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ABSTRACT
Objectives Central pancreatectomy is an alternative to pancreaticoduodenectomy and distal pancreatectomy in benign tumors of pancreatic 
isthmus management. It is known for a high postoperative fistula rate. The purpose of this study was to compare postoperative pancreatic 
fistula incidence between pancreatico-jejunostomy and pancreatico-gastrostomy. Methods Fifty-eight patients (mean age 53.9±1.9 years) 
who underwent a central pancreatectomy in four French University Hospitals from 1988 to 2011 were analyzed. The distal pancreatic 
remnant was either anastomosed to the stomach (44.8%, n=25) or to a Roux-en-Y jejunal loop (55.2%, n=35) with routine external drainage 
allowing a systematic search for postoperative pancreatic fistula. Postoperative pancreatic fistula severity was classified according ISGPF 
classification and Clavien-Dindo classification. Results The groups were similar on sex ratio, mean age, ASA score, pancreas texture, 
operative time and operative blood loss. Mean follow up was 36.2±3.9 months. Postoperative pancreatic fistula were significantly more 
frequent after pancreatico-gastrostomy (76.9% vs. 37.5%, p=0.003). Pancreatico-gastrostomy was associated with significantly higher 
grade of postoperative pancreatic fistula both when graded with ISGPF classification (p=0.012) and Clavien-Dindo classification (p=0.044). 
There was no significant difference in postoperative bleeding (0.918) and delayed gastric emptying (0.877) between the two groups. 
Hospital length stay was increased after pancreatico-gastrostomy (23.6±3.5 days vs. 16.5±1.9 days, p=0.071). There was no significant 
difference in incidence of long-term exocrine (3.8% vs. 19.2%, p=0.134) and endocrine (7.7% vs. 9.4%, p=0.575) pancreatic insufficiencies. 
Conclusions Pancreatico-gastrostomy was associated with a significantly higher POPF incidence and severity in central pancreatectomy. 
We recommend performing pancreatico-jejunostomy especially in older patients to improve central pancreatectomy outcomes.
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INTRODUCTION
Pancreatic tumors have been traditionally treated 

either by pancreaticoduodenectomy (PD) or distal 
pancreatectomy.

Development of cross sectional and functional imaging 
has improved the diagnosis of small low-grade pancreatic 
tumors, and their discrimination from potentially 
malignant tumors. Benign and low-grade tumors often 
occur in young patients with high life expectancy, leading 
to the development of parenchyma sparing techniques to 
preserve long-term endocrine and exocrine pancreatic 
function.

Central pancreatectomy (CP) and enucleation are 
alternatives to more extensive surgeries for benign or 
low-grade malignancy tumors in pancreatic isthmus 
management [1]. CP allows the resection of tumors up to 
5 cm while enucleation is limited to small lesions far from 
the main pancreatic duct [2]. 

Though CP is performed on less severe patients than 
PD, CP is associated with a similar or even higher morbidity 
rate, and with a non-nil mortality rate [3, 4].

These outcomes are mainly related to a high 
postoperative pancreatic fistula (POPF) incidence after 
CP. The most common explanation is the presence of two 
pancreatic remnants, mainly the distal remnant [3].

Surgical and perioperative features have been 
extensively studied in PD in order to decrease POPF 
risk. In this context, the role of the pancreatico-enteric 
anastomosis is still debated [5, 6, 7, 8].

In a previous study, Venara et al. showed that 
pancreatico-gastrostomy (PG) was associated with 
a significantly higher POPF rate than pancreatico-
jejunostomy (PJ) after CP, but failed to show a clinically 
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relevant difference in severity of outcomes between the 
two techniques [9].

In order to confirm these results, this study was 
designed (i) to confirm that PJ was associated with a 
significant decrease of POPF incidence than PG, and (ii) 
to determine if PJ resulted in a reduced high-grade fistula 
rate and severity of outcomes after CP.

METHODS
Study Design

A retrospective study was performed with four French 
referral centers from January 1988 to December 2011.

Twenty-five patients from Nantes and Angers were the 
population analyzed in an initial study from Venara et al. 
[9]. In order to empower the study, we included patients 
from University Hospitals of La Timone (Marseille) and 
Rennes (Figure 1).

The study included all patients with a proven or 
suspected to be benign or low-grade malignancy tumor 
located in the middle part of the pancreas, and who 
underwent a CP with the realization of PJ or PG.

Exclusion criteria were age under 18 and preoperative 
suspicion of malignant tumor.

Intervention

Experienced surgeons performed all procedures 
according to a standard technique described by Sastre 
et al. [10]. The PJ was a trans-mesocolic single plan end-
to-side anastomosis. The PG was a single layer end-to-
side anastomosis. Both anastomoses were performed 
with single-sutures; the number of which was left to the 
surgeon’s opinion. No double omental flap was performed 
to protect the anastomosis. 

There was no use of preoperative prophylactic 
somatostatin analogues.

Systematic external drainage was at the side of the 
pancreatico-enteric anastomosis. Internal main pancreatic 
duct stenting could be used depending upon the surgeon’s 
practice.

Postoperatively, systematic measurement of amylase 
in drains was carried out on the third or fifth day, or more 
frequently if there was a proven fistula. 

Outcomes

POPF diagnosis was done in cases with amylase in 
the external drains that increased more than three fold 
from the amylase serum value on postoperative day 3 
or 5 (according to ISGPF definition) [11]. Anastomotic 
leak severity was classified both according to the scoring 
system of Bassi et al. [11] and to the classification proposed 
by Dindo et al. [12]. 

Delayed gastric emptying was assessed in cases of 
inability to return to standard diet one week after surgery, 
including prolonged nasogastric intubation of the patient 
according to IGSPS definition [13].

Postoperative pancreatic endocrine insufficiency was 
defined as fasting plasma glucose level at least 7.0 mmol/L 
and the need for diet modification, oral medication 
or insulin, or the need of extra-medication in case of 
preexistent diabetes.

Postoperative pancreatic exocrine insufficiency was 
defined as persistent symptoms (eg, steatorrhea) requiring 
pancreatic enzymes supplementation.

Sample Size Estimation and Statistical Analysis

This study was powered as a superiority trial; the 
design based on the previous results from Venara et 
al. [9]. The null hypothesis was that PJ and PG were 
associated with similar POPF rates after CP. The 
alternative hypothesis was that PJ was superior to PG 
with regard to POPF incidence reduction. POPF rates 
were respectively taken to be 20% in PJ group and 70% 
in the PG group considering the previous results of 
18.1% and 71.4% [9]. Group sample sizes were taken 
to be 19 in each group to detect a significant difference 
between the groups with a significant level of 0.05 and 
a 90% power.

Data on patient co-morbidities, operative features, 
and postoperative course were prospectively collected, 
retrospectively collated in a Microsoft Excel® spreadsheet 
and statistically analyzed using SPSS® software (version 
22). Qualitative data are expressed in percentages and 
quantitative data in mean ± SD. The Chi2 test was used for 
categorical variables and the Mann Whitney or Kruskal 
Wallis test were used for quantitative variables. The 
difference was considered statistically significant when 
the p-value was less than 0.05 (p<0.05).

RESULTS 
Fifty-eight patients, 40 women and 18 men were 

analyzed. The mean age was 53.9±1.9 years and the mean 
follow up after hospital discharge was 36.2±3.9 months. 
Twenty-five patients (44.8%) had PG and 32 patients 
(55.2%) had PJ.

Preoperative staging included computed tomography 
in 84.7% of cases, endoscopic ultrasonography in 88.1% of 
cases, and magnetic resonance imaging in 64.4% of cases.

There was no difference between the two groups with 
regard to medical history (Table 1) or operative data 
(Table 2). Histological diagnoses of pancreatic tumors 
were similar in the two groups.

The postoperative complications are reported in Table 3.

POPF incidence was significantly increased after PG 
(76.9% vs. 37.5%, p=0.003).

PG was associated with significantly higher grade 
of fistula, both when graded with ISGPF classification 
(p=0.012) and Clavien-Dindo classification (p=0.044).

There was no death related to POPF in this series. 
A 54-year-old woman who underwent CP with PJ for a 
24 mm mucinous cystadenoma died because of massive 
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p=0.575). Two cases of endocrine pancreatic insufficiency 
after PJ were worse in preexistent diabetes.

DISCUSSION
This study confirmed the previous results showing a 

significant decrease of POPF incidence in CP performed 
with a PJ. POPF rate was more than twice as high in the PG 
group as in the PJ group. We also displayed a significant 
reduction of POPF severity with PJ.

CP allows healthy parenchyma sparing in benign 
pancreatic isthmus or low-grade malignancy tumor 
resection.

CP is a known as a safe procedure despite a high 
postoperative morbidity rate, mainly due to a high POPF 
incidence. Moreover, POPF was the most frequent short-
term complication after CP (40.9%) in a recent review [14]. 

pulmonary embolism on postoperative day 1, and thus 
excluded from analysis. 

Postoperative hemorrhage complication did not differ 
after PG and PJ (23.1% vs. 15.6%, p=0.349).

Surgical re-intervention was necessary in 8 cases 
(13.8%). Severe complications due to POPF, which did not 
required surgery, were radiologically managed, either with 
radio-embolization in case of bleeding, or radiologically-
guided punction in cases of intra-abdominal collections.

Hospital length stay was increased after PG (23.6±3.5 
days vs. 16.5±1.9 days, p=0.071).

Pancreatic exocrine insufficiency was more frequent 
after PJ (3.8% vs. 19.2%%, p=0.134).

Pancreatic endocrine insufficiency incidence was 
similar between the two groups (7.7% vs. 9.4%%, 

Figure 1. Flowchart.
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Nearly half of these fistulas were severe fistulas (grade B 
and/or C). CP should be reserved for selected patients who 
are able to sustain severe postoperative complications, 
and who would benefit from long-term endocrine and 
exocrine function preservation [4]. The main challenge 
in CP, in order to decrease the severity of postoperative 
outcomes, is to decrease POPF rate.

The most commonly identified risk factors of POPF are 
a soft fatty non-calcified non-fibrotic pancreas, and a main 
pancreatic duct diameter of less than or equal to 3 mm 
[15]. Other associated risk factors are generally missing 
in patients who underwent CP: reoperation, emergency 
surgery, jaundice, kidney failure, cirrhosis, cardiovascular 
disease, and malnutrition.

Although PJ seems to be the most common way 
to perform pancreatico-enteric anastomosis after CP, 
PG were more frequent in the largest series [4, 14, 
16, 17]. Some of these studies concerning mainly PG 
reported very low POPF rates but did not routinely place 
intraoperative drains or check amylase levels, leading to 
an underestimation of POPF rate [16, 17]. We report POPF 
rates of a 76.9% and 37.5% after PG and PJ, testing for 
POPF with systematic drainage and amylase assay. These 
results are consistent with the studies of Goudard et al. and 
Crippa et al. who respectively focused on PG and PJ after 
CP, and assessed POPF incidence to be 65% after PG and 
44% after PJ [4, 18]. 

The Influence of pancreatico-enteric reconstruction has 
been extensively studied in PD. Although the superiority 
of one of the two techniques is still under debate, recent 
controlled studies and meta-analyses advocate the use 
of PG in order to decrease POPF rate [7, 8, 19, 20]. The 
first argument for the benefit of PG is that acidity and 
lack of enterokinases in the gastric lumen should prevent 
pancreatic enzymes from being activated; avoiding local 
deleterious effects on anastomotic tissues. Secondly, the 
rich blood supply in the stomach wall compared to jejunal 
wall promotes anastomotic healing. Finally, use of upper 
endoscopy could help to assess PG avoiding more invasive 
exploration. PJ is technically more demanding and requires 
additional time to fix a Roux-en-Y jejunal loop. However, in 
our experience we did not observe an increase in operative 
time when performing PJ.

We argue that PJ allows decreased tension on 
pancreatico-enteric anastomosis, even if anatomical 
proximity of the stomach would suggest the opposite. 
Moreover, it would allow to keep the distal pancreatic 
remnant away from the splenic vessels, and to avoid severe 
postoperative bleeding.

Peri-pancreatic drainage did not allow us to determine 
whether the pancreatic stump or the pancreatico-enteric 
anastomosis was responsible for POPF occurrence. Right 
pancreatic stump is suspected to be involved in most POPF 
occurrences [4]. However, there was no difference in right 
pancreatic remnant closure when performing by either 
PG or PJ, leading us to impute our findings to the type 
of pancreatico-enteric anastomosis. Most severe POPF 
seem to occur from the distal remnant, making the choice 
of anastomosis all the more important to avoid severe 
consequences of anastomotic leakage [4].

We observed a significant decrease of POPF severity 
after PJ. Use of Clavien-Dindo classification in addition to 
ISGPF classification allowed us to highlight the most severe 
POPF among clinically relevant fistulas that required 
invasive management. Indeed, ISGPF classification assesses 
as grade C fistulas when either a surgical or a radiological 
management is needed [11]. Bleeding complications were 
responsible for the most severe outcomes, and often led 
to re-intervention. Radio-embolization was an alternative 
to surgical treatment in case of hemorrhage. There was 

 
PG PJ

p
n=26 n=32

Sex, n (%) 0.083

    Female 15 (57.7) 25 (78.1)
    Male 11 (42.3) 7 (21.9)
Age, year±SD 56.3±2.9 52±2.5 0.297
BMI, kg/m2±SD 25.9±1.1 25.2±2.5 0.81
ASA score (n, %) 0.332

    1 4 (15.4) 10 (31.2)
    2 21 (80.8) 19 (59.4)
    3 1 (3.8) 3 (9.4)
Preoperative diabetes, n (%) 1 (3.8) 1 (3.1) 0.689
Pancreatitis, n (%) 5 (19.2) 8 (25) 0.426
Mean tumor size, mm±SD 25.5±4.1 22.7±2.4 0.544

Table 1. Patients characteristics.

  PG PJ p
n=26 n=32

Operative time, min±SD 272±18 252±10 0.344
Blood loss, mL±SD 459±135 422±120 0.85
Length of resected pancreas, mm±SD 34.9±0.4 40.8±3.1 0.26
Pancreatic texture 0.867
        •         Soft 12 (50) 14 (48.3)
        •         Intermediate 6 (25) 9 (31)
        •         Hard 6 (25) 6 (20.7)
Tumor histology 0.344
       •         Benign tumor*, n (%) 16 (61.5) 20 (62.5)
       •         IPMT 11 4
       •         SC 1 9
       •         MC 2 4
       •         CPPT 1 2
       •         Dysplasia 0 1
       •         Malignant tumor**, n (%) 4 (15.4) 1 (3.1)
       •         NET***, n (%) 4 (15.4) 6 (18.8)
       •         Non tumoral disease****, n (%) 2 (7.7) 5 (15.6)
       •         FLP 1 2
       •         AIP 1 0
       •         FL 0 3

Table 2. Operative data.

*Benign tumor; CPPT cystic pseudopapillary tumor; IPMT intraductal 
papillary mucinous tumor; MC mucinous cystadenoma; SC serous 
cystadenoma

**Malignant tumor: adénocarcinoma, cholangiocarcinoma

***NET neuroendocrine tumor

****Non tumoral disease; AIP auto-immune pancreatitis; FL fibrotic 
lesion; FLP focal lesion of chronic pancreatitis
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no significant difference of postoperative hemorrhage 
between the two groups. In case of abdominal collection, 
radiologically guided puncture was preferentially used. 
It was associated with less severe clinical outcomes, and 
was noted as a grade C fistula, or grade 3 of Clavien-Dindo 
classification. 

We reported one death in the PJ group, due to a massive 
pulmonary embolism on the first postoperative day. The 
main reported causes of death after CP was pancreatico-
enteric anastomosis leakage, multiple organ failure, 
hemorrhage, and pulmonary embolism [3, 4, 14]. Although 
the deadly outcome in our series was unrelated to POPF, it 
still illustrates the potential severity of outcomes after CP.

The clinical relevance of both POPF incidence and 
severity reduction in PJ group results in a hospital length 
stay decrease. Although, this difference remained not 
significant, it still resulted in a one-week-long reduction of 
hospital length stay after PJ.

CP has been developed as a parenchyma and long-
term function sparing technique in opposite to traditional 
extensive pancreatic surgery. Exocrine and endocrine 
failures occur in about 10% and 5% of the cases [14]. CP 
allows a significant reduction of endocrine insufficiency 
compared to distal pancreatectomy [14, 16, 18]. CP also 
showed a less pronounced effect on exocrine failure 
reduction [14, 18]. Long-term outcomes did not differ 
significantly from PJ and PG in this study. We still observed 
a higher exocrine failure incidence after PJ, which is similar 

to the trend reported by Iacono et al. [14]. On the contrary, 
PJ had been associated with reduction of exocrine failure 
after PD [21]. Pancreatico-enteric anastomosis seems to 
have no effect on postoperative endocrine function [22]. 

We report one of the largest series of patients managed 
with CP, comparing PJ with PG. However, our results need 
to be qualified by the heterogeneity of pancreatico-enteric 
reconstruction managements. Our study suffers from this 
bias because it is a retrospective study, including patients 
from four different centers. Thus, there was no prior 
standardization of the anastomosis technique.

Each surgeon had his own technical specificities to 
perform PJ or PG. Over the four University Hospitals 
participating in this study, two managed CP with only one 
technique of pancreatico-enteric anastomosis. Single plan 
anastomosis was the only reported technique, but type of 
wire and number of single sutures was left to the surgeon’s 
opinion. Use of another anastomosis technique, especially 
duct-to-mucosa or binding PJ or PG, or use of double 
omental flap, could have changed our results [23, 24].

We used routine peri-operative external drainage 
to allow us to test for POPF via systematic assays. Very 
few anastomoses were performed with internal main 
pancreatic duct stenting in one of the centers (either in PJ 
or PJ). The role of stenting is still debated. External stenting 
of pancreatico-enteric anastomosis seems to decrease 
POPF rate [25, 26]. Internal stenting did not result in a 
significant decrease of POPF incidence [25]. 

The possible preventive injection of somatostatin 
analogues should also be considered. Use of somatostatin 
analogues has been proved to reduce both POPF rate and 
complications, with no significant effect on mortality rate 
[27]. We did not use prophylactic somatostatine analogues 
in this study. Somatostatin analogues could be used in 
cases of proven POPF.

We conclude a lower risk of POPF and less severe 
complications with PJ in CP. These results need to be examined 
for long-term exocrine pancreatic function impairment after 
PJ. Significant decrease of POPF incidence and severity after 
PJ leads us to recommend PJ in CP rather than PG, especially 
in the oldest and frailest patients. Further prospective 
studies on CP, performed with a standardized technique, are 
necessary to confirm our results. 
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