How to implement minimally invasive duodenum-
preserving total pancreatic head resection for
patients with pancreatic head lesions

A retrospective study

Xueqing Liu, MD?, Zixuan Hu, MM2{2, Xinbo Zhou, MM#, Jianzhang Qin, MD#, Zhonggiang Xing, MM2,
Yunfei Liang, MM?3, Jiayue Duan, MM#, Jia Liu, MD®, Jianhua Liu, MD#*

Abstract

Laparoscopic duodenum-preserving pancreatic head resection (LDPPHR) has been widely reported. However, due tob
challenges involved in performing total pancreatic head resection during operation, there are few studies reporting it. Between
November 2016 and October 2022, we performed laparoscopic duodenum-preserving total pancreatic head resection (LDPPHRY)
on 64 patients in the Department of Hepatobiliary Surgery, the Second Hospital of Hebei Medical University. Perioperative data
of the patients such as age, gender, body mass index, operation time, blood loss, and postoperative hospital stay were collected
and analyzed. This study included 40 women and 24 men aged 41.4 + 15.7 years. All patients completed the surgery, and none
of the patients underwent laparotomy. The average operation time was 275 (255, 310) min. The average postoperative hospital
stay was 12 (10, 16) days. The rate of occurrence of pancreatic fistula was 10.9% (7/64), and that of the biliary fistula was 9.4%
(6/64). One of the patients underwent cholangiojejunostomy 3 months after the operation due to painless jaundice and bile duct
dilatation. By dissecting the space between the pancreatic head and duodenum, the posterior pancreatic duodenal arterial arch
and the surface vascular network of the common bile duct (CBD) can be preserved. This ensures the success of LDPPHRt and
avoids postoperative complications in the absence of intraoperative image guidance.

Abbreviations: CBD = common bile duct, CP = chronic pancreatitis, DPPHR = duodenum-preserving pancreatic head
resection, IPMN = intraductal papillary mucinous neoplasia, LDPPHRt = laparoscopic duodenum-preserving total pancreatic head

resection, MPD = main pancreatic duct, PD = pancreaticoduodenectomy, PJ = pancreaticojejunostomy.
Keywords: duodenum-preserving, laparoscopic, total pancreatic head resection

1. Introduction

The duodenum-preserving pancreatic head resection (DPPHR), first
proposed by Professor Beger in 1972, is the standard surgical proce-
dure for treating benign lesions of the pancreatic head.” This operation
ensures the integrity of the common bile duct (CBD) and duodenum
and the hormone secreting hormone function of the duodenum while
treating pancreatic head lesions” However, to avoid postoperative isch-
emic necrosis of the duodenum and CBD, part of the pancreatic tissue
is left in the head of the pancreas to ensure blood supply, which also
increases the risk of postoperative pancreatic fistula.

Previous study® that investigated duodenal blood supply
arteries showed that blood supply to duodenum and CBD
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could be guaranteed if the integrity of the posterior pancreati-
coduodenal arterial arch was preserved. This study provided
a theoretical basis for the complete resection of the pancre-
atic head. However, some surgeons® worried that excessive
removal of pancreatic tissue might damage the integrity of
the vascular arch and thus chose to retain a small quantity of
pancreatic tissue. To minimize the risk of pancreatic fistula,
our center chose to remove the total pancreas from the lateral
wall of the CBD and the medial side of the duodenal ring.
Additionally, to avoid the large abdominal incision caused
by open surgery and reduce postoperative hospital stay, all
patients in this study underwent laparoscopic duodenum-pre-
serving total pancreatic head resection (LDPPHRt). Previous
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studies!”® have shown that laparoscopic surgery can reduce
the incidence of complications compared with open surgery.
By taking advantage of laparoscopic amplification, we can
ensure the integrity of the vascular arch and reduce intraoper-
ative blood loss. In this study we sought to investigate whether
LDPPHRt could be safely performed without intraoperative
fluorescence image guidance.

2. Material and methods

Between November 2016 and October 2022, we performed
LDPPHRt on 64 patients (Fig. 1) in the Department of
Hepatobiliary Surgery, the Second Hospital of Hebei Medical
University. The perioperative data of patients such as age, gen-
der, body mass index, operation time, blood loss, and dura-
tion of postoperative hospital stay were collected and analyzed.
Written informed consent to participate was waived for its
retrospective nature, and the patient data was deidentified
to protect their privacy. The Ethics Committee of the Second
Hospital of Hebei Medical University approved this study
(No.2022-P031).

The following were the inclusion criteria: Preoperative CT
or MRI showed benign lesions in the pancreatic head, with a
large tumor bed or close association with the main pancreatic
duct (MPD); presence of obvious symptoms, such as jaundice,
abdominal pain, etc; This operation was performed for intra-
ductal papillary mucinous neoplasia (IPMN) of the main duct
type. The following were the exclusion criteria: patients who
switched to laparotomy and patients with intraoperative freez-
ing pathology with cancerous changes.

2.1. Surgical procedures

After successful anesthesia, the patient was placed in a supine
position with legs separated and head elevated. The 5 trocars
were distributed in V-shape, with the center 1 cm below the
umbilicus. The surgeon and the assistant stood on the right
and left side of the patient, respectively, with the scope assistant
standing between the legs. After a comprehensive abdominal
exploration for potential abnormalities, an ultrasonic scalpel
was used to disconnect the gastrocolic ligament to the right
fusion fascia. Then the hepatic flexure of the colon was low-
ered to fully expose the pancreatic neck, head, and uncinate.
Following this, the Kocher maneuver was not performed when
freeing the duodenal peritoneum to protect the posterior pan-
creaticoduodenal vascular arch. The right gastroepiploic vein,
right colonic vein, Henle trunk, and branches were isolated
(Fig. 2A). Moreover, the superior mesenteric vein was exposed
at the lower margin of the pancreas and the post-pancreatic
neck tunnel was made. Then the pancreatic neck was cut off
with an ultrasonic scalpel 1 cm away from the tumor, and the
MPD was cut off with a scissor.

| 71 patients eligible for LDPPHRt |

Intraoperative Decision of
Lap-EN (n=6)

| 65 patients |

Intraoperative Decision of
LPD (n=1)

The Population Study
64 patients

Figure 1. Patients selection for the study. Lap-EN = laparoscopic enucle-
ation, LDPPHRt = laparoscopic duodenum-preserving total pancreatic head
resection.

After the pancreatic neck was severed, the total head was grad-
ually removed from the lower left to the front of upper right. The
Henle trunk was then sutured, but in some patients, the gastric
pancreatic trunk (Fig. 2B) was disconnected and the right colon
vein was retained. The connective tissue between the pancreas
and duodenum and posterior pancreaticoduodenal arterial arch
was isolated against the pancreas (Fig. 2C-F). Then disconnect
the branches of the arterial arch to the pancreas and protect the
integrity of the posterior pancreaticoduodenal arterial arch. The
ampulla and MPD near the duodenal papilla were carefully iden-
tified and then the MPD was sutured (Fig. 2E). Dissect the CBD
upward, and find the CBD in combination with the pancreatic
segment and the posterior segment of the duodenum if necessary.
When the CBD was free, the surrounding pancreas was removed
along the left and dorsal walls of the CBD (Fig. 2G). Therefore,
the CBD and its surface vascular network could be fully pre-
served. Finally, the total pancreatic head was wholly resected
(Fig. 2H), and the pancreatic stump was sent to the intraopera-
tive frozen pathology. Based on the pathological results, decide
whether to perform laparoscopic pancreatoduodenectomy (LPD)
or not. During the operation, the Hem-o-lock should be reduced
as much as possible, and sutures should be adopted to avoid
bleeding after falling off of the clip due to improper operation.
After the specimen was removed, the operative area was care-
fully irrigated, and then the CBD and duodenum were observed
for blood disorders. Then the gauze was placed on the surface of
the CBD to observe whether biliary fistula occurred.

For digestive tract reconstruction, the specimen was resected and
one end of a pancreatic drainage tube with appropriate diameter
and length was placed into the MPD by 4 cm. The 4-0 absorbable
suture was used to suture the pancreas, the MPD and the pancre-
atic drainage tube, and the knot was fixed beside the drainage tube
(Fig. 2I). Then a hole was drilled 10cm away from the stump of
jejunum or the posterior wall of the stomach, and the diameter of
the hole was like that of the pancreatic drainage tube. Then the
purse-string suturing was performed around the hole with a 4-0
absorbable suture without tying knots. After placing the other end
of the pancreatic drainage tube into the intestinal cavity or stomach
cavity, the purse-string suture was tightened and tied for fixation.
Finally, the ventral and dorsal sides of the pancreas and the serous
layer of the digestive tract were continuously sutured with absorb-
able sutures. When suturing, the sutures did not penetrate the entire
layer of the digestive tract wall, and thus the reconstruction of the
digestive tract was completed.

Finally, the surgical area was rinsed and drainage tubes were
placed at the pancreatic anastomosis and the original pancreatic
head area. Then it was again observed whether there was isch-
emic necrosis in the CBD and duodenum.

2.2. Follow-up and statistical analyses

In this study, we adopted telephone or outpatient follow-up
and asked the patients to check the upper abdomen Contrast
Enhanced Computed Tomography and tumor markers 3 months
after discharge. SPSS 26.0 software were used to analyze data.
The normal distribution measurement data is expressed as (X*s),
and the skewed distribution measurement data is expressed as

M (Q1, Q3)].

3. Results

The preoperative data of patients in this study are shown in Table 1.
This study included 40 females and 24 males, aged 41.4 + 15.7
years, with a body mass index of 22.9 (21.5, 24.5) kg/m*

Intraoperative data are presented in Table 2. All patients
completed the operation without conversion to laparotomy. The
average operation time was 275 (255, 310) min, the average
intraoperative blood loss was 200 (100, 300) mL, and 5 patients
required blood transfusion.



Figure 2. (A) The IPDV flows into the SMV. (B) Suture the GPT. (C) Close to pancreas when free the PIPDA. (D) The PSPDA can be seen behind the CBD. (E)
Confirm ampulla and suture the MPD. (F) The posterior pancreatic fascia and the posterior pancreaticoduodenal arterial arch retain their integrity after the total
head of the pancreas is removed. (G) There is no residual pancreatic tissue behind the CBD. (H) There was no residual pancreas in the medial duodenum and
lateral wall of the CBD. (I) Hong PJ. CBD = common bile duct, GPT = gastric pancreatic trunk, IPDV = inferior pancreaticoduodenal vein, MPD = main pancreatic
duct, PJ = pancreaticojejunostomy, PIPDA = posterior inferior pancreaticoduodenal artery, PSPDA = posterior superior pancreaticoduodenal artery, PV = portal

vein, SMV = superior mesenteric vein.

Preoperative characteristics.

Characteristics Value
Sex
Male: female 24:40
Age, yr 414+ 157
BMI, kg/m? 22.9 (21.5, 24.5)
Comorbidity
Post-appendectomy 1
Hypertension 7
Diabetes 4
Cerebral infarction 1
BMI = body mass index.
Table 2
Intraoperative indicators.
Indicators Value
Time, min 275 (255, 310)
Blood loss, mL 200 (100, 300)
Transfusion requirement (n, %) 5,7.8%
Negative margin 64
Conversion 0

Table 3 lists the indicators of postoperative patient recov-
ery. There were no perioperative deaths and duodenal ischemia
in this study. The average postoperative hospital stay was 12
(10,16) days, and the average postoperative gastrointestinal

function recovery time was 48 (24-96) hours. The median lon-
gest tumor diameter was 6.5cm, ranging from 1.2 to 11 cm.
The pancreatic fistula rate was 10.9% (7/64). Five patients with
grade B fistula improved after adequate drainage and soma-
tostatin treatment. Two patients with grade C fistula underwent
laparoscopic hemostasis due to abdominal hemorrhage. One
case with pancreatic wound hemorrhage showed improvement
after conservative treatment. The biliary fistula rate was 9.4%
(6/64), of which 3 cases were cured after implantation of a cho-
ledochal stent, and 3 cases showed improvement after complete
drainage. The postoperative pathologic diagnosis included 22
cases of solid pseudopapillary tumors, 15 cases of IPMN, 9
cases of serous cystic cystadenoma, 8 cases of mucinous cystad-
enoma, 7 cases of pancreatic neuroendocrine tumors, 1 case of
the true pancreatic cyst, 1 case of the calcified nodule, and 1 case
of hemangioma.

The long-term complications were as follows: 1 patient was
diagnosed with biliary fistula 12 days after the operation, which
improved after choledochal stent placement. However, cholan-
giojejunostomy was performed 3 months after the operation due
to painless jaundice and bile duct dilatation. Two patients devel-
oped diarrhea with weight loss after LDPPHRt and improved
after pancreatic enzyme supplementation.

4. Discussion

Traditional DPPHR does not remove the stomach, duodenum,
and CBD, avoiding the complications such as cholangitis-intes-
tinal anastomotic stricture, and internal and external secretion
dysfunction after digestive tract reconstruction. The key to suc-
cess of the DPPHR is to ensure an intact blood supply to the
duodenum and CBD and avoid ischemic necrosis. To this end,



Table 3

Postoperative characteristics.

Indicators Value
Complication
Biliary fistula (n, %) 6, 9.4%
Pancreatic fistula (n, %)
Biochemical fistula 6, 9.4%
Grade B 5,7.8%
Grade C 2,31%
Abdominal bleeding (n, %) 1,1.6%
Duodenal necrosis (n, %) 0
CBD stenosis (n, %) 1,1.6%
Recovery of gastrointestinal function, h 48(range, 24-96)
Postoperative hospital stays, d 12(10, 16)
90-d mortality 0
RO 64
Pathology
SPT 22
IPMN 15
Serous cystadenoma 9
Mucinous cystadenoma 8
PNET 7
TPC, calcified nodule, hemangioma 111
Tumor size, cm 6.5 (range, 1.2-11)

CBD = common hile duct, IPMN = intraductal papillary mucinous neoplasia, PNET = pancreatic
neuroendocrine tumors, SPT = solid pseudopapillary tumors, TPC = true pancreatic cyst.

Professor Beger!” chose to preserve the pancreas with a thick-
ness of about 0.5 cm behind the CBD and at the medial margin
of the duodenum. However, secretion from the residual pan-
creas can significantly increase the probability of postoperative
pancreatic fistula. Therefore, some scholars® tried to uncover
the CBD and completely remove the pancreas inside the duode-
nal ring to ensure the integrity of the posterior pancreaticoduo-
denal vascular arch.

DPPHR was initially used clinically to treat inflammatory
masses in the pancreas caused by chronic pancreatitis (CP).1
Later, it was extended to benign and low-grade malignancies
such as IPMN, solid pseudopapillary tumors, and pancre-
atic neuroendocrine tumors. In the past, the classical surgical
method for treating these diseases was pancreaticoduodenec-
tomy (PD).'! However, PD involves a significant number of
excised organs and complex digestive tract reconstruction.
DPPHR is an organ-preserving surgery with minor surgical
trauma. It has obvious advantages over classical PD in short-
ening hospital stay, rapid recovery and preserving the internal
and external secretory function of pancreas.'? Moreover, it
improves the long-term prognosis of patients in comparison to
PD.I"81 However, in patients with CP, the inflammatory reaction
of the tissues around the pancreatic head results in heavy tissue
adhesion and unclear anatomical level. To avoid long operation
time and intraoperative accidental injury, our department tem-
porarily did not take CP as the surgical indication of LDPPHRt.
In addition, although the pathological diagnosis could be con-
firmed by preoperative puncture, we did not routinely perform
preoperative endoscopic ultrasonography-guided fine needle
aspiration, as the puncture could cause inflammation in the pan-
creatic head and thus complicate the surgery.

The distal CBD and the Vater ampulla are mainly supplied
by the posterior superior pancreaticoduodenal artery and its
branches. Therefore, preserving the posterior arterial arch
during the operation is necessary to ensure the blood supply./*
In this study, our department performed LDPPHRt from left to
right and from bottom to top. Preservation of the posterior arte-
rial arch was mainly achieved by operating close to the pancreas
and disconnecting the branch vessels to the pancreas without
overexposure of the posterior arterial arch and making a Kocher
maneuver. Although Professor Wang!*® believed that there were

Figure 3. Variable diameter measurable pancreatic duct. The pipe diameter
gradually becomes thinner along the arrow direction.

no perforating vessels from the retroperitoneum to supply the
duodenum, the arterial branches supplying the duodenum were
accompanied by veins. Even if the duodenal peritoneum were
incised, the intestinal wall blood return would not be affected.
However, avoiding Kocher maneuver is still the consensus of
most scholars.®1%7] In the case of intraoperative bleeding, we
first chose compression to stop bleeding to avoid blood vessel
damage due to unclear vision.

According to the position relationship between the CBD and
pancreas, CBD is divided into the dorsal and intrapancreatic
types. Based on the clinical experience of our department in pro-
tecting CBD without intraoperative image guidance, the dorsal
CBD of the pancreas was recognized behind the pancreas and
the pancreas was removed from bottom to top. However, the
intrapancreatic CBD should be identified behind gastroduode-
nal arteria and to the right of the portal vein. Then it was disso-
ciated in the upper and lower directions. After resecting of the
pancreatic head, the residual pancreas on the medial edge of the
duodenum and CBD was further removed. Finally, the blood
supply of duodenum and CBD was observed. In the absence
of apparent ischemia or biliary fistula, the digestive tract could
be reconstructed. Some scholars>!7!¢l have innovatively applied
the laparoscopic fluorescence imaging system, enabling the visu-
alization and preservation of the CBD and vessels supplying
the duodenum, and the timely identification of biliary fistula.
However, our center used a 3D laparoscopic lens during sur-
gery, while the fluorescent imaging system needed a 2D lens.
Considering that intraoperative lens conversion could affect the
flow of the whole operation, intraoperative fluorescence image
guidance was not used in this study.

Regarding digestive tract reconstruction methods, Hong PJ*
was selected at the initial stage. Later, the modified pancreatico-
gastrostomy based on Hong PJ was performed. The “Variable
diameter measurable pancreatic duct” invented by Professor
Liu®? was used as the pancreatic duct support tube for both
anastomosis methods (Fig. 3). During the operation, the corre-
sponding part of the pancreatic duct was excised according to
the different MPD diameters, which fit perfectly fitted without
pancreatic fluid leakage after insertion into the MPD.

The effect of total pancreatic head resection on reducing
pancreatic fistula is significant. In 295 patients who underwent
subtotal pancreatic head resection reported by Beger in 2016,
the pancreatic fistula rate, excluding biochemical fistula, was
13.6%.*" But the pancreatic fistula rate of 64 patients who
underwent total pancreatic head resection in our center was
lower (10.9%). In the later stage, to further reduce the rate
of pancreatic fistula, 11 patients were selected for modified



pancreaticogastrostomy anastomosis, and no pancreatic fis- Hanorosoro y4eta. — 2016.
tula occurred in these patients. In our center, pancreatic fistula Khalmuratova M. T. PROFESSIONAL LANGUAGE OF
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Three patients with biliary fistula improved after the placement . 110 .
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