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Background: Long lasting and unbearable abdominal pain is the most common symptom of

chronic pancreatitis (CP). This study aimed to evaluate surgical options for the control of

chronic pancreatic pain based on anatomical morphological changes.

Methods: A retrospective review of patients who underwent surgery for treatment of

chronic pancreatic pain in Peking University First Hospital between January 2000 and

December 2017 was performed. The surgical options included modified Puestow procedure,

Frey procedure, Beger procedure, pancreaticoduodenectomy (PD) or pylorus preserving

pancreaticoduodenectomy (PPPD), distal pancreatectomy and total pancreatectomy.

Results: Among 116 patients, pain relief rate after surgery was 82.6% (95/115) while 22

(23.2%) cases suffered recurrent chronic pancreatic pain during follow-up. Pain relief rate was

83.1% (54/65) after modified Puestow procedure, 63.6% (7/11) after distal pancreatectomy,

83.3% (10/12) after PD/PPPD, 86.7% (13/15) after Frey procedure, and 90% (9/10) after Beger

procedure. Pain recurrence rate was 27.8% (15/54) after modified Puestow procedure, 42.9%

(3/7) after distal pancreatectomy, 10% (1/10) after PD/PPPD, 15.4% (2/13) after Frey proce-

dure, and 11.1% (1/9) after Beger procedure.

Conclusion: The surgical options for the control of chronic pancreatic pain according to the

anatomical morphological changes of CP is reasonable and effective. The procedure of distal

pancreatectomy alone should be cautiously used for pain relief.
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Introduction
Chronic pancreatitis (CP) is a process of irreversible fibrosis in the pancreas caused

by multiple etiologies. CP leads to both exocrine and endocrine insufficiency, which

mainly manifests as abdominal pain, diarrhea, diabetes mellitus, and malnutrition.1

The incidence of CP is low, and the degree of severity varies widely between

patients. While acute pancreatitis and pancreatic cancer have been paid much

attention as two common diseases of the pancreas, clinical diagnosis of CP also

becomes urgent.

The clinical investigation of CP has not been emphasized in eastern countries,

leading to a large gap in the knowledge of CP compared with Western countries.

Chronic abdominal pain is the main presenting symptom for which patients with CP

seek medical attention, and is also the main indication for surgical treatment.2

However, the indications for the procedural selection, the surgical safety, and the

short- and long-term control of abdominal pain associated with each surgical proce-

dure are still controversial. Therefore, this study aimed to evaluate surgical options

for the control of chronic pancreatic pain based on anatomical morphological
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changes. We summarized the clinical data and follow-up

information of patients with CP with refractory abdominal

pain as the main manifestation who underwent surgical

treatment from 2000 to 2017. The clinical effectiveness of

different surgical procedures for the treatment of CP-related

abdominal pain was explored in relation to the abnormal

anatomical pathology in the pancreas.

Materials and methods
Patients
This study was approved by Ethics Committee of Peking

University First Hospital and was conducted in accordance

with the Declaration of Helsinki. All patients over the age

of 18 years or a parent or legal guardian of patients under

the age of 18 years provided the written informed consent.

A total of 116 patients with CP (mean age 51.5±18.2 years,

range 10–82 years; 83 males, 33 females; male: female ratio

2.5:1) with complete postoperative follow-up information

who underwent surgery from 2000 to 2017 in Peking

University First Hospital were enrolled. All cases of CP

were diagnosed based on endoscopic ultrasonographic cri-

teria. The etiology of CP was alcoholism in 56 patients

(48.3%), biliary disease in 37 (31.9%), autoimmune disease

in five (4.3%), and idiopathic in 18 (15.5%). All patients

had chronic abdominal pain (100%); the other clinical

symptoms included emaciation (67.2%, 78/116), diabetes

mellitus (54.3%, 63/116), jaundice (32.8%, 38/116), diar-

rhea (19.8%, 23/116), and hematemesis/tarry stools (4.3%,

5/116).

Imaging
The 116 patients with CP underwent at least two of the

following examinations: abdominal B-ultrasonography,

enhanced CT, endoscopic ultrasonography, magnetic reso-

nance cholangiopancreatography, and endoscopic retro-

grade cholangiopancreatography. Among the 116

patients, 80 had pancreatic duct dilatation of >5 mm with

or without pancreatic duct stones (69.0%), 38 had chole-

dochectasia (32.8%), 37 had a mass in the pancreatic head

(31.9%), 11 had a lesion in the pancreatic body and tail

(6.5%) (five of these patients had concomitant splenome-

galy and esophageal and gastric varices), and three had a

diffuse lesion involving the entire pancreas (2.6%).

Surgical procedure
Patients received surgery due to abdominal pain, and no

endoscopic treatment was attempted prior to surgery. The

surgical procedure was selected in accordance with the clin-

ical manifestations, physical condition, and imaging results.

The surgical procedures included pancreaticojejunostomy

(modified Puestow procedure) (n=65), Frey procedure

(n=15), pancreatoduodenectomy (PD)/pylorus-preserving

PD (PPPD) (n=12), duodenum-preserving pancreatic head

resection (Beger procedure) (n=10), distal pancreatectomy

(n=11), and total PD (n=3). The severity of abdominal pain

was evaluated using the VAS. The pain alleviation rate was

calculated as (VAS score before treatment-VAS score after

treatment)/VAS score before treatment ×100%. Pain relief

was defined as pain that was relieved by 50% or more.

Statistical analysis
All data are presented as the mean ± standard deviation

(SD) and analyzed by SPSS version 19.0 software (SPSS,

IL, USA).

Results
For surgical procedures, modified Puestow procedure was

performed in 65 patients with pancreatic duct dilatation

>5 mm with or without pancreatic duct stones, Frey pro-

cedure was performed in 15 patients with pancreatic duct

dilatation >5 mm with stones or inflammatory mass in the

pancreatic head, PD/PPPD was performed in 12 patients

with a mass in the pancreatic head, Beger procedure was

performed in 10 patients with a mass in the pancreatic

head, distal pancreatectomy was performed in 11 patients

with lesions mainly in the pancreatic body and tail, and

total PD was performed in 3 patients with a diffuse lesion

involving the entire pancreas.

After surgery, all 116 patients received long-term fol-

low-up, and the average follow-up duration was

78.8 months (range 5–156 months). One patient (0.86%)

died in the perioperative period after total pancreatectomy

due to postoperative intra-abdominal hemorrhage, abdom-

inal infection, and multiple organ failure. The overall

incidence of complication was 16.5% (19/115), including

ten cases of abdominal infection, five cases of pancreatic

fistula, one case of biliary fistula, and three cases of intra-

abdominal hemorrhage. All complications were treated

conservatively. In detail, abdominal infection was mana-

ged by abdominal drainage and anti-infection treatment;

pancreatic fistula was managed by prolonging the use of

somatostatin and fasting time, and keeping abdominal

drainage tube; biliary fistula was managed by keeping

abdominal drainage tube; abdominal hemorrhage was

managed by interventional embolization.
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The abdominal pain relief rate after surgery and before

discharge was 82.6% (95/115). However, the total rate of

recurrence of abdominal pain during follow-up was 23.2%

(22/95). The postoperative complications and abdominal

pain control status of the patients who underwent each

surgical procedure were shown in Table 1. Pain relief

rate was 83.1% (54/65) after modified Puestow procedure,

63.6% (7/11) after distal pancreatectomy, 83.3% (10/12)

after PD/PPPD, 86.7% (13/15) after Frey procedure, and

90% (9/10) after Beger procedure. Pain recurrence rate

was 27.8% (15/54) after modified Puestow procedure,

42.9% (3/7) after distal pancreatectomy, 10% (1/10) after

PD/PPPD, 15.4% (2/13) after Frey procedure, and 11.1%

(1/9) after Beger procedure.

Discussion
The incidence of CP is increasing each year, and about

50% of the patients with CP require surgical treatment due

to complications such as refractory abdominal pain. As the

fibrosis of CP is irreversible, the basic principle of surgery

is to alleviate the symptoms and improve the quality of

life, while maintaining the exocrine and endocrine func-

tion of the pancreas to the greatest extent. However, as the

pathogenesis of long-term refractory abdominal pain is

still not clear, the treatment of the pain associated with

CP in clinical practice is controversial. The three main

reasons for abdominal pain in CP include: 1) an increase

in pressure in the pancreatic duct caused by obstruction of

the pancreatic duct, often accompanied by pancreatic duct

dilatation. This type of pain can be relieved by pancreatic

duct decompression. 2) Abdominal pain resulting from

increased tension in the capsule of the pancreas, often

accompanied by pancreatic duct dilatation. This pain can

be relieved by decompression via cutting the capsule of

the pancreas. 3) Pain caused by inflammation and damage

involving the peripancreatic plexus. The pancreas is

located within the peritoneum, with lots of celiac plexus

nerves around the pancreatic head; this plexus is easily

affected by inflammation, leading to refractory abdominal

pain. In this situation, the effectiveness of pancreatic duct

drainage or decompression alone is low, so this type of

pain is relieved by resecting the affected pancreatic tissue

and peripheral plexus.3,4 Most patients with CP have

refractory abdominal pain caused by multiple pain

mechanisms simultaneously. Therefore, care should be

taken when selecting the appropriate surgical procedure.

The surgical procedures currently used for the treatment

of CP include drainage, resection, and combination. The T
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most commonly used surgical procedures are the drainage

procedures based on the relief of obstruction and high pres-

sure in the pancreatic duct, such as the modified Puestow

procedure, which retains the spleen and pancreatic body and

tail. This type of drainage procedure can split the total pan-

creatic duct (including the main and accessory pancreatic

ducts) to completely remove the stones, followed by the

pancreatico-jejunostomy.5 The modified Puestow procedure

is relatively simple with a high degree of safety, and is

appropriate for patients with pancreatic atrophy not com-

bined with an inflammatory mass in the pancreatic head,

and for those with pancreatic duct dilatation. The modified

Puestow procedure could achieve long-term effective relief

of CP-related abdominal pain in 60–70% of patients.6

Resection procedures performed to treat CP include

classic PD, PPPD, duodenum-preserving pancreatic head

resection (Beger procedure), and total PD.3 The perfor-

mance of resection procedures has gradually increased

with improvements in surgical technique and safety, espe-

cially in awareness that the pancreatic head is the initial

site of chronic inflammatory lesions. Resection procedures

are particularly appropriate for patients with an inflamma-

tory mass in the pancreatic head, especially for those a

malignant lesion is hard to differenciate. The advantage of

the resection procedure is the complete removal of the

pancreatic head with the lesion, resulting in confirmed

short- and long-term efficacy. However, the disadvantages

of resection are that it is a technically complicated opera-

tion with a wide resection range, which requires advanced

technical ability, and has high incidences of postoperative

complications and mortality during the perioperative

period.6 Distal pancreatectomy is also a type of resection

procedure, and is applicable for patients with CP in whom

the lesion is limited to the pancreatic body and tail; due to

the simplicity of this surgical procedure, it is easily

accepted by patients and physicians, but it does not pro-

vide satisfactory efficacy in controlling short- and long-

term abdominal pain associated with CP.7

An example of a combination procedure is the Frey

procedure, which possesses the advantages of pancreatic

head resection and pancreatic duct drainage, maintains the

integrity of the digestive tract, and removes the source of

inflammation in the pancreatic head. The Frey procedure

can stop or delay the process of pancreas fibrosis, and is

mainly applied in patients with CP with an inflammatory

mass in the pancreatic head and pancreatic duct dilatation.

The Frey procedure results in control of abdominal pain in

62–91% of cases.8

In this study, surgical procedure used to treat CP was

selected based on preoperative imaging findings and

abnormalities in local pathological anatomy. Drainage pro-

cedures were selected for patients with CP with substantial

pancreatic duct dilation but no local inflammatory lesion in

the pancreatic head, while resection or combination proce-

dures (including PD/PPPD, and the Beger or Frey proce-

dures) were selected for patients with an inflammatory mass

in the pancreatic head. Among all patients with CP in this

study, the mortality rate in the perioperative period was

0.86% (1/116), the total incidence of complications was

16.5% (19/115), the postoperative abdominal pain relief

rate was 82.6% (95/115), and the abdominal pain recurrence

rate was 23.2% (22/95). The abdominal pain relief rate and

incidence of complications after the various surgical proce-

dures were similar to those reported in previous studies,

proving that the selection of the surgical procedure was safe

and appropriate.

The comparison of the degree of patient-reported satis-

faction with the surgical procedure regarding CP-related

abdominal pain control indicated that distal pancreatect-

omy alone was the most unsatisfactory. The postoperative

abdominal pain relief rate and recurrence rate of distal

pancreatectomy were 63.6% and 42.9%, respectively; the

relatively low rate of pain relief and high recurrence rate

may be due to the maintenance of initial part of the

chronic inflammatory lesion (which means that the tension

of the capsule of the pancreas is not completely remitted)

and the retention of the nerve plexus around the pancreatic

head. In addition to the persistent existence of chronic

inflammation, these factors may lead to the recurrence of

abdominal pain. The choice of distal pancreatectomy alone

to control CP-related abdominal pain should be made

cautiously, unless there is sufficient evidence to prove

that a lesion in the pancreatic body and tail is the only

cause of CP.

The modified Puestow procedure alone is the most

widely used surgical procedure for treating CP. The mod-

ified Puestow procedure is safe and easy, with satisfactory

short-term efficacy. However, our data indicated that the

recurrence rate of abdominal pain after the modified

Puestow procedure was 27.8% (15/54), which was higher

than the recurrence rates after PD/PPPD, the Beger proce-

dure, and the Frey procedure (10%, 11.1%, and 15.4%,

respectively). The reason for the recurrence of pain after

the modified Puestow procedure is the retention of the

pancreatic head, which leads to a continuous inflammatory

response and peripheral neuroinflammatory destruction;
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furthermore, the complete removal of stenosis or stones is

difficult. Thus, the modified Puestow procedure is only

appropriate for patients without inflammatory mass or

calcification in the pancreatic head, or for those with

diffuse pancreatic atrophy and pancreatic duct dilatation.

Partial or total pancreatic head resection is conducive to

abdominal pain relief in patients with CP, which is helpful

for removing calcification or stones in the pancreatic head

or uncinate process, and for reducing tension in the cap-

sule of the pancreas. Meanwhile, the neuropathy caused by

peripheral inflammation of the pancreatic head could

achieve satisfactory long-term results.

For patients with CP with an inflammatory lesion

involving the whole pancreas and no pancreatic duct

dilation, total pancreatectomy may be the only effective

surgical treatment. Total pancreatectomy is also appro-

priate for patients with abdominal pain recurrence after

failure of surgical treatment.9 Total pancreatectomy can

effectively relieve abdominal pain, but causes diabetes

mellitus, and the patients have to rely on insulin all life

long; the lack of blood glucose regulation means that

fatal hypoglycemia can easily occur. Thus, this surgical

procedure should be chosen cautiously. The procedure

currently used for total pancreatectomy combined with

islet autotransplantation not only reduces the use

of insulin, but also decreases the occurrence of

hypoglycemia.10 The three patients in the present study

who underwent total PD all had diffuse CP with no

pancreatic duct dilatation. One of these three patients

died due to intra-abdominal infection combined with

hemorrhage and multiple organ failure in the periopera-

tive period. The possible reason for this death may have

been related to the presence of substantial inflammation

adhesions around the pancreas and stenosis in the sple-

nic vein, leading to opening of peripheral veins and an

extensive bleeding in the surgical area. Furthermore, the

postoperative blood glucose fluctuations may have

increased the risk of intra-abdominal infection. In the

other two patients, insulin pumps were used to achieve

long-term blood glucose control, and the abdominal pain

control was satisfactory.

In conclusion, the mechanism of abdominal pain in

patients with CP is complicated, and the selection for

surgical treatment should be based on the abnormal

changes seen on imaging and anatomical morphological

changes of the pancreas. Drainage procedures are feasi-

ble and effective at relieving abdominal pain in patients

without substantial inflammation in the pancreatic head,

pancreatic atrophy, and pancreatic duct dilatation.

Resection alone or in combination with drainage should

be performed for patients with a local inflammatory

lesion in the pancreatic head, due to the presence of

pancreatic duct dilatation. Distal pancreatectomy should

be cautiously chosen for those with the lesion limited to

the pancreatic body and tail with no substantial pancrea-

tic duct dilation.
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