Ist JA). The
anterior side of the 1st JA is dissected from the distal side
to its origin (Fig. 3a, e). The root of the 1st JA, the left side
of the SMA, and part of the Treitz ligament can be clearly
identified (Fig. 3b, f). The Ist JA is usually preserved in
cases with benign to low malignant diseases, whereas it is
dissected at the origin of the artery in cases with pancreatic
cancer. The Treitz ligament is not only attached to the origin
of the jejunum, but it is also widely attached to the duode-
num in around 40-60% of patients (Fig. 1). Therefore, the
Treitz ligament should be retracted to the left side as much
as possible and dissected anteriorly (Fig. 3c, g).

Next, the origin of the jejunum is flipped to the right side
and the retroperitoneum around the origin of the jejunum
is dissected. Dissection begins between the left side of the
jejunum and the inferior mesenteric vein (Fig. 3d, h). Since
the duodenum is fixed by the retroperitoneum, dissection of
the retroperitoneum allows for increased duodenal mobility
such that the 3rd and 4th portions of the duodenum may be
easily retracted and identified from the left side. The more
the retroperitoneum around the duodenum is dissected, the
more the duodenum may be retracted. At this stage in the
procedure, the IVC can be identified from the left side.
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Fig.2 a Port placement of
laparoscopic (left) and robotic
(right) procedure. b The trans-
verse colon and mesocolon are
completely mobilized to the
caudal side to prevent obstruc-
tion of the surgical view by the
transverse colon and mesoco-
lon. ¢ The transverse colon and
transverse mesocolon are held
away from the duodenum after
complete mobilization. SMA
superior mesenteric artery; SMV
superior mesenteric vein; IMV
inferior mesenteric vein; JA
jejunal artery; Treitz lig. Treitz
ligament
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Fig.3 a, b, e, and f The a
jejunum and mesojejunum

are widely retracted, and the
anterior side of the mesojeju-
num is excised to expose the
first jejunal artery (1stJA).c, g
The Treitz ligament is retracted
to the left side and dissected
from anteriorly. d, h Retroperi-
toneum between the left side

of the jejunum and the inferior
mesenteric vein is dissected.
The duodenum is pulled toward
the left side, exposing the
anterior surface of the inferior
vena cava. JA jejunal artery;
SMA superior mesenteric artery;
Treitz lig. Treitz ligament; IMV
inferior mesenteric vein; IVC
inferior vena cava

Treitz lig.

Jejunum
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Thereafter, the remainder of the Treitz ligament is dis-
sected. The ligament is identified from the posterior side if
the ligament is widely attached to the duodenum (Fig. 3d).
After complete dissection of both the Treitz ligament and
retroperitoneum, the duodenum is completely mobile. The
anterior side of the IVC is dissected; dissection continues
until the right side of the duodenum can be identified poste-
riorly (Fig. 4a, b). In this procedure, most of the mobiliza-
tion of the pancreas head is completed from the left side. The
remainder of the peritoneum is dissected from the right side
to complete the mobilization of the pancreas head. There-
after, the other part of the procedure is continued, which
consists of transection of the stomach, isolation of the com-
mon hepatic artery (CHA), gastroduodenal artery (GDA),
and proper hepatic artery (PHA), followed by isolation of
the common bile duct. After dissection of the GDA, the

Duodenum

Fig.4 a, b The anterior side of the inferior vena cava is dissected
from the left side and the pancreas head is mobilized. /VC inferior
vena cava; IMV inferior mesenteric vein; LRV left renal vein
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portal vein was exposed at the superior side of the pancreas,
thereafter pancreas was isolated at the ventral side of the
SMYV. Thereafter, the proximal jejunum is pulled out to the
right side of the SMA and transected at 10-15-cm distal
side of the origin of the jejunum. The mesojejunum is also
dissected toward the transection of the jejunum. The pancre-
atic parenchyma is transected; thereafter, tissues between the
pancreatic head and right side of SMA were divided and the
specimen was removed.

Patients

Between April 2016 and July 2022, a total of 75 consecutive
patients underwent MIPD at the Department of Surgery and
Oncology, Kyushu University Hospital (Fukuoka, Japan).
RPD was introduced in 2018 through a clinical trial and
was accepted for health insurance coverage in 2020. The
indication of MIPD procedures in our institute was gradu-
ally expanded alongside the increase in surgical experience.
MIPD procedures were initially only performed for patients
with benign or low malignancies. However, the procedure is
now performed for patients with malignant diseases, includ-
ing pancreatic ductal adenocarcinoma (PDAC), except for
cases with tumors exposed to the superior mesenteric vein.
The Institutional Review Board of Kyushu University Hos-
pital approved the study protocol (approval number 2022-
104). The requirement for informed consent was waived by
our review board.

Statistical Analysis

All continuous data are expressed as median and range. Sta-
tistical analysis was performed using the Mann—Whitney
test. A p-value of <0.05 was considered statistically signifi-
cant. All statistical analyses were performed using JMP Pro
14.1.0 (SAS Institute, Cary, NC, USA).

Results

A total of 75 consecutive MIPD case were completed between
April 2016 and July 2022. Of these cases, 28 cases were com-
pleted laparoscopically, 43 cases were completed robotically,
and 4 cases were completed using a hybrid method (laparo-
scopic resection with robotic reconstruction). The postopera-
tive outcomes of our overall series are shown in Tables 1 and
2. The median operation times for laparoscopic, robotic, and
hybrid procedures were 528 min (356—757 min), 739 min
(492-998 min), and 697 min (542-764 min), respectively.
The volume of blood loss was 415 ml (60—4360 ml), 211 ml
(17-1950 ml), and 324 ml (247-720 ml) for laparoscopic,
robotic, and hybrid procedures, respectively. Compared
with LPD, operation time was longer in RPD. This could be
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Table 1 . Patieqt character. iSti.Cs Laparoscopic group Total (n=28) Early (n=20) Late (n=38) p value
and perioperative outcomes in
LPD Sex (male/female) 11/9 1/7
Age 59 (40-82) 62 (40-75)
Pathological diagnosis
PDAC 3 2 1
IPMN 7 6 1
p-NEN 7 5 2
Bile duct ca 0 0 0
Vater Ca 4 3 1
SPN 2 1 1
Others 5 3 2
Operation time (min) 528 (356-757) 540 (356-757) 472 (368-670) 0.1148
Blood loss (g) 415 (60-4360) 448 (92-4360) 202 (60-630) 0.037
Mortality 0 0 0

ASA-PS American Society of Anesthesiologists physical status; LPD laparoscopic pancreaticoduodenec-
tomy; /PMN intraductal papillary mucinous neoplasm; PDAC pancreatic ductal adenocarcinoma; p-NEN
pancreatic neuroendocrine neoplasm; SPN solid pseudopapillary neoplasm

Table 2 Patient characteristics

. . . Robotic group Total (n=43) Early (n=30) Late (n=13) p value
and perioperative outcomes in
RPD Sex (male/female) 13/17 6/7
Age 67 (22-78) 67 (15-85)
Pathological diagnosis
PDAC 13 10 3
IPMN 8 7 1
p-NEN 6 5 1
Bile duct ca 3 2 1
Vater Ca 6 2 4
SPN 3 1 2
Others 4 3 1
Operation time (min) 739 (492-998) 771 (588-998) 587 (492-855) 0.0036
Blood loss (g) 211 (17-1950) 252 (17-1950) 200 (57-600) 0.3973

Mortality 0

0 0

ASA-PS American Society of Anesthesiologists physical status; IPMN intraductal papillary mucinous
neoplasm; PDAC pancreatic ductal adenocarcinoma; p-NEN pancreatic neuroendocrine neoplasm; RPD
robotic pancreaticoduodenectomy; SPN solid pseudopapillary neoplasm

because the variety of instruments required for the robotic
procedure is still less than that for the laparoscopic procedure.
We also divided laparoscopic and robotic procedures into an
early period (cases 1-20 for LPD and cases 1-30 for RPD)
and a late period (cases 21 and up for LPD and cases 31 and
up for RPD). We found that the operation time during the late
period for both LPD and RPD was shorter than that of the early
period (540 min vs 471 min, p=0.115; LPD, and 771 min vs
587 min, p=0.0036; RPD) (Tables 1, 2). There was no mortal-
ity in any of the cases.

Discussion

In this study, a left-sided approach, consisting of Treitz liga-
ment dissection, SMA approach including exposure of jeju-
nal artery and vein, and mobilization of the duodenum, was
reported. Of these procedures, Treitz ligament dissection
has been performed from the left side since the introductory
period of MIPD, because identification of the ligament is
clearer from the left side than from the right side.

Kocher’s maneuver, a conventional method for mobiliz-
ing the duodenum from the right side, was previously per-
formed during MIPD procedures at our institution during the
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introductory period. However, considering taking advantage
of the caudal view during MIS, once we found the proper
dissection layer of the anterior IVC surface, it was easy to
keep the layer and dissect the posterior layer of the pancreas
head without holding the duodenum. To date, there have
been few reports focusing on mobilizing the pancreas head
since Kocher’s maneuver is the standard procedure for both
open and MIS procedures. Mobilization of the duodenum
from the left side has advantages considering the benefits of
the caudal view. Moreover, the procedure is also effective in
OPD, especially if the tumor has invaded the duodenum such
that dissection from the right side is difficult.

We also showed a left-sided approach to the SMA. As
previously mentioned, a systematic review reported by
Nagakawa et al. suggested that the right-sided approach was
the most popular approach for dissection around the SMA
based on its reported frequency [9]. In a 2021 consensus
meeting held in Tokyo, 88% of the experts strongly recom-
mended that surgical trainees should understand the “right
approach” to the SMA when attempting an MIPD, which
suggests that the right approach is a “basic” approach to the
SMA [11]. During the introductory period, we applied the
right-sided approach to the SMA because most of the cases
were lean and had benign to low malignant tumors without
pancreatitis. Mesojejunum will be clearly identified even
from the right side in these patients. However, with expand-
ing the indication for MIPD, such as cases with PDAC and
obesity, it is difficult to complete an MIPD using only a
right-sided approach. It is difficult to identify the mesojeju-
num from the right side in these patients because of concom-
itant pancreatitis around the pancreas or thick mesojejunum.
An advantage of the left-sided approach includes a clear
view of mesenteric arteries, such as the 1st JA and 2nd JA.
If we expand the mesojejunum, we can clearly identify these
arteries. The severity of the pancreatitis is usually less on the
left side of SMA. If the left-sided approach was applied, the
root of the Ist JA and 2nd JA will be more easily identified
from the left side than from the right side. The procedure
has been frequently applied during OPD, and it is also useful
during MIPD procedures. Therefore, in addition to the right-
sided approach, we also combined the left-sided approach
for dissection around the SMA in several cases, especially in
PDAC cases. There were few reports regarding the left-sided
approach during MIPD procedures [7, 8, 12]. The approach
is also useful in RPD procedures.

In this report, we introduced mobilization of the duode-
num, complete dissection of the Treitz ligament, and SMA
approach from the left side. We consider our technique to
be a safe and useful option during MIPD procedures. While
there are several approaches to the SMA and each surgeon
and institute may have their favorite approach, no approach
is universal for all cases and surgeons do not need to com-
mit to one approach. In the consensus meeting, the experts
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mentioned that they choose each approach on a case-by-
case basis [11]. Surgeons should well understand various
approaches and combine approaches for each case to com-
plete MIPD procedures safely, as they may encounter some
trouble if they are only familiar with one approach. Since
we started MIPD, we performed MIPD safely. One of the
important points to consider is to establish a clear operation
view using the best approach.

In conclusion, the left-sided approach can be safely per-
formed and has the potential to be one of the standardized
approaches for completing MIPD procedures.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-023-10065-2.
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