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Abstract
Purpose The Frey procedure is an effective surgery for chronic pancreatitis (CP) patients who have pancreatic head lesions 
with dilation of the main pancreatic duct. However, pancreatic tail lesions can cause relapsing pancreatitis after the pro-
cedure. Therefore, additional distal pancreatectomy (DP) might complement the therapeutic effect of the Frey procedure 
in controlling inflammation of the pancreatic tail. The Frey procedure with DP (Frey + DP) is indicated for inflammatory 
lesions in the pancreatic head and tail. In this study, we assessed the usefulness of Frey + DP using the retrospective clinical 
data of our cases.
Methods The clinical outcomes were compared between CP patients who underwent the Frey procedure (N = 44) and 
Frey + DP (N = 13) from January 2005 to April 2016.
Results Frey + DP showed similarly good therapeutic effects to the Frey procedure with regard to the postoperative stay, 
morbidity, mortality, pain relief and nutrition, although the Frey + DP had a longer operative time, more bleeding and higher 
incidence of diabetes mellitus than the Frey procedure because of the additional DP. One patient in the Frey group received 
additional DP because of recurrent pain due to the tail lesion.
Conclusion Frey + DP can be a promising treatment for CP patients with pancreatic head and tail lesions.

Keywords Chronic pancreatitis · Frey procedure · Distal pancreatectomy

Introduction

Chronic pancreatitis (CP) refers to chronic inflammation of 
the pancreas caused by the activation of pancreatic enzymes, 
mostly due to alcohol consumptions. The major symptom of 
CP is abdominal or back pain, and, as the disease progresses, 

pancreatic exocrine and endocrine insufficiency induce 
digestive malabsorption and diabetes mellitus (DM) [1].

The primary treatments for CP are lifestyle improvements, 
such as alcohol cessation, and pain control using analgesics. 
Endoscopic or surgical intervention is indicated when these 
conservative treatments fail. Surgical intervention is par-
ticularly useful for patients with severe symptoms [2] and is 
classified into two strategies for CP: pancreatic duct drainage 
and resection of the inflammatory lesion (pancreatectomy). 
Pancreatojejunostomy with distal pancreatectomy (Puestow 
procedure) and longitudinal pancreatojejunostomy (Parting-
ton procedure) are considered pancreatic duct drainage, and 
pancreatoduodenectomy (PD), distal pancreatectomy (DP) 
and duodenum-preserving pancreatic head resection (Beger 
procedure) are considered pancreatectomy [3–5]. Pancreatic 
duct drainage is useful for the preservation of the pancreatic 
function, but it is less effective for cases requiring the control 
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of inflammation in the pancreatic head or tail, in which an 
inflammatory mass has formed [6]. In contrast, pancreatec-
tomy is suitable for removing local lesions but carries a high 
risk of pancreatic exocrine and endocrine insufficiency [7].

The Frey procedure, which involves longitudinal pan-
creatojejunostomy with coring-out of the pancreatic head, 
theoretically shares the advantages of both pancreatic duct 
drainage and pancreatectomy [8]. The Frey procedure has 
been conducted for CP since the 1990s in Japan and has 
achieved good therapeutic outcomes in terms of pain relief 
and preservation of the exo- and endocrine functions at our 
and other Japanese institutions [9–11]. Patients with pancre-
atic head lesions and a dilated main pancreatic duct are good 
candidates for the Frey procedure. However, the procedure is 
not effective for patients with severe pancreatic tail lesions, 
especially when the main pancreatic duct in the pancreatic 
tail is not dilated. Indeed, we have experienced a few cases 
of CP with pancreatic tail lesion that recurred after the Frey 
procedure and then required additional DP [9].

Based on these experiences, we currently perform Frey 
procedure with DP (Frey + DP) as a novel surgical strategy 
for CP patients with both pancreatic head and tail lesions. 
Theoretically, Frey + DP is suitable for those cases, but the 
therapeutic effect is not fully discussed. We herein report 
our comparison of the clinical outcomes between the Frey 
procedure alone and Frey + DP, and show typical cases of 
CP with both pancreatic head and tail lesions.

Materials and methods

Ethics

The present study protocol was performed in accordance 
with the ethical standards of the Declaration of Helsinki and 
approved by the Ethics Committee of Tohoku University 
Hospital (2017-1-733, 2015-1-790, 2014-1-544).

Patients and study outline

This study was a retrospective and observational study. 
Consecutive CP patients who underwent the Frey proce-
dure or Frey + DP at our institution from January 2005 to 
April 2016 were identified using our medical information 
database and enrolled into the study. Patients who under-
went other surgical procedures except for cholecystectomy in 
addition to these surgeries and who had already undergone 
DP previously were excluded. Sixty-three CP patients were 
enrolled in this study initially (50 Frey procedures alone 
and 13 Frey + DP), and six cases were excluded from the 
Frey procedure alone group due to undergoing an additional 
procedure (n = 4) or having undergone preceding DP (n = 2) 
(Fig. 1).

The perioperative outcomes, including patient charac-
teristics, and perioperative data, including operative time, 
hemorrhaging volume, postoperative hospital stay, morbidity 
and mortality, were compared between the Frey procedure 
and Frey + DP. Complications were defined as grade IIIa or 
more according to the Clavien–Dindo classification [12, 13]. 
Long-term outcomes, such as the nutritional status and pain, 
were assessed at 1 year after surgery. The nutritional status 
was assessed by the body weight (BW) and serum albumin 
(Alb) before and 1 year after surgery. Pain before or 1 year 
after surgery was defined by the regular use of oral analge-
sics. Postoperative new-onset DM was also monitored. In 
this study, DM was defined by HbA1c ≥ 6.5% or the admin-
istration of antidiabetic drug or insulin. Fourteen patients 
who did not receive postoperative follow-up were excluded 
from the analysis: 11 from the Frey procedure alone group 
and 3 from Frey + DP. One patient who developed pancreatic 
cancer within 1 year after Frey + DP was also excluded from 
the analysis. Finally, the long-term outcomes were assessed 
in 33 CP patients who underwent the Frey procedure alone 
and 9 patients who underwent Frey + DP (Fig. 1).

Operative procedures

The Frey procedure has been described in detail elsewhere 
[8, 10]. In brief, the main pancreatic duct was opened along 
the long axis, and the frontal part of the pancreatic head 
was cored-out. The proximal jejunum was then longitudi-
nally anastomosed to the opened main pancreatic duct and 
cored-out pancreatic head. The Frey procedure is indicated 
for cases with lesions in the pancreatic head and dilatation 
of the main pancreatic duct.

For cases with severe inflammation and calcification or 
a symptomatic cyst in the pancreatic tail in addition to the 
pancreatic head lesion and dilatation of the main pancreatic 
duct, we performed Frey + DP as a primary surgery [9]. In 
Frey + DP, the pancreatic tail was resected first, and then 
the main pancreatic duct was opened from the pancreatic 

All cases underwent Frey procedure
Jan/2005 – Apr/2016

(n=63)

Frey procedure alone
(n=44)

Frey+DP
(n=13)

Exclusion
Additional procedure (n=4)

Previous DP (n=2)

Lost follow-up
or cancer

(n=4)

Lost follow-up
(n=11)

Follow patients after
Frey procedure alone

(n=33)

Follow patients
after Frey+DP

(n=9)

Fig. 1  Schematic illustration of the patient selection procedure
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stump. Some patients received additional splenectomy based 
on whether or not their splenic vessels were preservable. 
After opening the main pancreatic duct of the body and tail, 
the pancreatic head was cored-out, as in the Frey proce-
dure. The jejunum was then opened to an appropriate length 
to cover the pancreatic stump and duct, and anastomosed 
longitudinally.

Statistical analyses

All statistical analyses were performed with the JMP  Pro® 
software program, ver. 12.2.0, for Macintosh (SAS Institute 
Inc., Cary, NC, USA). Wilcoxon’s signed-rank test or Wil-
coxon’s rank sum test was applied for continuous variables, 
and Fisher’s exact test or chi-square test was used for cate-
gorical data. A p value < 0.05 was considered to indicate sta-
tistical significance. All representative values are expressed 
as the median ± quartile deviation unless otherwise noted.

Results

Characteristics of the patients

The characteristics of the enrolled patients are shown in 
Table 1. In the Frey procedure alone group, the median 
age of the 44 patients was 54.0 ± 8.6 years old. The great 

majority of the patients were male (86.4%), and the causes 
of CP were alcohol in 38 cases (86.4%) and idiopathic 
in 6 cases (13.6%). Preoperative pain was reported in 34 
cases (77.3%), and preoperative DM was noted in 18 cases 
(40.9%). The duration from the onset of CP to surgery was 
3.5 ± 3.67 years. Preoperative endoscopic treatment was 
performed 1.0 ± 1.1 times. A history of acute exacerbation 
was noted in 31 cases (70.5%). In the Frey + DP group, the 
median age was 52.0 ± 4.0 years old, and the great majority 
of the patients were male (84.6%). The causes of CP were 
alcohol in 11 cases (84.6%) and idiopathic and hereditary in 
1 case each. All patients suffered from pain, and 6 (46.2%) 
had DM before surgery. The duration from the onset of CP to 
surgery was 2.6 ± 2.6 years. Preoperative endoscopic treat-
ment was performed 1.0 ± 1.0 times. A history of acute exac-
erbation was noted in eight cases (61.5%). There were no 
significant differences in the clinical backgrounds between 
the two groups.

Perioperative outcomes

The perioperative data are shown in Table 2. Frey + DP 
resulted in good therapeutic effects with regard to the post-
operative hospital stay, morbidity, mortality, pain relief and 
nutritional status, just as with the Frey procedure alone (no 
significant differences in the factors), although Frey + DP 
had a longer operative time (p < 0.01) and greater bleeding 

Table 1  Patient characteristics Frey (44 cases) Frey + DP (13 cases) p value

Age 54.0 ± 8.6 52.0 ± 4.0 0.75
Sex (M:F) 38:6 11:2 0.87
Causes of CP (case)
 Alcohol 38 11
 Idiopathic 6 1
 Genetic 0 1

Preoperative pain (case) 34 13 0.06
Diabetes mellitus (case) 18 6 0.74
From onset to surgery (year) 3.5 ± 3.7 2.6 ± 2.6 0.71
Endoscopic treatment (time) 1.0 ± 1.1 1.0 ± 1.0 0.98
Acute exacerbation history (case) 31 8 0.54

Table 2  Perioperative data 
of the Frey procedure and 
Frey + DP

Frey (44 cases) Frey + DP (13 cases) p value

Operation time (min) 270 ± 39 372 ± 25 < 0.01
Bleeding (ml) 314 ± 242 675 ± 620 < 0.01
Postoperative hospital stay (day) 16.5 ± 6.6 14.0 ± 3.0 0.37
Morbidity (%) 20.5 15.4 0.68
Mortality (case) 1 0 0.58
Postoperative pain at discharge (case) 0 0 1
Reoperation (case) 1 0 0.58
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(p < 0.01) than the Frey procedure alone because of the 
additional DP. In the Frey + DP group, the major morbidi-
ties were intraperitoneal abscesses and respiratory disor-
ders, whereas those in the Frey procedure alone group were 
intraperitoneal abscess, pancreatic fistulas and postoperative 
bleeding. All patients were free from pain at the time of 
discharge in both groups, although some patients received 
oral analgesics.

One patient in the Frey procedure alone group developed 
recurrent abdominal pain due to a lesion in the pancreatic 
tail 9 months after the Frey procedure and eventually under-
went DP (described in detail later).

Long‑term outcomes

Table 3 shows the changes in the BW, Alb, DM and abdomi-
nal or back pain before and 1 year after these procedures. 
There was no significant decrease in the BW or increase in 
the incidence of DM before and 1 year after either surgery, 
and the Alb was significantly improved after both (Frey pro-
cedure alone; p < 0.01, Frey + DP; p = 0.036). Ten patients 
who underwent the Frey procedure alone and one who 
underwent Frey + DP had recurrent abdominal pain 1 year 
after surgery. Except for one patient who underwent DP for 
a lesion of the pancreatic tail after the Frey procedure, the 
symptoms were controlled by oral analgesics in all cases.

Table 4 shows a comparison of the long-term operative 
outcomes, such as the pancreatic exo- and endocrine func-
tions, between the two procedures. Frey + DP and the Frey 
procedure had comparable results with regard to the changes 
in the BW (p = 0.62) and Alb (p = 0.82). However, Frey + DP 
showed a higher rate of new-onset DM than the Frey proce-
dure alone (p = 0.026).

Case reports

We herein report two CP patients with pancreatic head and 
tail lesions. One received the Frey procedure as a primary 
surgery and additional DP due to recurrence of CP (Case 1). 
Recurrence of CP was able to be prevented in the other by 
simultaneous Frey + DP (Case 2).

Case 1 was a 31-year-old male with idiopathic CP who 
underwent the Frey procedure due to persistent pain last-
ing 7 years. Preoperative abdominal computed tomography 

(CT) showed pancreatic tail lesions, dilation of the main 
pancreatic duct and pancreatic stones throughout the entire 
pancreas (Fig. 2a). The lesion of the pancreatic tail had been 
detected before the primary surgery, but DP was not per-
formed at that time because we believed that opening the 
main pancreatic duct to the pancreatic tail and longitudinal 
anastomosis would relieve the inflammation in the pancre-
atic tail. The operative time was 267 min, and the bleeding 
amount was 355 ml. The postoperative course was unevent-
ful, and he was discharged on the 17th postoperative day. 
However, he developed recurrent abdominal pain due to a 
lesion in the pancreatic tail 9 months after the Frey proce-
dure (Fig. 2b). We eventually performed DP, and he was 
released from the symptoms.

Case 2 was a 77-year-old male suffering from alcoholic 
CP who underwent Frey + DP about 2 years after the onset 
of CP. Preoperative abdominal CT showed pancreatic tail 
lesions and dilation of the main pancreatic duct (Fig. 3). The 
operative time was 335 min, and the bleeding amount was 
1030 ml. He had grade IIIa respiratory complications, but he 
was discharged on the 17th postoperative day. He reported 
no recurrence of pain at 1 year after the surgery.

Discussion

The Frey procedure is recommended for CP patients with 
pancreatic head lesions and dilation of the main pancreatic 
duct, and it has become a standard surgery for CP in Japan 
[1]. However, it has limited efficacy in patients with stenosis 
of the bile duct or the duodenum and severe lesions in the 
pancreatic tail [9, 14, 15]. For such cases, additional proce-
dures are combined with the Frey procedure at our institu-
tion, according to the complications and location of the CP 
lesions. For example, choledochojejunostomy can be added 

Table 3  The long-term 
outcomes of the Frey procedure 
and Frey + DP

Frey (33 cases) Frey + DP (9 case)

Preoperative Postoperative p value Preoperative Postoperative p value

Body weight (kg) 53.9 ± 5.5 54.6 ± 4.0 0.093 48.0 ± 2.8 47.0 ± 2.9 0.19
Albumin (g/dl) 3.8 ± 0.5 4.0 ± 0.2 < 0.01 3.5 ± 0.3 3.9 ± 0.3 0.036
Diabetes mellitus (case) 14 14 1 3 6 0.16
Pain (case) 26 10 < 0.01 9 1 < 0.01

Table 4  The comparison of the long-term outcomes of the Frey pro-
cedure and Frey + DP

Frey (33 cases) Frey + DP (9 cases) p value

BW change (kg) − 0.3 ± 1.7 − 1.8 ± 1.5 0.62
Alb change (g/dl) 0.4 ± 0.6 0.5 ± 0.6 0.82
New-onset DM (case) 0 3 0.026
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to the Frey procedure for cases with bile duct obstruction, 
and Frey + DP is performed for cases with pancreatic tail 
lesions.

In the present study, we compared the clinical outcomes 
of Frey + DP with those of the Frey procedure alone and 
showed that Frey + DP tended to be performed in cases with 
severe symptoms (Table 1). In addition, the recurrence rate 
of pain was lower after Frey + DP (11.1%) than with the Frey 
procedure alone (38.5%) at 1 year after surgery (Table 3). 
The feasibility of Frey + DP is equivalent to that of the Frey 
procedure alone with regard to the postoperative hospital 
stay, morbidity and mortality. Although Frey + DP showed 
a significantly longer operative time and larger bleeding 
amount than the Frey procedure alone because of additional 
DP, the addition of DP did not markedly affect the postop-
erative outcomes of the Frey procedure. The postoperative 

nutritional status, which reflects the exocrine pancreatic 
function, was similarly improved in the two groups. We 
already clarified that the nutritional status after the Frey 
procedure is superior to that of pancreatic resection [16], 
and the results of this study also indicated that the feasibility 
of Frey + DP is comparable to that of the Frey procedure.

The main disadvantage of Frey + DP is the increased rate 
of new-onset DM compared with the Frey procedure alone. 
Indeed, 50% (3/6) of the patients in the Frey + DP group 
showed new-onset DM in our study. Despite the resected 
area being limited to only part of the pancreatic tail and most 
of the pancreatic parenchyma being preserved in Frey + DP, 
half of the patients developed DM after surgery. The high 
rate of new-onset DM after Frey + DP indicated the impaired 
endocrine function of the remnant pancreas in CP. Since 
pancreatectomy reduces the volume of the pancreas, it 

a b

Fig. 2  Abdominal CT scan of a recurrent case with pancreatic tail 
lesions after the Frey procedure. a Before the Frey procedure. There 
were pancreatic stones throughout the entire pancreas with a dilated 
main pancreatic duct. In addition, the patient had pancreatic tail 

lesions before the primary Frey procedure. b Recurrent pancreatitis 
after the Frey procedure. Abdominal pain recurred due to lesions of 
the pancreatic tail 9 months after the Frey procedure

a b

Fig. 3  Abdominal CT scan of a Frey + DP case. a There were pancreatic stones throughout the entire pancreas, especially in the pancreatic head. 
b The patient had a cyst in the pancreatic tail
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theoretically impairs the exocrine and endocrine pancreatic 
functions and can lead to DM, known as pancreatic DM [7]. 
In the present study, two of the three patients with new-onset 
DM have maintained a good endocrinal condition under the 
administration of antidiabetic drugs and a small amount of 
insulin usage, but the other patient who was unable to quit 
drinking alcohol showed severe DM due to alcohol abuse. 
Based on these results, abstinence from alcohol also seems 
to be important for ensuring the preservation of the postop-
erative pancreatic function and preventing recurrence of CP.

Two-step surgery, as shown in Case 1 (the Frey procedure 
as the first surgery, followed by DP when the Frey proce-
dure was ineffective), may be a therapeutic strategy for CP 
patients to reduce the rate of new-onset DM after Frey + DP. 
However, performing a second surgery is much more dif-
ficult than performing the first surgery due to adhesion, and 
whether or not a second surgery can be performed safely 
cannot be confirmed at the time of the first surgery, as the 
general condition of CP patients is usually impaired. We 
consider Frey + DP to be an acceptable procedure because 
new-onset pancreatic DM can be managed by lifestyle 
improvements and the administration of antidiabetic drugs 
and insulin. The merits of the procedure for controlling 
intolerable pain and improving the quality of life outweigh 
the demerit of postoperative pancreatic DM.

This study was limited by its sample size. Although our 
institution is a high-volume center for CP in Japan, there 
were only four patients each year who underwent the Frey 
procedure at our institution [10]. Therefore, it is difficult 
to plan a prospective study to compare the Frey procedure 
alone and Frey + DP for CP patients with head and tail 
lesions.

There are certain patients with severe lesions in the pan-
creatic tail who need additional DP after the Frey procedure 
[9]. Because the therapeutic effects of Frey + DP are sup-
posed to be similar to those of the Frey procedure, simul-
taneous Frey + DP may be indicated for those patients. At 
present, we perform simultaneous Frey + DP on patients 
with severe lesions in the pancreatic tail, such as intense 
calcification or cystic lesions, especially those with a par-
tially undilated pancreatic duct in the tail that is difficult to 
open and anastomose.

The reliability of the therapeutic effect of Frey + DP is 
expected to be clarified with the accumulation of further 
cases and examinations such as joint research with other 
institutions.

Conclusion

Frey + DP is a tolerable and useful operation for CP with 
dilation of the main pancreatic duct and symptomatic lesions 
in the pancreatic head and tail. It should be considered when 

performing the Frey procedure for CP patients with pancre-
atic tail lesions.
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