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Background: Uncinate process dissection is a key step in minimally invasive pancreaticoduodenectomy
(MIPD), including laparoscopic and robotic procedures, which increase the intraoperative blood loss and
operative time and decrease the RO resection rate if improperly handled. However, few studies have reported
the operative skills in detail.

Methods: We performed uncinate process dissection using a combination of the anterior superior
mesenteric vein (SMV)-first approach and the right posterior superior mesenteric artery (SMA)-first
approach in MIPD for 138 patients with periampullary tumors between March 2017 and October 2019. The
demographic and perioperative data of all the patients were collected to evaluate the efficacy of this method.
Results: All patients underwent an uneventful operation. An assistant incision was performed to separate
extensive adhesion between the tumor and the SMV in 3 patients. The combined approach had a notably
shorter operation time and resection time, less intraoperative blood loss and a shorter postoperative hospital
stay than the traditional approach (P<0.05). There were no significant differences in conversion rate,
numbers of harvested lymph node or postoperative complications, including postoperative pancreatic fistula,
bile leakage, delayed gastric emptying, postoperative bleeding and reoperation between the two groups
(P>0.05). There were no deaths during the perioperative period.

Conclusions: The combination of the anterior SMV-first approach and the right posterior SMA-first

approach is a safe and feasible technique for uncinate process dissection in MIPD.
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Introduction summarizations of operative experience, minimally

Pancreaticoduodenectomy (PD) is the classic invasive pancreaticoduodenectomy (MIPD) methods,

procedure for periampullary tumors (1,2). With the
rapid developments and innovations in laparoscopic and robotic pancreaticoduodenectomy (RPD), have

technologies, improvements in surgical skills and proven feasible and safe for peri-ampullary tumors (3) and

including laparoscopic pancreaticoduodenectomy (LPD)
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Figure 1 Imaging examination of different morphologies of the uncinate process. (A) MRI shows a short and thin uncinate process with its

internal edge not reaching the left wall of the SMV. (B) CT shows a long and thick uncinate process with its internal edge exceeding the left

wall of the SMA. (C) MRI indicates a tumor (arrow) located at a long and thick uncinate process. (D) MRI indicates a tumor (arrow) located

at a short and thick uncinate process.

have been adapted as routine procedures in some high-
volume pancreatic centers (4-7). However, MIPD is not
routinely performed worldwide due to the steep learning
curve (8,9), the resultant serious complications and
doubts about the extent of curative resection, including
margin status and lymph node yield. Some critical steps
of MIPD, including uncinate process dissection (10)
and digestive reconstruction, especially laparoscopic
pancreaticojejunostomy (11,12), still confuse pancreatic
surgeons.

Uncinate process dissection indicates the separation
of the uncinate process from the superior mesenteric
vein (SMV), superior mesenteric artery (SMA) and
retroperitoneum. However, improper dissection of
the uncinate process may increase intraoperative
blood loss and operation time and decrease the RO
resection rate (13,14) in MIPD. First, uncinate process
dissection is a critical step, and it is generally the final
step in removing the specimen in most traditional open
pancreaticoduodenectomy (OPD) and MIPD. Uncinate
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process dissection can result in a palliative R2 resection
in cases of SMA involvement after the irreversible step of
dividing the pancreatic neck. Second, the difficulties of
uncinate process dissection are increased in some patients,
such as those with a long and thick uncinate process,
chronic pancreatitis with extensive adhesion, uncinate
process carcinoma or SMV involvement (15) (Figure 1).
Third, the rich blood flow of the uncinate process area is
supplied by the anastomotic arch, which is composed of
the inferior pancreaticoduodenal artery (IPDA) arising
from the SMA and the superior pancreaticoduodenal
artery (SPDA) arising from the gastroduodenal artery
(GDA). The arteries and the accompanying veins require
careful dissection and ligation. Fourth, some important
variable vessels, such as an aberrant right hepatic artery
(RHA) or common hepatic artery (CHA) arising from the
SMA, often course through this area and should be clearly
identified to prevent injury, which can result in severe
complications. However, few reports have described the
operative skills required for uncinate process dissection in

Gland Surg 2020;9(5):1396-1405 | http://dx.doi.org/10.21037/gs-20-228



1398 Lin et al. Combined approach for uncinate process dissection in MIPD

detail.

In the present study, we summarized a novel method
of uncinate process dissection in MIPD by combining
the anterior SMV-first and right posterior SMA-first
approaches. The technique showed obvious superiority and
was safe and feasible in MIPD. We present the following
article in accordance with the STROBE Reporting checklist
(available at http://dx.doi.org/10.21037/gs-20-228).

Methods
Patients

A total of 138 patients with periampullary tumors who
underwent MIPD with uncinate process dissection via
the combination of the anterior SMV-first and right
posterior SMA-first approaches were enrolled in this study
between March 2017 and October 2019. A single group
of experienced surgeons who have performed more than
200 LPD and 50 RPD procedures since December 2014
performed the operations. The demographic data (age, sex,
body mass index (BMI), American Society of Anesthesiology
(ASA) classification, tumor location and type of pathology)
and perioperative data (total operative time, resection
time, intraoperative blood loss, postoperative hospital stay
and postoperative complication) of all the patients were
collected and analyzed retrospectively. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). Approval from the institutional
review board was not required for this retrospective study.
Written informed consent was obtained from the patients
for publication of this manuscript and any accompanying
images.

Operative techniques

@ The gastrocolic ligament was divided to expose the
pancreas after exploration of the abdominal cavity to
exclude distant or implantation metastasis.

(II)  The separation was initiated via the anterior SMV-
first approach. The CHA and SMV were dissected
separately at the superior and inferior edges of the
pancreatic neck. The right gastric artery (RGA) and
GDA were ligated in sequence to expose the portal
vein (PV) behind the CHA. The posterior space
of the pancreatic neck was sufficiently separated
upwards in front of the PV and the SMV.

(IIT)  The separation then switched to the right posterior
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SMA-first approach. The hepatic flexure of the
colon was mobilized, followed by kocherization of
the duodenum. The right colic vein (RCV) and the
gastrocolic trunk (GCT) were divided at the root.
During the right posterior separation, the inferior
vena cava (IVQC), the left renal vein (LRV) and the
right genital vein were well protected, and the origin
of the SMA was dissected superior to the LRV in
front of the aorta (Figure 2A).

(IV)  After the determination of resectability by identifying
the PV-SMV and SMA, the distal stomach was
resected, the neck of the pancreas was divided
(Figure 2B), and the proximal jejunum was transected
and transposed behind the superior mesenteric
vessels to the right abdomen through the separated
tunnel.

(V) The SMA was further longitudinally dissected, and
the IPDA was ligated (Figure 2C). The first jejunal
artery (FJA) was preserved when the IPDA and FJA
had a common trunk. During the dissection of the
SMA, the right 180° periarterial connective tissue
was removed to achieve an RO resection, and the
uncinate process was dissected ventrally.

(VI) The uncinate process became thinner after the
separation via the right posterior approach, and
it was dissected cranially and dorsally via the
anterior approach (Figure 2D,E). The separation
moved to the combined approach by retracting
the duodenum and pancreatic head superolaterally
with a 45-60° clockwise rotation (Figure 2F,G). The
combined approach provided a clear direct view and
sufficient exposure when the uncinate process was
gradually separated from the SMV, the SMA and the
retroperitoneum. The superior pancreaticoduodenal
vein (SPDV) was ligated to achieve uncinate process
dissection (Video 1).

(VII) The gallbladder was resected, the common bile duct
was transected, and the specimen was removed with
en bloc resection (Figure 2H).

(VIII) Digestive construction was performed according
to the following sequence: pancreaticojejunostomy
with the duct-to-mucosa anastomosis method,
choledochojejunostomy and gastrointestinal
anastomosis.

Statistical analysis

The data are expressed as the mean = SD for continuous
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Figure 2 Operative skills of uncinate process dissection via the combined approach in MIPD. (A) Dissection of the CHA and ligation of
the GDA using the anterior SMV-first approach. (B) Dissection at the origin of the SMA using the right-posterior SMA-first approach. (C)
Division of pancreatic neck after the determination of tumor resectability. (D) Ligation of the IPDA during the right-posterior SMA-first
approach. (E) Dissection of the uncinate process from the SMV cranially and dorsally using the anterior SMA-first approach. (F,G) Separation
of the uncinate process using the combined approach, which simultaneously provided a clear and direct view of the SMA and the SMV. (H)
An overall view of important vessels after removal of the specimen. PV] portal vein; SMV, superior mesenteric vein; SMA, superior mesenteric

artery; CHA, common hepatic artery; GDA, gastroduodenal artery; IVC, inferior vena cava; LRV, left renal vein; CT, celiac trunk.
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Table 1 The demographic characteristics

Demographic data n
Patients 138
Age (years) 52.8+10.2
Gender

Male 63

Female 75
BMI (kg/m?) 23.3+1.8
ASA

| 91

Il 39

1 8
Tumor location

Pancreatic head 62

Ampullary 28

Duodenum 32

Distal common bile duct 16
Type of pathology

Benign 72

Malignant 66
Tumor size (cm) 2.6+1.0

BMI, body mass index; ASA, American Society of Anesthesiology.

variables and as proportions and frequencies for categorical
variables. Perioperative factors and postoperative
complications were compared between the two groups with
the Chi-square test, Fisher’s exact test and Student #-test.
A P value <0.05 was considered statistically significant.
Data were analyzed using SPSS version 20.0 (SPSS, Inc.,
Chicago, IL, USA).

Results

The demographic data of the patients are shown in
Table 1. A total of 138 patients were enrolled in this study,
including 63 males and 75 females with a mean age of
52.8+10.2 years. The mean BMI was 23.3+1.8 kg/m’. The
tumor was located at the pancreatic head in 62 patients,
the ampulla in 28 patients, the duodenum in 32 patients
and the distal common bile duct in 16 patients. There

were 72 patients with benign tumors and 66 patients with
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malignant tumors, with a mean tumor size of 2.61.0 cm.
The perioperative data of the patients are shown in 7able 2.
Ninety-six patients underwent LPD, and 42 patients
underwent RPD. All patients underwent an uneventful
operation. An assistant incision was performed to separate
extensive adhesion between the tumor and the SMV in 3
patients. There were no deaths during the perioperative
period.

To evaluate the efficacy of the combined approach
for MIPD, we introduced our first 65 MIPD cases using
the anterior SMV-first approach for comparison. The
results showed that the combined approach had a notably
shorter operation time (345.4+51.9 vs. 410.8+73.11 min)
and resection time (122.7+20.9 vs. 178.2+43.2 min),
less intraoperative blood loss (153.2£54.5 vs. 242.7«
186.4 mL) and a shorter postoperative hospital stay
(13.5£5.1 vs. 15.2+6.0 days) than the traditional approach
(P<0.05). The main reason may lie in the superiority of
combined approach. However, most of the operations
using the traditional approach were performed during the
learning curve, as reported 40 cases in several studies (3,9).
There were no significant differences in the conversion rate
(2.2% wvs. 7.7%), number of harvested lymph nodes (15.7+
3.2 vs. 14.95+£2.5) or postoperative complications, including
postoperative pancreatic fistula (16) (grade B + C, 12.3%
vs. 13.8%), bile leakage (1.4% vs. 4.6%), delayed gastric
emptying (3.8% vs. 3.1%), postoperative bleeding (3.6%
vs. 3.1%) and reoperation (1.9% vs. 3.1%) between the two
groups (P>0.05).

Discussion

MIPD has not been widely performed since it is associated
with increased risks of morbidity and mortality. Three
published randomized controlled trials (RCTs) have
compared the perioperative outcomes of LPD to OPD (17).
The PLOT trial showed that LPD had postoperative
complications and mortality rates comparable to those of
OPD but had a shorter postoperative hospital stay (18). The
PAUDALP trial showed that LPD had a lower morbidity
rate and CCI score than OPD and a remarkably shorter
postoperative hospital stay (19). However, the LEOPARD-2
trial was prematurely stopped due to concerns about a
higher 90-day mortality in the LPD group (20). However,
these three RCTs had some limitations, including a small
sample size (PLOT, 32 cases; PAUDALP, 32 cases; and
LEOPARD-2, 50 cases) and selection bias resulting
from the learning curve. A recent multicenter RCT (21)
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Table 2 The surgical outcomes and postoperative factors between the combined and traditional approaches for MIPD

Variables Combined approach, n=138 Traditional approach, n=65 P value
Total operative time (min) 345.4+51.9 410.8+73.11 <0.0001
Resection time (min) 122.7+20.9 178.2+43.2 <0.0001
Intraoperative blood loss (mL) 153.2+54.5 242.7+186.4 <0.0001
Conversions, n (%) 3(2.2%) 5(7.7%) 0.1137
Harvested lymph node, n 15.7+£3.2 14.95+2.5 0.1010
Postoperative hospital stay (days) 13.5+£5.1 15.2+6.0 0.0373
Postoperative complications, n (%)
Pancreatic fistula 17 (12.3%) 8 (13.8%) 0.7385
Grade B 15 (10.9%) 7 (10.8%)
Grade C 2 (1.4%) 2 (3.1%)
Bile leakage 2 (1.4%) 3 (4.6%) 0.3300
Delayed gastric emptying 6 (3.8%) 2 (3.1%) 1.0000
Postoperative bleeding 5 (3.6%) 2 (3.1%) 1.0000
Reoperation 3 (1.9%) 2 (3.1%) 0.6561

MIPD, minimally invasive pancreaticoduodenectomy.

(TJDBPSO01, NCT03138213) comparing the perioperative
outcomes of LPD vs. OPD was conducted in China from
May 2018 to December 2019. The study included 14 high-
volume pancreatic centers that had performed more than
100 LPDs (including our center). The results showed
that LPD had postoperative complication and mortality
rates comparable to those of OPD as well as a shorter
postoperative hospital stay (not published). Therefore,
MIPD is recommended to be performed in specialized
high-volume centers with experienced groups.

Dissection of the uncinate process is a critical step
in MIPD that increases intraoperative blood loss and
operative time and decreases the RO resection rate if
improperly handled. The development of a method for the
perfect dissection of the uncinate process in MIPD is of
great importance and should receive more attention from
most pancreatic surgeons. The current commonly used
approaches for uncinate process dissection mainly include
the SMV-first approach and the SMA-first approach,
and both approaches have their own advantages and
disadvantages.

The SMV-first approach refers to first identifying
the SMV, dissecting the CHA and its main branches and
separating the uncinate process from the SMA, SMV and
retroperitoneum using a caudal-to-cranial and ventral-to-

© Gland Surgery. All rights reserved.

dorsal technique. Consequently, we define the technique as
an anterior SMV-first approach to provide a more precise
description. Many pancreatic surgeons use this approach
in most OPD and MIPD procedures. In this approach, the
neck of the pancreas is divided, followed by the separation of
the uncinate process cranially and dorsally from the superior
mesenteric vessels and retroperitoneum. The superior and
inferior edges of the pancreas are dissected early to expose
important vessels, including the CHA, GDA and PV-SMV,
and to identify vascular variations, such as a variable CHA.
This approach also allows the early identification of PV-
SMV involvement during the separation of the posterior
space of the pancreatic neck. However, the anterior SMV-
first approach overemphasizes the early dissection of the
PV-SMYV and neglects the importance of early identification
of the SMA. Although tumor resectability is mainly
determined with preoperative imaging examinations,
including computed tomography (CT) and magnetic
resonance imaging (MRI), it is difficult to distinguish
adhesions or peripancreatic inflammatory “stranding” from
local tumor invasion in some patients, especially those who
have received neoadjuvant chemotherapy or neoadjuvant
chemoradiotherapy, using preoperative imaging (22,23).
Palliative resection is generally passively performed with
an R2 resection after the division of the pancreatic neck

Gland Surg 2020;9(5):1396-1405 | http://dx.doi.org/10.21037/gs-20-228



1402 Lin et al. Combined approach for uncinate process dissection in MIPD

without early determination of SMA involvement. In
addition, the ligation of draining veins without blocking
the blood supply to the pancreatic head is a priority in
aggravated regional congestion and increased intraoperative
blood loss during uncinate process dissection. For patients
with a long and thick uncinate process and those with
uncinate process carcinoma or PV-SMV involvement, it is
difficult to separate the uncinate process from the superior
mesenteric vessels and to remove the connective tissues to
the right 180° of the SMA to achieve an RO resection.

The SMA-first approach was first described by Pessaux
in 2006 (24) and emphasizes the early identification of
the SMA for the assessment of tumor resectability before
performing the irreversible step of pancreatic neck division.
This approach provides better exposure of the SMA for
the clearance of the right 180° of periarterial connective
tissues with an increased RO resection rate (25), early
ligation of the IPDA, and early identification of vascular
variations, such as a variable CHA or an RHA arising
from the SMA (26). This approach is associated with
a remarkable decrease in intraoperative blood loss and
operation time but shows no differences in perioperative
morbidity and mortality compared with standard PD (27).
Other studies showed a decreased local recurrence rate
and an increased survival rate (24) or a significant decrease
in perioperative morbidity and hospital stay (28) using an
SMA-first approach compared to standard PD. According
to the existing documents, the SMA-first approaches
mainly include six different approaches: the right posterior
approach, medial approach, anterior approach, superior
approach, left posterior approach and mesenteric approach
(14,29-32). The right posterior approach is easy to master
and is favored by many pancreatic surgeons (33). The right
posterior approach is especially suitable for MIPD because
of the coincidence of the operative approach and the
laparoscopic view. It is easy to separate the retroperitoneum,
locate the origin of the SMA superior to the LRV in front
of the aorta and clear the right 180° of the periarterial
connective tissue after mobilization of the hepatic flexure of
the colon and kocherization of the duodenum. Compared
to the right posterior approach, the left posterior approach
extensively dissects the SMA via the wide separation of
the retroperitoneum through Treiz’s ligament and clears
360° of periarterial connective tissue (34), which may
result in intractable diarrhea, and it is not recommended
in the NCCN clinical practice guidelines (35). The
superior approach, with its unique caudal-to-cranial view,
is unsuitable for MIPD, and it is difficult to expose a low
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origin of the SMA. The early division of the stomach and
pancreatic neck is generally performed for better exposure
of the SMA in the anterior approach (36,37). It is difficult
to expose a high origin of the SMA in the mesenteric
approach (32), and the medial uncinate approach identifies
the replaced RHA late in the procedure (38). However, with
the right posterior approach, it is difficult to dissect the
uncinate process before the division of the pancreatic neck
in patients with severe peripancreatic adhesion, uncinate
process carcinoma or PV-SMV involvement, and this
approach is also associated with delayed detection of the
CHA and PV-SMV.

Given the advantages and disadvantages of the anterior
SMV-first and right posterior SMA-first approaches, we
created a novel method for uncinate process dissection
in MIPD by combining the two approaches. Our
experience shows that the combined approach retains the
advantages of the two approaches while eliminating some
of their disadvantages. The following superiorities of our
approach were determined. First, blockade of the blood
supply to the pancreatic head is a priority. The arch of
the pancreaticoduodenal artery is the main blood supply
for the head of the pancreas, and it is composed of the
SPDA from the GDA and the IPDA from the SMA. The
former is divided during the separation using the anterior
SMV-first approach, and the latter is divided during the
separation using the right posterior SMA-first approach.
Additionally, the important vessel branches in the uncinate
process area are visualized clearly and easily identified and
ligated. Second, early and sufficient determination of tumor
resectability is an advantage. The PV-SMV is detected using
the anterior SMV-first approach, and the origin of the SMA
is detected using the right posterior SMA-first approach.
In cases of PV-SMV involvement, it is easy to perform vein
resection or reconstruction because the only adhesion is
between the tumor and vein after division of the pancreatic
neck and dissection of the uncinate process. Third, the
clear identification of vascular variations is an advantage.
Although thin-slice CT is helpful for identifying vascular
variations preoperatively, clear intraoperative identification
is more important for protecting variable vessels. Aberrant
hepatic artery is a common vascular variation in MIPD,
and it has a morbidity of approximately 25% (39) such as a
replaced RHA arising from the SMA. Using the combined
approach, the CHA and SMA are dissected early and
sufficiently, which significantly decreases the incidence of
important vessel injury. Fourth, the “no-touch” isolation
technique is an advantage. The peripancreatic vessels are
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ligated first, and pression or touch of the tumor is avoided
using the combined approach during surgery, which adheres
to the “no-touch” principle for tumors. Fifth, sufficient
exposure of the uncinate process is achieved. The combined
approach provides clear visualization of the uncinate process
and reduces the difficulty of uncinate process dissection.
The SMA is clearly identified, and it is easy to clear the
right 180° of the connective tissue of the SMA, which
increases the RO resection rate and decreases the risks of
local recurrence.

There are some limitations of the present study. This
study was a retrospective study instead of a prospective RCT
study, and it might be affected by bias. A single experienced
group performed the surgeries, but our department is a
high-volume center that has performed MIPD in more
than 200 cases. A multiple-center prospective RCT may
be needed in the future to further verify the efficacy of this

novel technique.

Conclusions

The anterior SMV-first approach combined with the
right posterior SMA-first approach is a safe and feasible
technique with obvious benefits for uncinate process
dissection in MIPD.
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