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Pancreatoduodenectomy combined with intestinal de-rotation
as a complete artery-first approach for inexperienced
surgeons

Yuji Morine M.D., Yu Saito M.D., Shinichiro Yamada M.D., Teraoku Hiroki M.D., Tetsuya lkemoto M.D.,
and Mitsuo Shimada M.D.

Department of Surgery, Institute of Biomedical Sciences, Tokushima University Graduate School, Tokushima 770-8503, Japan

Abstract : Background : Recent technical advances have reduced the incidence of intraoperative complications
associated with pancreatoduodenectomy (PD). We aimed to determine whether inexperienced surgeons (ISs)
would be as successful as experienced surgeons (ESs) when performing the complete artery-first approach us-
ing the intestinal de-rotation method of PD. Methods : Seventy patients who underwent PD using the intestinal
de-rotation method in Tokushima University Hospital were enrolled in the present study. Intra- and post-opera-
tive parameters were compared between patients operated on by ESs (n=20) or ISs (n=50). Results : The surgical
procedure lasted longer in the IS group (ES:402 + 68 min vs. IS:483 +£ 51 min, p<0.0001), but the volume of blood
loss was similar (p=0.7304). There was no mortality in either group, and the incidences of postoperative compli-
cations with a Clavien-Dindo grade of >III did not differ between the groups. Grade B postoperative pancreatic
fistulae developed in 20.0% of patients in the ES group and 22.0% in the IS group (p=0.9569). Finally, the postoper-
ative hospital stay of the IS group (32 + 33 days) was equivarent to that of the ES group (33 + 16 days) (p=0.9256).
Conclusion : ISs were able to perform similarly successful PDs using the intestinal de-rotation method to ESs. J.

Med. Invest. 71:75-81, February, 2024
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INTRODUCTION

Recent advances in the surgical techniques available for pan-
creatoduodenectomy (PD), including the use of vessel sealing
devices and preoperative three-dimensional simulations or in-
traoperative real-time navigation methods have contributed to a
higher incidence of tumor-negative surgical margins and a lower
incidence of intraoperative hemorrhage (1-4). However, PD is still
considered to be highly invasive and technically difficult, partic-
ularly for inexperienced surgeons (ISs), and can be associated
with massive intraoperative hemorrhage during the dissection of
the pancreatic head from the superior mesenteric artery (SMA)
and the portal system.

To avoid this intraoperative complication, an artery-first
approach has evolved through means of multi-directional ap-
proaches to the early separation of the peri-pancreatic feeding
arteries from the SMA (5, 6). This approach allows the deter-
mination of whether the tumor can be resected from the SMA
with a clear surgical margin or whether the SMA is inseparable
from the tumor, rendering it unresectable, prior to the surgery
reaching an irreversible stage. The artery-first approaches used
to date can be summarized as superior, anterior, posterior, left
posterior, right/medial uncinate, and mesenteric (5-16). Most of
these approaches are designed to facilitate the early separation
of the inferior pancreato-duodenal artery (IPDA), which is the
principal pancreatic artery arising from the SMA. However, the

exposure of multiple peripancreatic feeding arteries is technical-
ly challenging, particularly for ISs, because the IPDA and the
first-second jejunal arteries arise from the posterior surface of
the SMA in a location that is difficult to surgically access.

The original intestinal de-rotation method was described by
Sugiyama and was used to simplify the anatomical situation
around the SMA and superior mesenteric vein (SMV) (17). The
method involves the elimination of the 270° counter-clockwise
rotation of the small intestine around the SMA. The biggest
advantage of this method is that by moving the SMA to the right
and posterior to the SMV, a flat mesenteric plane can be estab-
lished along the right side of the SMA. This method basically
represents a subtype of the right/medial uncinete approach and
is intended to permit easy manipulation of the IPDA and some
of the jejunal arteries.

We have modified the original method with the aim of devel-
oping a complete artery-first approach. The modified version
consists of a two-step procedure : the first step replicates the
original intestinal de-rotation method, and the second step
involves a switch to the posterior approach to separate all the
superior feeding arteries from the SMA after the IPDA and first
jejunal artery (J1a) have been manipulated. Because of the com-
plexity of this procedure, in the present study, we aimed to deter-
mine whether the intestinal de-rotation method for PD would be
as successful in the hands of ISs as it is in those of experienced
surgeons (ESs).
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perienced surgeons ; SMA : superior mesenteric artery ; SMV : su-
perior mesenteric vein ; IPDA : inferior pancreatoduodenal
artery ; IPDV : inferior pancreatoduodenal vein ; J1a: first jejunal
artery ; J1v : first jejunal vein ; PV : portal vein ; CHA : common he-
patic artery ; GDA : gastroduodenal artery ; SD : standard deviation
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MATERIAL AND METHODS

Surgical procedure

We performed a subtotal stomach-preserving PDs to remove
tumors located close to the head of the pancreas and lower bile
duct in the patients. An upper midline abdominal incision was
performed, then the intestine was de-rotated as previously de-
scribed (17) (Fig. 1). Duodenal mobilization was performed, and
the distal half of the duodenum was reflected. The right-sided
colon was mobilized along the fusion fissure and the ileocecal
area was completely dissected toward the Treiz ligament, along
the left side of the small intestinal mesentery. Then, the lesser
sac was entered and the anterior surface of the SMV was iden-
tified along the lower aspect of the head of the pancreas. After
the division of the Treiz ligament, the duodenum, distal small
intestine, and right-sided colon were rotated clockwise around
the axis of the SMA. This rotation linearizes the intestine from
the second quarter of the duodenum to the jejunum and positions
the SMA to the right of the SMV (Fig. 2). As a consequence, a
flat mesenteric plane is established along the right side of the
SMA without any substantial traction being necessary, and the
involvement of the SMA in the tumor can be easily checked.

Subsequently, the upper jejunum was transected and the

Figure 1. The de-rotation procedure

mesentery was incised toward the SMA. The common root of the
IPDA and J1a could then be easily dissected and separated from
the SMA, because they could be directly visualized (Fig. 3). The
SMA nerve plexus was dissected as required, according to the
extent of the tumor. In addition, the first jejunal vein (J1v), in-
cluding the inferior pancreato-duodenal vein (IPDV), could also
be manipulated via this approach. After the division of the IPDA
and J1a, the resection line was extended toward a caudal direc-
tion of SMA using a right posterior approach. Subsequently, all
the arteries originating from the SMA were separated, as part of
the complete artery-first approach, and the head of the pancreas
was separated from the SMA (dissection of pancreatic head plex-
us I and II), while confirming the dorsal side of SMV and portal
vein (PV) (Fig. 4). The posterior part of the head of the pancreas
could then be completely separated from the SMA. In this way
the surgeon could avoid the “point of no return” associated with
the standard procedure and instead identify whether the tumors
were non-resectable at an early stage of the procedure.

Next, the hepatoduodenal ligament was dissected, skeleton-
ization of the hepatic artery and PV was performed, and the
gallbladder and common bile duct were isolated. The common
hepatic artery (CHA) was dissected as far as the celiac trunk,
and the gastroduodenal artery was separated, after confirming

This consisted of five components, as follows : (1 Kocker’'s maneuver, (2) Mobilization of the right-sided
colon and dissection of the attachment of the small intestinal mesentery, @ Division of the Treiz ligament,
@ Clockwise rotation of the mesentery around the SMA axis, and (&) Linearization of the gut from the
duodenum to upper jejunum.
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Figure 2. Linearization of the duodenum and upper jejunum reveals the SMA to the right of the SMV
A resection line along the first jejunal artery can be easily established.
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Figure 3. After the separation of the upper jejunum and mesentery, the root of the IPDA and J1a can

be directly visualized
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Figure 4. A posterior view, showing all the superior feeding arteries, separated along the resection line

from the SMA

The SMA nerve plexus is dissected if it is involved in the tumor.

hepatic arterial flow by clamping. The stomach was divided
using a stapler device.

For the next step, the right posterior approach was used once
again ; the posterior part of the head of the pancreas was sepa-
rated from the SMV, without dividing the pancreatic neck (Fig.
5). If the portal venous system was involved in the tumor, the
affected portion of the vein was swiftly resected, then an end-
to-end anastomosis was performed. At this stage, PD using the
intestinal de-rotation method could be safely performed, after
which the intestine was restored to its preoperative position
and orientation. The right colon and mesentery of the small
intestine were then anchored to the retroperitoneum using sev-
eral sutures and the digestive system was constructed using a
modified version of Child’s procedure. For the end-to-side anasto-
motic pancreatico-jejunostomy, the modified Kakita or modified
Blumgart anastomosis was performed, with the placement of
an internal pancreatic ductal drainage stent (18, 19), and an
end-to-side hepaticojejunostomy was performed approximately
15 cm distal to the site of the pancreatico-jejunostomy using a
single layer of continuous sutures with absorvable suture. The
end-to-side anastomotic gastro-jejunostomy was performed via
an ante-colic approach using an Albert-Lembert anastomosis,
and the side-to-side jejuno-jejunostomy (Brawn’s anastomosis)
was performed between approximately 40 cm distal to the site of
the hepaticojejunostomy and approximately 15 cm distal to the

site of the gastro-jejunostomy, using an Albert-Lembert anasto-
mosis. After careful hemostasis, the dorsal aspect of the pancre-
atojejunostomy site was covered with the greater omentum. Two
closed drains were individually placed on the ventral aspect of
the pancreatojejunostomy site and in the right retroperitoneal
space.

€
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Figure 5. Final posterior view showing the complete separation

of the head of the pancreas and duodenum from the SMA and SMV,
without the separation of the neck of the pancreas
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Patients

Seventy patients who underwent pancreatoduodenectomy with
the intestinal de-rotation method between June 2014 and June
2018 in Tokushima University Hospital were retrospectively
enrolled in the study. Patients who had undergone hepatobiliary
surgery prior to the PD were excluded. All the patients had un-
dergone RO resections. This study was conducted in accordance
with the tenets of the Declaration of Helsinki, and approved by
the Institutional Review Board of the University of Tokushima
Graduate School authorized (approved no. : 3215) and also, all
the patients provided their written informed consent.

The participants comprised 38 male and 32 female with a
mean age of 70.7 years (range 20—86 years). The patients were
allocated to an ES group if their surgery had been performed by
a surgeon who was certified by the Japanese Society of Hepa-
to-Biliary-Pancreatic Surgery, or to an IS group if their surgery
had been performed by a surgeon with <12 years’ experience of
general surgery. We retrospectively compared data relating to
pre- and intra-operative factors and postoperative complications
between these two groups.

Postoperative complications were categorized using the Cla-
vien-Dindo scale. Postoperative pancreatic fistula (POPF) was
defined using the International Study Group of Pancreatic Fis-
tula criteria and delayed gastric emptying was defined using the
International Study Group of Pancreatic Surgery criteria.

Table 1. Patient characteristics and intraoperative factors

Statistics

Statistical analyses were performed using JMP 11.2.0. soft-
ware (SAS, Campus Drive, Cary, NC, USA). Data are presented
as the mean + standard deviation (SD). The relationships be-
tween the group and clinicopathological variables were analysed
using the Mann—Whitney U-test or Fisher’s exact test. Statisti-
cal significance was accepted when p<0.05.

RESULTS
Patient characteristics and intraoperative outcomes

ISs performed the surgery using the de-rotation method in 50
patients (71.4%). Table 1 shows a comparison of the clinicopath-
ological characteristics of the patients and the intraoperative
outcomes, according to the experience of the surgeon. No signifi-
cant difference between the ES and IS groups was observed with
respect to the general status of the patients, including the body
mass index (BMI) of the patients. The type of tumor of the head
of the pancreas and the surgical indications were similar in the
two groups.

Regarding the intraoperative outcomes, six patients in the ES
group (12.0%) underwent combined portal vein resection, which
was not significantly different to the IS group (p=0.7348). The
durations of surgery in the ES and IS groups were 402 + 68 min

Factors Eélsl iT;(l)l)p I(i g:'rggi) p value
Patient characteristics
Age Mean + SD (year) 72.0+9.8 70.2+10.8 0.5367
Gender Male / Female 10/10 28/22 0.6489
BMI Mean + SD 22.0+3.2 22.2+3.1 0.7782
Diabetes mellitus -1+ 15/5 33/17 0.4637
Serum albumin levels Mean + SD (g/dl) 3.6+0.6 3.7+0.5 0.3536
Serum total bilirubin levels Mean + SD (mg/dl) 22+34 14+1.4 0.1746
Preoperative biliary drainage -+ 7/13 23127 0.4008
Disease Malignant / Benign 16/3 18/4 0.8391
Type of tumor Pancreas cancer 8 21 0.6487
Biliary cancer 8 8
Duodenal cancer 0 2
IPMN 0 5
NET 1 3
Metastatic tumor 1 2
Benign disease 2 2
Preoperative chemotherapy -1+ 17/3 45/5 0.5525
Intraoperative outcomes
Portal vein resection -1+ 17/3 441/6 0.7348
Operative time Mean + SD (min) 402 + 68 483+ 51 <0.0001
Blood loss Mean + SD (min) 252+ 190 269 + 188 0.7304
Pancreas state Hard / Soft 8/12 18/32 0.7544
Main pancreatic duct Mean + SD (mm) 3.5+1.2 4.4+20 0.0614
Pancreaticoduodenectomy Kakita / Blumgart 15/5 37/13 0.9311
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and 483 + 51 min ; thus, surgery was significantly longer in the
IS group (p<0.0001). Meanwhile, the blood loss was similar in
the two groups (p=0.6584). The state of the pancreas (hard or
soft) was similar in the two groups. The main pancreatic duct in
the ES and IS groups were 3.5+ 1.2 mm and 4.4+ 2.0 mm, and
tended to be thick in the IS group (p=0.0614). Finally, there were
no critical events or accidents during surgery in either groups.

Postoperative course and complications

There was no mortality during the present study, and the inci-
dence of postoperative complications, which was defined as a Cla-
vien-Dindo grade of >III, did not differ between the two groups.
POPF was a major cause of postoperative complications, and
Grade B pancreatic fistulae developed in four patients (20.0%) in
the ES group and four patients (22.0%) in the IS group, and there
was no significant difference in incidence between the groups.
Two patient in the both ES and IS groups developed intra-ab-
dominal abscess. Two patients in the IS group, intra-abdominal
hemorrhage was provoked. The postoperative hospital stay of the
IS group (32 + 33 days) was similar compared to that of the ES
group (33 + 16 days) (p=0.9256).

DISCUSSION

In the present study, we have used the intestinal de-rotation
method when performing PD, which involved the use of both
right/medial uncinete and posterior approaches after 270°
counter-clockwise rotation of the small intestine around the
SMA axis. The advantage of this method is that the SMA,
SMYV, and some of the branching jejunal vessels can be visual-
ized in a single plane by linearizing the duodenum. As further
consequences, a resection line along the first jejunal artery can
be easily established and the root of the IPDA can be directly
visualized. Subsequently, we used the posterior approach for the
separation of all the superior feeding arteries from the SMA.
The use of this method permitted us to easily achieve a complete
artery-first approach for the SMA during PD, and the method
was suitable for ISs. Indeed, we found no significant differences

Table 2. Postoperative course and complications
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in the peri-operative outcomes or the quality of the surgery, ex-
cept for operative time, between patients who were operated on
by ESs or ISs.

Several previous reports have asserted the superiority of the
artery-first approach (5, 6), and two recent meta-analyses have
demonstrated that the artery-first approach to PD may be asso-
ciated with superior perioperative outcomes, including intraop-
erative blood loss, the incidence of Grade B/C pancreatic fistula,
and the duration of the postoperative hospital stay, compared
with alternative approaches (20, 21). Furthermore, the good
surgical outcomes and RO resectability improve the patients’
long-term prognosis. Therefore, artery-first approaches have
become standard for PD.

Six types of artery-first approach to PD can be defined : the
superior, anterior, posterior, left posterior, right/medial unci-
nate, and mesenteric approaches. Five of these, not includng
the superior approach, aim to isolate the IPDA at an early stage
of the procedure. For instance, the mesenteric approach, which
was first proposed by Nakao and is becoming the standard
artery-first approach for tumors of the head of the pancreas in
Japan, involves the initial isolation of the SMA and SMV at the
base of the transverse mesocolon, before the mobilization of the
head of the pancreas, and permits the ready and early dissection
of the right lateral border of the SMA (22). However, the IPDA
and first-second jejunal arteries often share a common trunk
and arise from the posterior surface of the SMA within a rel-
atively narrow working space. Therefore, the exposure of these
multiple peripancreatic feeding arteries is technically difficult
and challenging for ISs, especially in patients in whom the IPDA
arises from the caudal site of SMA. Other artery-first approach-
es are associated with similar difficulties because of a restricted
view of the SMA.

In the present study, we have reviewed the use of the intesti-
nal de-rotation method and shown how the technical difficulties
of the artery-first approach to PD can be reduced for ISs using
this method. It permits easier manipulation of the root of the
IPDA, IPDV, and some branching jejunal vessels that connect to
the SMA and SMV by providing a wide, flat surgical field that
can be viewed directly. Because of this, ESs can readily provide

ES group IS group

Factors (n=19) (n=29) p value
Clavien dindo >III -1+ 16/4 36/14 0.4890
Clavien dindo Grade I 0 3 0.5641

Grade IT 4 5

Grade IIla 4 13

Grade IITb 0 1

Grade IV 0 0

Grade V 0 0
POPF None/A/B 15/1/4 36/3/11 0.9659
Delayed gastric empty -1+ 20/0 47/3 0.2628
Intra-abdominal abscess -1+ 18/2 48/2 0.3286
Intra-abdominal hemorrhage -+ 20/0 48/2 0.3642
Liver abscess -+ 20/0 49/1 0.5241
Chylous ascites -+ 19/1 46/4 0.6597
Postoperative hospital stay Mean + SD (day) 33+16 32+33 0.9256
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support for ISs, who can obtain safe and stable peri-operative
outcomes using this method, while operative time was somewhat
prolonged.

The present study had several limitations. It was retrospective
and relatively small ; therefore there may be some bias in the
outcomes. However, we were able to demonstrate that intestinal
de-rotation may represent a useful artery-first approach to PD. A
larger, prospective randomized trial should be conducted in the
future to confirm these findings.
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