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Drainage procedure for pancreatolithiasis: 
re-examination of the pancreatic duct diameter standard
Guoyong Chen1, Yu You2, Hongxian Yan1, Junchuang He1, Jianping Gong2, Sidong Wei1
1Department of Hepatobiliary Surgery, Henan Provincial People’s Hospital, People’s Hospital of Zhengzhou University, People’s 
Hospital of Henan University, Zhengzhou, China
2Department of Hepatobiliary Surgery, The Second Affiliated Hospital of Chongqing Medical University, Chongqing, China

INTRODUCTION
Due to predisposing factors, such as long-term alcoholism, 

the morbidity of chronic pancreatitis (CP) has increased in the 
last few decades. The incidence of CP is between 2 and 200 
per 100,000 people globally [1] and 13 per 100,000 people in 
China [2]. Inflammation associated with CP induces stricture 

formation in the main pancreatic duct (MPD) followed by the 
formation of pancreatic duct stones (PDSs). PDSs present as 
the most common and typical histological change in CP, and 
they lead to stasis of the pancreatic juice, high pressure in the 
pancreatic duct, and progressive inflammation of CP. CP is 
characterized by permanent damage to the pancreatic structure 
and function, ultimately resulting in intractable abdominal 
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Purpose: Pancreatic duct decompression relieves pancreatic duct stone (PDS)-associated abdominal pain, though a 
consensus indication for the drainage procedure of the main pancreatic duct (MPD) is lacking. Moreover, major prognostic 
factors for postsurgical long-term pain relief and recurrence are largely unknown.
Methods: The clinical outcomes of 65 consecutive PDS patients undergoing surgery from 2008–2012 with 3+ years of 
follow-up were assessed.
Results: At postsurgical follow-up (median, 4.5 years; range, 3–7 years; procedure: Partington, n = 32; Frey, n = 27; 
pancreatoduodenectomy, n = 3; distal pancreatectomy, n = 3), the early complication and complete stone clearance 
rates were 29.2% and 97%, respectively. Long-term, complete and partial pain relief were 93.9%, 83.1%, and 10.8%, 
respectively. The risk of pancreatic fistula was higher in the <8 mm group than in the >8 mm group (P < 0.05), and 80% 
of the pancreatic fistula cases occurred in the <8 mm group. A shorter pain duration (P = 0.007), smaller MPD diameter 
(P = 0.04), and lower Izbicki pain score (P < 0.001) predicted long-term pain relief. Pain recurrence after initial remission 
occurred in 5 patients and was only related to pain duration (P = 0.02). Stone recurrence and pancreatic exocrine functional 
and endocrine functional deterioration occurred in 2, 5, and 11 patients, respectively.
Conclusion: Surgery provides excellent stone clearance, long-term pain relief, and acceptable postoperative morbidity. 
Using 8 mm as the criterion for drainage surgery can minimize the postoperative pancreatic fistula risk. Individualized and 
timely surgical treatment may improve the effect of surgery.
[Ann Surg Treat Res 2020;98(4):190-198]
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pain with progressive exocrine and endocrine insufficiency [3].
Pain is usually the predominant complaint of patients with 

CP, and intractable pain that is resistant to drug treatment is 
the main surgical indication for CP with PDSs [4]. Although 
the etiology of pain in PDSs remains unclear, perineural 
inflammation, and increased intraductal pressure caused by a 
dilated pancreatic duct, which is secondary to obstruction, are 
deemed responsible for the induction of pain [5]. Therefore, 
surgical approaches for pain in which medical treatment 
is ineffective are based on differing pathophysiological 
theories of the etiology of pain, including resection 
(pancreaticojejunostomy), and drainage/decompression surgery 
(such as the Partington and Frey procedures) [5]. Although 
extracorporeal shock wave lithotripsy (ESWL) or endoscopy 
is recommended as the first-line treatment for pancreatic 
stones by the European Society of Gastrointestinal Endoscopy 
(ESGE) [6] and Japanese Study Group for Pancreato-Biliary 
Lithiasis, surgery in the treatment of painful CP with PDSs is 
valuable and necessary in economically disadvantaged areas 
and developing countries, including China. The reasons lie 
not only in the corresponding special medical equipment and 
skilled endoscopic physicians that are needed for ESWL and 
endoscopy, but also in the fact that cases of multiple pancreatic 
duct strictures are not appropriate for ESWL or endoscopy [5]. 
To resolve multiple pancreatic duct strictures and the increased 
pancreatic duct pressure they cause, a drainage operation (the 
Partington procedure) and extended drainage operation (such 
as the Frey procedure) are usually chosen [5]. Most scholars 
and relevant organizations, including the Japanese Society of 
Gastroenterology, believe that pancreaticojejunostomy should 
be performed when the MPD is not dilated and that drainage 
or extended drainage surgery should be selected when the MPD 
is dilated [7]. However, there is no uniform standard for the 
specific criteria for pancreatic duct dilation or the diameter of 
the MPD. Therefore, this study aimed to describe the short- and 
long-term outcomes of surgery for CP with PDSs in China and 
mainly focused on the specific criteria for the suitability of the 
MPD for drainage or extended drainage surgery.

METHODS

Patients
From January 2008 to November 2012, we collected data from 

65 consecutive patients out of 81 patients with PDSs undergoing 
surgery at the People's Hospital of Zhengzhou University and 
analyzed the data. Patients who had not continued long-term 
follow-up in our hospital were contacted by telephone, and 
data from routine clinical evaluations and laboratory testing 
were collected. Patients whose data were lost during the follow-
up period or who were diagnosed with pancreatic cancer by 
postoperative pathology were excluded from the study.

This study is cleared with the Institution Review Board (IRB) 
of Henan Provincial People’s Hospital and the Second Affiliated 
Hospital of Chongqing Medical University and the associated 
IRB number is No. 8180102469. We have received written 
informed consent for publication from the patients.

Surgical treatment
Surgery was performed by experienced hepatobiliary 

surgeons in our hospital. Intraoperative ultrasound was used to 
estimate the locations of the PDSs and whether the calculi were 
completely removed. When the MPD was dilated more than 
6 mm without inflammatory masses at the pancreatic head, 
pancreatolithotomy plus side-to-side pancreaticojejunostomy 
(Partington operation) was performed. When the dilation 
was more than 6 mm with inflammatory masses, the Frey 
procedure was selected. Regarding inflammatory masses, 
given that the pancreatic head is the pacemaker of the chronic 
inflammatory lesion, we also chose the Frey procedure when 
there were no inflammatory masses at the pancreatic head. 
When a malignant tumor of the pancreatic head was suspected 
by preoperative examination or intraoperative frozen section 
analysis, pancreatoduodenectomy (PD) was applied. When PDSs 
were located in the left pancreatic duct and the diameter of the 
MPD was smaller than 5 mm, distal pancreatectomy (DP) was 
performed.

Collection of baseline patient characteristics
The clinical data of the 65 patients from their hospital stay 

were analyzed, including age, sex, body mass index, pain 
duration, symptoms, aetiologies, laboratory findings, and 
imaging examination results. Data on the stone characteristics 
and MPD diameter were intentionally obtained.

Outcome assessment
The primary outcome measure was pain relief at the end 

of follow-up. The secondary measures included morbidity, 
mortality, complete stone clearance, stone recurrence, length of 
hospital stay, and changes in exocrine and endocrine pancreatic 
function. Pain relief was classified as complete (Izbicki pain 
score, ≤10) or partial (Izbicki pain score, >10 after a decrease 
of >50%) [8]. Stone removal was defined as complete if there 
was no positive result in the MPD on imaging examination. 
Endocrine insufficiency was defined as a required treatment for 
glycaemic control. Patients were considered to have exocrine 
insufficiency if the elastase level was less than 200 μg per gram 
of feces.

Statistical analysis
Continuous variables with normal distribution are expressed 

as the mean ± standard deviation. Categorical variables 
are presented as frequencies (%). The statistical analyses of 
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enumeration data were evaluated using the chi-square test or 
Fisher exact test. Predictive factors of long-term pain recurrence 
after surgery were determined by multivariable logistic 
regression analysis. All statistical analyses were performed 
using IBM SPSS Statistics ver. 19.0 (IBM Co., Armonk, NY, USA). 
A P-value of less than 0.05 was considered significant.

RESULTS

Baseline patient characteristics
Of the 81 patients with PDSs who underwent surgery in 

Henan Provincial People’s Hospital and the Second Affiliated 
Hospital of Chongqing Medical University between 2008 
and 2012, 12 patients were lost to follow-up, and 4 patients 
with pancreatic cancer were excluded. Therefore, data on 65 
patients with a median follow-up time of 4.5 years (range, 3–7 
years), including 49 men and 16 women with an average age 
of 47.8 ± 5.8 years, were included in the study. The baseline 
characteristics of these patients are shown in Table 1. The main 
aetiologies included long-term alcoholism (58.5%), gallstones 
(20%), and idiopathic pancreatitis (4.6%). All of the patients with 
PDSs suffered from abdominal or back pain and were routinely 
evaluated by ultrasound. Forty-five patients were evaluated by 
magnetic resonance cholangiopancreatography (Fig. 1A), and 33 
were evaluated by contrast-enhanced CT (Fig. 1B). Most patients 
(95.3%) had multiple stones with dilations (90.7%) and strictures 
(87.7%) of the MPD.

Outcomes of short-term efficacy analysis
The Partington operation was performed in 32 patients (Fig. 

2), the Frey procedure was performed in 27 patients (Fig. 3), 
PD was performed in 3 patients, and DP was performed in 
3 patients (Table 2). Of the 65 patients, 19 experienced early 
complications, including pancreatic fistula (15.4%), biliary 
fistula (3.1%), intraperitoneal haemorrhage (3.1%), intestinal 
obstruction (4.6%), wound infection (1.5%), and ARDS (1.5%). 
One patient died after PD due to severe pancreatic fistula 
and following intraperitoneal hemorrhage. It is known that 
the outcome of MPD diameter (pancreatic duct) expansion 
in decompressive surgery mainly involves the incidence of 
postoperative complications. Considering the high incidence 
rate of pancreatic fistula and its strong connection with 

A B

Fig. 1. Imaging tests of pan­
creatic duct stones evaluated by 
magnetic resonance cholangio­
pancreatography (A) and compu­
ted tomography (B). (A) Multiple 
stones are detected in the body 
and tail of the pancreas. (B) The 
main pancreatic duct is severely 
dilated; multiple stones are detec­
ted in the body and tail of the 
pancreas.

Table 1. Baseline patient characteristics, imaging findings  
(n = 65)

Variable Value

Female sex 16 (24)
Age (yr) 47.8 ± 5.3
BMI (kg/m2) 21.3 ± 1.7
Duration of pain (yr) 3.7 ± 0.6
Aetiologies
   Alcoholism 38 (58.5)
   Gallstones 13 (20)
   Idiopathic 3 (4.6)
   Other 7 (10.7)
   Unspecified 4 (6.2)
Izbicki pain score 78 ± 6
Exocrine functional insufficiency   4
Endocrine functional insufficiency 15
No. of stones
   Single   3
   Multiple 62
Stone location
   Head 14
   Body + tail 51
Stone diameter (mm) 10.1 ± 2.3
MPD dilation 59

Values are presented as number (%), mean ± standard deviation, 
or number.
BMI, body mass index; MPD, main pancreatic duct.
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pancreatic duct expansion, we evaluated the correlations among 
the incidence rate of pancreatic fistula and the MPD diameter 
in cases that had decompressive surgery (Partington and Frey 
operations). The results showed that the MPD diameter of the 
pancreatic fistula group was significantly lower than that of 
the nonpancreatic fistula group (Fig. 4). Among the groups with 
different diameters, the incidence of pancreatic fistula was 
the highest in the 6.0- to 6.9-mm diameter group, which was 
significantly higher than that in the other groups. In addition, 
the risk of pancreatic fistula was much higher in the <8 mm 
group than in the >8 mm group (Fig. 4). Moreover, more than 
90% of the pancreatic fistula cases occurred in the <8 mm case 
group (Fig. 4).

Outcomes of long-term follow-up
The outcomes are summarized in Table 3. Complete stone 

clearance occurred in 63 patients. Residual pancreatolithiasis, 
located in the branch pancreatic duct and accessory pancreatic 
duct, occurred in 2 patients. At the end of follow-up, the 
complete and partial pain relief rates were 83.1% and 10.8%, 

respectively. Pain recurrence after initial remission occurred in 
5 patients, stone recurrence occurred in 2 patients, deterioration 
of pancreatic exocrine function occurred in 5 patients, and 
deterioration of endocrine function occurred in 11 patients. 
According to the multivariate regression analysis (Table 4), a 
shorter duration of pain (P = 0.007), a smaller diameter of the 
dilated MPD (P = 0.04), and a lower Izbicki pain score (P < 
0.001) predicted long-term pain relief. Pain recurrence was only 
related to pain duration (P = 0.02) (Table 4).

DISCUSSION
As described in the introduction, consensus regarding the 

criteria for the drainage procedure of CP with PDSs has not 
been established. Additionally, data on the major prognostic 
factors of long-term pain relief and recurrence rates after 
surgery are still lacking. Our findings revealed that surgery for 
pancreatolithiasis had satisfactory long-term outcomes with 
acceptable short-term postoperative morbidity. Additionally, a 
shorter pain duration, smaller MPD diameter, and lower Izbicki 

A B

C D

E

Fig. 2. Schematic diagram of the 
Partington surgery. (A, B) After 
longitudinal dissection of the 
pancreatic duct, scattered white 
calcified stones and pancreatic 
tissue fibrosis in the pancreatic 
duct were found. (C, D) The 
lateral anastomosis of pancreatic 
duct and jejunum. (E) Pancreatic 
duct stones removed from the 
pancreatic duct.
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pain score were associated with better long-term pain relief; 
pain recurrence was only related to pain duration. Moreover, 
using 8 mm as the standard can maximize the avoidance of 
postoperative pancreatic fistula risk.

The principle purpose of surgical intervention in CP is to 
relieve pain and preserve as much of the pancreatic parenchyma 
as possible. Different surgical procedures can be chosen 
according to the location of the stones in the pancreatic duct, 
the dilation, and stenosis of the MPD, whether or not a mass or 
pseudocyst is present. The Partington and Rochelle procedure is 

common in surgical practice, with low morbidity and mortality. 
However, approximately 20% of patients with CP have a 
dominant inflammatory mass within the pancreatic head, 
which is identified as the leading site of the disease and causes 
the pain sensations of some patients [9]. The Frey procedure 
has been recommended by many surgical scholars because it 
allows for better pain relief than the Partington and Rochelle 
procedure [9,10]. Therefore, we also chose the Frey procedure, 
even without inflammatory masses at the pancreatic head, and 
there were no differences between the 2 procedures in terms 

A B

C D

E

Pancreatic head cored out

Normal pancreatic duct

Jejunal limb
secured with 1st
row of sutures

Line of enterotomy

Fig. 3. Schematic diagram of 
Frey surgery. (A, B) The head 
of the pancreas was open and 
the stones were removed for 
decompression. (C, D) The 
anastomosis of pancreatic duct 
and jejunum. (E) Pancreatic 
duct stones removed from the 
pancreatic duct.

Table 2. Surgical procedures and early complications

Variable Partington operation (n = 32) Frey operation (n = 27) PD (n = 3) DP (n = 3)

Pancreatic fistula 4 6 0 0
Biliary fistula 1 1 0 0
Intraperitoneal hemorrhage 1 0 1 0
Intestinal obstruction 2 1 0 0
Wound infection 0 0 0 1
ARDS 0 1 0 0
Total 8 9 1 1

ARDS, acute respiratory distress syndrome; PD, pancreatoduodenectomy; DP, distal pancreatectomy.
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of the time of operation, volume of lost tissue, or rate of early 
complications. The Frey and Beger procedures are reasonable 
options for patients with inflammatory masses at the pancreatic 
head and are equally effective in terms of providing pain relief 

[11,12], while the Beger procedure can be performed to remove a 
potential tumor within the pancreatic head [13]. We decided on 
the operation type according to the results of the intraoperative 
frozen section analysis. When a malignant tumor of the 
pancreatic head was suspected on preoperative examination 
or intraoperative frozen section analysis, PD, but not the Beger 
procedure, was applied to generate a greater scope of surgical 
resection and improve the curative effect [14]. Very few studies 
have discussed the optimal timing of surgical intervention. We 
found that a shorter duration of pain, a smaller diameter of the 
dilated MPD, and a lower Izbicki pain score predicted long-term 
pain relief. We consider that the abovementioned factors hint 
that the shorter the onset time is, the milder the pancreatic 
lesions and peripheral nerve pain infringement will be. That 
is, timely surgical intervention seemed to be more beneficial in 
the advance phase of CP.

Surgery can be performed to remove stones as much 
as possible and relieve MPD obstruction to achieve better 
decompression [15], thus reducing intrapancreatic pressure either 

Table 3. Outcomes of treatment (n = 65)

Variable Value

Pain relief
   Complete relief 54 (83.1)
   Partial relief 7 (10.8)
   No relief 4 (6.2)
Complete stone clearance 63 (97)
Stone recurrence 2 (3.2)
Abdominal pain recurrence 5 (9.3)
Hospital stay (day) 12.0 ± 3.2
Exocrine functional deterioration   5
Endocrine functional deterioration 11

Values are presented as number (%), mean ± standard deviation, 
or number.
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Fig. 4. Correlation between the main pancreatic duct diameter and pancreatic fistula incidence after the Partington or Frey 
operation. (A) The main pancreatic duct diameter in the group with (n = 10) or without pancreatic fistula (n = 49). (B) The 
incidence rate of pancreatic fistula in groups with different main pancreatic duct diameters. (C, D) The incidence rate of 
pancreatic fistula in groups according to different main pancreatic duct diameter criteria (7 mm or 8 mm) analyzed using the 
chi-square test. *P < 0.05. **P < 0.01.
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within the pancreatic duct or in the pancreatic parenchyma 
[16]. It has long been recognized that intrapancreatic neural 
damage and alterations correlate with abdominal pain, which is 
difficult to relieve by simple drainage [17]. This can explain why 
some patients only achieved partial pain relief even without 
pain relief after surgery in our study. As a less invasive therapy, 
ESWL is a very successful modality that has historically been 
used in the treatment of renal stones and gallstones. However, 
ESWL alone is not satisfactory, with a low rate of complete 
stone clearance and a high rate of stones and abdominal pain 
recurrence in the treatment of PDSs. In a Japanese multicentre 
study, which was performed on 916 patients managed in 34 
institutions, complete stone clearance was achieved in 49.4% 
of the patients after ESWL alone [18]. Similarly, as described in 
the ESGE clinical guidelines, the complete stone clearance rate 
reached only 60% after endoscopy alone [8]. PDSs located in the 
branch duct with diameters >10 mm or >3 are not suitable for 
endoscopy [19]. With the ability to fragment large stones, stone 
fragmentation achieves 89% to 92.0% by ESWL. Therefore, ESWL 
and subsequent endoscopy are used to significantly increase the 
rate of complete stone clearance, which is achieved in 41% to 
90% (mean 60%) of cases [8,20]. Even so, surgery provides more 
thorough stone clearance than ESWL with endoscopy [6,18,21]. In 
our study, the complete stone clearance rate was 97%. PDSs were 
partially removed in 2 patients because the stones impacted the 
accessory pancreatic duct and branch. In a previous study, early 
complications after ESWL and endoscopy were rarer than after 
surgery [9,18,20]. In our study, early complications after surgery 
were noted in 9 patients. An individualized surgical treatment 
based on the location and different pathological types of CP 
with PDSs could lead to acceptable short-term postoperative 
complications and excellent long-term outcomes.

Once surgery is deemed necessary, the choice of surgical 
procedure should be made. The available surgical procedures 
are resection, drainage, and extended drainage surgery. Among 
the 3 types of surgical procedures, the main advantage of the 
resection procedure is complete resection of the stenosis of 
the pancreatic duct and the prevention risk of oncogenesis 
[5]. Drainage procedure, on the other hand, is deemed to be 
advantageous in terms of short-term complications because 

it is a simple surgical procedure [5]. Extended drainage 
operation has both of the above advantages [5]. Although the 
3 surgical methods have their own characteristics, they are 
basically consistent in terms of their pain relief rates and long-
term prognoses. The choice of method is mainly based on 
the pathological morphology of the patient's pancreas. Most 
scholars believe that when there is a pancreatic inflammatory 
mass, resection should be selected and that when the MPD 
is dilated, drainage should be selected [22]. And, when both 
findings are present, the extended drainage operation should 
be selected [22]. However, there is no uniform standard for 
the specific definition of “main pancreatic duct dilation”. Six 
millimeters, 7 mm and 10 mm are recommended by different 
scholars as the MPD diameter standard for drainage surgery. 
Undoubtedly, drainage of the MPD to expand the pancreas 
reflects the value of reducing pancreatic duct pressure to relieve 
pain due to PDSs. At the same time, most scholars believe that 
although there are many factors affecting pancreatic fistula, 
including the preoperative nutritional status, pancreatic texture, 
and surgical experience of the surgeon, the MPD diameter is 
undoubtedly one of the most important factors [22]. The more 
obvious the degree of pancreatic duct dilatation is, the lower the 
risk of postoperative complications, especially pancreatic fistula, 
will be, which is an important reason for drainage or combined 
surgery requiring pancreatic duct expansion [22,23]. The results 
of this study showed that the incidence of pancreatic fistula 
was significantly decreased when the diameter of the pancreatic 
duct was greater than 7 mm or 8 mm, suggesting that 7 mm 
and 8 mm were the standard. In addition, in this study, 90% 
of pancreatic fistulas occurred in patients with pancreatic duct 
diameters below 8 mm, suggesting that taking 8 mm as the 
standard can minimize the risk of postoperative pancreatic 
fistula.

In conclusion, the limitations of this study were its 
retrospective design, small sample size, and single-center 
experience. A further largescale prospective randomized 
study is needed to further estimate the efficacy of surgery for 
patients with PDSs. Based on its long-term results, our study 
has shown that surgery provides excellent stone clearance and 
long-term pain relief with acceptable postoperative morbidity. 

Table 4. Logistic regression analysis of predictive factors of long-term remission and recurrence of pain after surgery

Variable
Pain remission Pain recurrence

Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Duration of pain 3.7 (0.7–0.9) 0.007 4.1 (0.6–1.0) 0.02
MPD diameter 10.1 (1.2–2.5) 0.04 - -
Izbicki pain score 78 (4.6–7.2) <0.001 - -

All analyses were adjusted for baseline clinical characteristics.
CI, confidence interval; MPD, main pancreatic duct.



 Annals of Surgical Treatment and Research 197

An individualized and timely surgical treatment regimen may 
improve the effect of surgery. The degree of MPD dilatation 
is closely related to postoperative complications, especially 
the incidence of pancreatic fistula. A pancreatic duct diameter 
of 7 mm is an effective standard for reducing the risk of 
postoperative pancreatic fistula, while a diameter of 8 mm as 
the standard can maximize the avoidance of postoperative 
pancreatic fistula risk.
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