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Abstract
BACKGROUND 
For tumors in the neck and body of the pancreas, distal pancreatectomy (DP) has 
been the standard surgical procedure for the last few decades and central pancre-
atectomy (CP) is an alternative surgical option. Whether CP better preserves 
remnant pancreatic endocrine and exocrine functions after surgery remains a 
subject of debate.

AIM 
To evaluate the safety and efficacy of CP compared with DP for benign or low-
grade malignant pancreatic tumors in the neck and body of the pancreas.

METHODS 
This retrospective study enrolled 296 patients who underwent CP or DP for 
benign and low-malignant neoplasms at the same hospital between January 2016 
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and March 2020. Perioperative outcomes and long-term morbidity of endocrine/exocrine function 
were prospectively evaluated.

RESULTS 
No significant difference was observed in overall morbidity or clinically relevant postoperative 
pancreatic fistula between the two groups (P = 0.055). Delayed gastric emptying occurred more 
frequently in the CP group than in the DP group (29.4% vs 15.3%; P < 0.005). None of the patients 
in the CP group had new-onset or aggravated distal metastasis, whereas 40 patients in the DP 
group had endocrine function deficiency after surgery (P < 0.05). There was no significant 
difference in the incidence of diarrhea immediately after surgery, but at postoperative 12 mo, a 
significantly higher number of patients had diarrhea in the DP group than in the CP group (0% vs 
9.5%; P < 0.05).

CONCLUSION 
CP is a generally safe procedure and is better than DP in preserving long-term pancreatic 
endocrine and exocrine functions. Therefore, CP might be a better option for treating benign or 
low-grade malignant neoplasms in suitable patients.

Key Words: Central pancreatectomy; Distal pancreatectomy; Endocrine function; Exocrine function; 
Morbidity

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: For tumors in the neck and body of the pancreas, distal pancreatectomy (DP) has been the 
standard surgical procedure for the last few decades, and central pancreatectomy (CP) is an alternative 
surgical option. It remains unclear whether CP can better preserve remnant pancreatic endocrine and 
exocrine functions. The results of this retrospective study provide evidence that CP is a generally safe 
procedure and is better than DP in preserving long-term pancreatic endocrine and exocrine functions.
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INTRODUCTION
With developments in diagnostic imaging systems, the diagnosis and incidence of benign or low-grade 
malignant pancreatic tumors have increased. For tumors in the neck and body of the pancreas, distal 
pancreatectomy (DP) has been the standard surgical procedure for the last few decades. DP is usually 
combined with splenectomy, and excessive pancreatic tissue is resected during the procedure. As a 
result, DP can lead to pancreatic endocrine or exocrine insufficiency[1,2]. Therefore, it could be 
beneficial to consider alternative approaches that preserve pancreatic exocrine and endocrine function 
in patients who require pancreatectomy.

Central pancreatectomy (CP) was first reported by Guillemin and Bessot[3] for the treatment of 
chronic pancreatitis and pancreatic transection injury, and the modern technique of CP can be attributed 
to Dagradi and Serio from the Verona group. In the CP procedure, the middle segment of the pancreas 
is removed and the distal pancreas and spleen are preserved. With this limited resection approach, the 
normal, uninvolved pancreatic parenchyma can be conserved, and thus, the risk of postoperative 
exocrine and endocrine dysfunction is reduced[4]. Given its advantages, some surgeons recommend CP 
as an alternative surgical option for tumors in the body or neck of the pancreas, as it may improve the 
quality of life of patients by preserving the pancreatic parenchyma and reducing the incidence of 
pancreatic endocrine and exocrine insufficiency. However, CP involves reconstruction of the digestive 
tract, and thus may result in a higher risk of postoperative morbidity than DP, especially with regard to 
the occurrence of postoperative pancreatic fistula (POPF)[5]. Several studies have compared the short- 
and long-term outcomes of the two procedures, but the efficacy and safety of CP compared to DP are 
unclear[6]. This study sheds light on this topic by evaluating and comparing the safety and efficacy of 
CP and DP for the treatment of benign or low-grade malignant pancreatic tumors in the neck and body 
of the pancreas based on perioperative outcomes and endocrine and exocrine function states.
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MATERIALS AND METHODS
Study design and data collection
This study enrolled patients with benign or low-grade malignant neoplasms of the pancreas at the First 
Affiliated Hospital of Zhejiang University, School of Medicine (Hangzhou, China) between January 2016 
and January 2021. The inclusion criteria were as follows: (1) Age of 18-75 years; (2) Eastern Cooperative 
Oncology Group performance status score of 0-1; (3) Pathological diagnosis of noninvasive intraductal 
papillary mucinous neoplasm, mucinous cystic neoplasm, serous cystic neoplasm (SCN), solid pseudo-
papillary neoplasm (SPN), or benign neuroendocrine tumor; and (4) Having received DP (with or 
without splenectomy) or CP. The exclusion criteria were as follows: (1) Patients with more than one 
primary pancreatic tumor; (2) Age younger than 18 years or older than 75 years; (3) Pathological 
diagnosis of invasive carcinoma or other types of lesions; or (4) Having received extra organ resection 
beyond the standard DP (with or without splenectomy) or CP. Finally, 296 patients were enrolled, of 
whom 34 underwent elective CP and 262 underwent DP. The study was approved by the institutional 
review board of the hospital.

Perioperative data and long-term clinical outcomes of endocrine and exocrine function were 
retrospectively collected and analyzed, including patient characteristics, type of surgery, preoperative 
radiologic imaging, and preoperative and postoperative laboratory test results. The distance between 
the tumor and left-side border of the superior mesenteric vein (SMV) was measured based on 
preoperative computed tomography images.

Postoperative complications
According to the International Study Group on Pancreatic Fistula criteria, POPF was defined as a 
measurable volume of drainage fluid with an amylase level more than three-times the upper limit of 
normal after postoperative day 3. Grade B or C of POPF was defined according to the clinical impact of 
POPF on the patient’s postoperative course. Delayed gastric emptying (DGE) has been classified into 
three grades according to its severity by the International Study Group of Pancreatic Surgery. Only 
grades B and C correspond to a DGE with clinical impact prolonging overall hospital stay. Postoperative 
morbidity was also graded according to Clavien-Dindo classification.

Evaluation of endocrine and exocrine functions
Fasting blood glucose was tested routinely in patients after surgery. Short- and long-term endocrine 
deficiency was defined as deterioration of endocrine function control capacity, as indicated by new-
onset diabetes mellitus (DM) after surgery and aggravation of DM (which meant that patients who had 
been previously diagnosed with and treated for DM required modified treatment after the operation). 
Exocrine function was evaluated based on the incidence of diarrhea after surgery.

Statistical analyses
Patient characteristics, surgical procedures, perioperative outcomes, endocrine and exocrine functions of 
the pancreas, and distance between the tumor and left-side border of the SMV were compared using the 
t-test or Wilcoxon signed-rank test for continuous variables and the chi-square test for categorical 
variables. Statistical analyses were performed using SPSS version 22.0 (IBM Corp., Armonk, NY, United 
States). P < 0.05 was considered statistically significant.

RESULTS
Demographic characteristics of the patients
No significant differences were observed between the DP and CP groups regarding sex, age, 
preoperative body mass index, preoperative hypertension, preoperative DM, or pancreatic tumor size 
(Table 1). There was a difference in the distance between the tumor and left-side border of the SMV, but 
it was not significant. With regard to pathologic diagnosis, a higher proportion of patients in the CP 
group had cystic neoplasms (n = 31, 91.2%). Furthermore, the CP group also had a higher incidence of 
SCNs (n = 13, 38.2%) and SPNs (n = 13, 38.2%). The incidence of these lesions was similar within the DP 
group.

Perioperative outcomes
A significant difference in operation time was observed between the CP and DP groups (Table 2), which 
was significantly longer in the CP group. Laparoscopic surgery was more frequently performed in the 
DP group than in the CP group [75.8% (n = 197) vs 26.5% (n = 9); P < 0.005]. No significant intergroup 
difference was observed in perioperative blood loss volume. It was reasonable that in the CP group, no 
patient received splenectomy, whereas in the DP group, 123 patients received DP associated with 
splenectomy, mainly due to the tissue adhesions or preoperative diagnosis of malignancy.
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Table 1 Demographic and clinical characteristics of the patients

Central pancreatectomy (n = 34) Distal pancreatectomy (n = 262) P value

Gender 0.627

Female, n (%) 25 (73.5) 182 (69.5)

Male, n (%) 9 (26.5) 80 (30.5)

Age (x ± s, yr) 48 ± 13 52 ± 15 0.172

BMI (x ± s, kg/m2) 22.4 ± 3.4 22.8 ± 3.6 0.545

Hypertension, n (%) 7 (20.6) 78 (29.8) 0.266

Diabetes, n (%) 2 (5.9) 28 (10.7) 0.568

Tumor size (x ± s, cm) 3.2 ± 1.8 3.5 ± 2.1 0.433

Pathology, n (%) < 0.005

SCN 13 (38.2) 48 (18.3)

IPMN 4 (11.8) 47 (17.6)

MCN 1 (2.9) 50 (19.1)

SPN 13 (38.2) 52 (19.8)

pNET 3 (8.8) 50 (19.1)

Median distance between the tumor and left-side 
border of the SMV (mm)

8.9 (10.9) 12.5 (11.4) 0.076

BMI: Body mass index; SCN: Serous cystic neoplasm; IPMN: Intraductal papillary mucinous neoplasm; MCN: Mucinous cystic neoplasm; SPN: Solid 
pseudopapillary neoplasm; pNET: Pancreatic neuroendocrine tumor; SMV: Superior mesenteric vein.

No significant difference was observed in overall morbidity between the two groups (P = 0.370). 
Additionally, morbidities in the two groups were all within Clavien-Dindo grade IIIb. Regarding 
clinically relevant POPF, no significant difference was observed between the two groups. However, the 
incidence of DGE was significantly higher in the CP than in the DP group [29.4% (n = 10) vs 15.3% (n = 
41); P < 0.005]. Despite these findings, in the CP group, DGE was classified as grade A in most cases, 
and none of the patients had grade C DGE. No postoperative bleeding occurred in either group. No 
significant differences in chyle leakage, wound infection, or other complications were observed. The 
length of postoperative hospital stay was longer in the CP group, but the difference was not statistically 
significant (17.0 d vs 11.0 d; P = 0.783). No in-hospital mortality was observed in either group, and none 
of the patients required readmission.

Pancreatic endocrine and exocrine functions
Regarding pancreatic endocrine function, none of the patients had new-onset or aggravated DM in the 
CP group, whereas 40 patients had endocrine function deficiency after surgery in the DP group (P < 
0.05) (Table 3). Regarding exocrine function, only 2 (5.9%) patients had diarrhea immediately after 
surgery in the CP group, whereas 46 (17.5%) patients in the DP group had diarrhea immediately after 
surgery; however, the incidence was not significantly different. At 12 mo after surgery, however, the 
incidence of diarrhea was significantly higher in the DP group than in the CP group [0% (n = 0) vs 9.5% (
n = 25); P < 0.05]. These findings indicate that the incidence of exocrine function deficiency was 
significantly higher in the DP group.

DISCUSSION
Our study evaluated and compared the safety and efficacy of CP and DP for benign or low-grade 
malignant neoplasms in terms of perioperative outcomes and endocrine and exocrine functions. The 
results showed that CP had similar safety as DP, as the patients who underwent CP did not have more 
morbidities associated with surgery or more clinically relevant POPF compared to those who 
underwent DP. Furthermore, although CP was associated with a higher incidence of DGE, it was mild 
in most patients. Moreover, CP preserved the pancreatic parenchyma, and had significant advantages 
over DP for preserving pancreatic endocrine and exocrine functions.

Whether CP can preserve the exocrine and endocrine functions of the pancreas remains a subject of 
debate, even though there is some indication that CP could preserve the pancreatic volume compared 
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Table 2 Perioperative outcomes of the patients

Central pancreatectomy (n = 34) Distal pancreatectomy (n = 262) P value

Surgery, n (%) < 0.005

Open surgery 25 (73.5) 63 (24.2)

Laparoscopy 9 (26.5) 197 (75.8)

Associated splenectomy, n (%) 0 123 (46.9)

Mean operation time (min) 311 244 < 0.05

Mean perioperative blood loss (mL) 159 167 0.525

Overall morbidity, n (%) 0.370

I 13 (38.2) 91 (34.0)

II 11 (32.4) 95 (36.6)

IIIa 2 (5.9) 17 (6.5)

IIIb 2 (5.9) 3 (1.1)

IV 0 (0) 0 (0)

POPF grade, n (%) 0.073

A 15 (44.1) 67 (25.6)

B 10 (29.4) 85 (32.4)

C 0 (0) 0 (0)

Chyle leakage, n (%) 1 (2.9) 15 (5.7) 0.926

Delayed gastric emptying, n (%) < 0.05

A 9 (26.5) 38 (14.5)

B 1 (2.9) 2 (0.8)

C 0 (0) 1 (0.4)

Postoperative bleeding 0 (0) 0 (0) -

Mean postoperative hospital stay (d) 17 11 0.783

In-hospital mortality 0 (0) 0 (0) -

Readmission within 30 d 0 (0) 0 (0) -

Data are presented as n (%), unless otherwise indicated. POPF: Postoperative pancreatic fistula.

Table 3 Endocrine and exocrine function of the pancreas after surgery

Central pancreatectomy (n = 34) Distal pancreatectomy (n = 262) P value

Endocrine function

New-onset or aggravated diabetes mellitus, n (%) 0 (0) 40 (15.3) < 0.05

Exocrine function

Diarrhea immediately after surgery 2 (5.9) 46 (17.6) 0.059

Diarrhea 12 mo after surgery 0 (0) 25 (9.5) < 0.05

Data are presented as n (%).

with DP[5,7-12]. Shin et al[13] reported in a randomized controlled study that pancreatic parenchymal 
atrophy was frequently observed in patients who had clinically relevant POPF, indicating that clinically 
relevant POPF might reduce pancreatic parenchymal, especially in long-term outcomes. This might 
explain why some previous studies drew the conclusion that CP could not preserve exocrine and 
endocrine function, as in those studies, CP was associated with a higher incidence of clinically relevant 
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POPF than DP[5,7,9].
However, in this study, we found that new-onset or aggravated DM and diarrhea seldom occurred in 

the CP group compared to the DP group, indicating that exocrine and endocrine functions were indeed 
preserved with CP. In addition, a previous study compared postoperative body weight change between 
CP and DP and found that body weight improved within 2 years after CP, indicating that CP is an 
effective procedure in terms of exocrine function[8]. Thus, the findings to date, including those of the 
present study, generally indicate that CP is beneficial in terms of preserving pancreatic function. Since 
CP involves pancreaticojejunostomy and reconstruction of the digestive tract, it is reasonable that it 
might have a higher incidence of POPF than DP.

In this study, the incidence of diarrhea after surgery was not significantly higher in the DP group 
immediately after surgery but was significantly higher in the DP group after 12 mo. It is possible that 
the early preventive use of pancreatin after DP led to underestimation of the perioperative incidence of 
diarrhea. Several studies have reported that CP is associated with more morbidities (including POPF) 
than DP[5,7,9]. For example, a retrospective and propensity score-matched study reported that the CP 
procedure had more morbidities classified as Clavien-Dindo grade IIIa or worse than the DP procedure 
and required longer hospital stays[9]. However, in this study, the overall morbidities were similar 
between the two groups and there were no significant differences in the incidence of clinically relevant 
POPF, the most concerning morbidity. In our center, duct-to-mucosa is the most commonly used 
method in pancreaticojejunostomy, and this might be the reason why CP does not increase the incidence 
of clinically relevant POPF.

In most previous studies, open technique is performed in the CP procedure[14], although this does 
not mean that laparoscopy is not suitable for CP. Over the years, it has been accepted that laparoscopic 
surgery can be performed safely and effectively by experienced surgeons in suitable patients. Laparo-
scopic surgery has several apparent advantages over conventional open techniques, such as early 
postoperative recovery, short hospital stay, and minimally invasive incision[15-17]. In this study, 
laparoscopic CP was also performed in some patients, and it showed similar safety and efficacy. 
Therefore, it is likely that laparoscopic CP will be the mainstream choice for the treatment of benign and 
low-grade malignant pancreatic neck and body tumors in the future.

This study had some limitations. First, this was a retrospective analysis of patients from a single 
institution, so the results are subject to the biases and limitations inherent to retrospective studies. 
Additionally, a much lower number of patients underwent CP than DP, so this difference could also 
have introduced biases. Another limitation is the lack of standard criteria for evaluating exocrine 
function. In some studies, changes in stool elastase levels before and after surgery are used as an 
indicator of exocrine function[9], whereas in this study, the incidence of diarrhea was used as an 
indicator of exocrine function. The incidence of diarrhea caused by exocrine function deficiency may 
have been overestimated, since diarrhea could also be caused by other factors.

CONCLUSION
In conclusion, we found that CP is a generally safe procedure, and has similar postoperative morbidity 
to DP. Further, CP is associated with better remnant pancreatic endocrine and exocrine functions after 
surgery. Therefore, CP might be a better option for the treatment of benign or low-grade malignant 
neoplasms in suitable patients as it can preserve distal pancreatic volume and improve patients’ quality 
of life.

ARTICLE HIGHLIGHTS
Research background
For tumors in the neck and body of the pancreas, distal pancreatectomy (DP) has been the standard 
surgical procedure for the last few decades, and central pancreatectomy (CP) is an alternative surgical 
option.

Research motivation
Whether CP can better preserve remnant pancreatic endocrine and exocrine functions after surgery 
remains a subject of debate.

Research objectives
This study evaluated the safety and efficacy of CP compared with DP for benign or low-grade 
malignant pancreatic tumors in the neck and body of the pancreas.
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Research methods
This retrospective study enrolled 296 patients who underwent CP or DP for benign and low-malignant 
neoplasms at the same hospital between January 2016 and March 2020. Perioperative outcomes and 
long-term morbidity of endocrine/exocrine function were prospectively evaluated.

Research results
No significant difference was observed in overall morbidity or clinically relevant postoperative 
pancreatic fistula (POPF) between the two groups (P = 0.055). Delayed gastric emptying occurred more 
frequently in the CP group than in the DP group (29.4% vs 15.3%; P < 0.005). None of the patients in the 
CP group had new-onset or aggravated distal metastasis, whereas 40 patients in the DP group had 
endocrine function deficiency after surgery (P < 0.05). There was no significant difference in the 
incidence of diarrhea immediately after surgery, but at postoperative 12 mo, a significantly higher 
number of patients in the DP group than in the CP group had diarrhea (0% vs 9.5%; P < 0.05).

Research conclusions
CP was a generally safe procedure and better than DP in preserving long-term pancreatic endocrine and 
exocrine functions. Therefore, CP might be a better option for treating benign or low-grade malignant 
neoplasms in suitable patients.

Research perspectives
The incidence of POPF might affect remnant pancreatic endocrine and exocrine functions after CP. 
Future prospective studies are needed with more CP cases and laparoscopic CP cases to verify this 
result. More reliable methods to evaluate pancreatic endocrine and exocrine functions are needed to 
obtain more accurate results.
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