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Introduction

Pancreatic surgery is highly technically challenging surgical 
procedure in general surgery field. With the development 
of surgical technics and medical instruments, patients 
undergoing pancreatic surgeries in specialized centers 
and received advanced perioperative care have resulted 
in less than 5% mortality rate (1). However, morbidity 

such as postoperative pancreatic hemorrhage (PPH) and 
postoperative pancreatic fistula (POPF) rates still remain 
as high as 3–45% (2-4). To further boost the short-
term outcome, the Enhanced Recovery After Surgery 
(ERAS) concept has been created. The ERAS program 
was firstly attempted by Kehlet in the early 1990s for 
gastrointestinal surgery (5). In pancreatic surgery, several 
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centers came up with different ERAS pathways that all 
could improve perioperative outcome and especially reduce 
morbidity of surgery (6-9). In 2012, the ERAS pancreas 
collaborative group set out a consensus ERAS protocol 
for pancreaticoduodenectomy (PD) (10). However, there 
has been no ERAS program designed specifically for distal 
pancreatectomy (DP). Considering the difference of both 
surgeries about anatomical features and operation ways, it is 
necessary to create an entirely new ERAS pathway for DP 
surgery. The aim of the study was to evaluate the effects of 
implementing the new ERAS pathway for DP.

Methods

Patients and methods

All 29 patients undergoing DP received the new ERAS 
pathway in Shanghai Ruijin Hospital between May 2016 
and November 2016 were included. These patients were 
compared with a group of patients after surgeries in the same 
period treated with conventional way. We adapted the ERAS 
guidelines for pancreaticoduodenectomy in 2012 (10) and 
our own ERAS protocol for PD (11) to develop this new 
ERAS program and applied it to patients in ERAS group as 
shown in Table 1.

The standard of removing drainage tube was created by 
several references and combined with our own experience, 
and effective (11-14). The same surgical team carried out 
all surgeries on the ERAS group and conventional group. 
All patients were enrolled in a database retrospectively. 
The following data were extracted from database: age, sex, 
BMI, comorbidity and routine liver function test including 
bilirubin level. Operative variables included type of surgery, 
duration of surgery, blood loss and blood transfusions. 
Postoperative outcomes were the length of stay (LOS), 
complications, mortality, and readmission rate. Unplanned 
reoperation, mortality, readmission, and complications were 
recorded before discharge or within 30 days after discharge. 
POPF, PPH and delayed gastric emptying (DGE) were 
defined according to the International Study Group of 
Pancreatic Surgery (2,4,15). When patients had symptoms 
such as leukocytosis, abdominal pain, and fever associated 
with abdominal effusion, a CT-guided insertion of a new 
percutaneous drainage (PCD) catheter would be performed. 
The drainage tube was removed after evaluation of CT 
scan. After discharge, a follow-up abdominal CT scan was 
performed every 3 months after surgery. 

This study was approved by the ethics committee of 

Ruijin Hospital. And the study protocol was also approved 
by the institutional review board at Ruijin Hospital.

Statistical analysis 

Statistical analysis was performed using statistical package 
for the social sciences (SPSS) software version 17.0 (SPSS 
Inc, Chicago, III, USA). Fishers exact test or Student’s t-test 
was used to evaluate significant differences. Descriptive data 
are reported as mean ± SD and median (range), or number 
of patients and percentage. P value <0.05 was considered 
statistically significant.

Results

Patients, preoperative variables and operative variables

Demographic patient data, preoperative variables, and 
intra-operative variables are shown in Table 2. There was no 
significant difference in the baseline parameters of patients 
between the ERAS and conventional groups. Operative 
variables of these two groups also did not significantly 
differ.

Postoperative parameters of the 2 groups

The time of nasogastric tube (NGT) removed days, 
drainage-tube-off days and postoperative length of stay 
were remarkably reduced in the ERAS group (Table 3). 
Although this study required two weeks fasting of patients, 
exhaust defecation time shows no difference between the 
two groups. Difference was observed in start with oral soft 
solid food between two groups because the ERAS group 
started intake until postoperative day (POD) 14 days. 
What we should emphasize is this: In ERAS group, there 
was no patient discharged with abdominal drainage tube. 
Nevertheless, there were still 7 (36.8%) patients treated 
with conventional procedure discharged with drainage tube.

Postoperative complications and mortalities of the  
2 groups

The differences of postoperative complications and 
mortalities in detail between two groups are shown in Table 4.  
In ERAS group, after early removal of the abdominal 
drainage tube, Abdominal effusion was present in nine 
patients. Three of those patients due to symptomatic 
encapsulated effusion received CT-guided puncture 
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Table 1 Protocols for the ERAS program and traditional care

Hospital stay ERAS group No-ERAS group

Day of admission Hospitalizing education for ERAS Hospitalizing education

Day before surgery Normal oral nutrition until 10 PM Overnight fasting

No pre-anaesthetic medication Oral bowel preparation

No bowel preparation

Preoperative education

Day of surgery Fasting for liquids 6 hours before surgery Intravenous fluids

Elastomeric analgesia pump:(flurbiprofen 300 mg,  
tramadol 60 mg in 100 mL saline solution)

Antimicrobial prophylaxis

Avoidance of excessive i.v. fluid No intravenous analgesia

Antimicrobial prophylaxis Octreotide (Sandostain) 100 μg q8h subcutaneous 
injection

First night in ICU Tramadol 100 mg intramuscular injection

Octreotide (Sandostatin) 100 μg q8h subcutaneous 
injection

Day1 Patient sent back to surgical ward Total parenteral nutrition (TPN)

Removal of NGT if <200 mL

Urinary catheters removed

Continue mobilization 4 times per day

Sip of warm water at rate ≤30 mL/L

Total parenteral nutrition (TPN)

Day2 Metoclopramide to prevent nausea and vomiting –

Removal of drainage tube if AMY <5,000 U/L and  
volume <50 mL in two days

Day3 Stop elastomeric pump Removal of urinary catheter after intermittent clipping

Oral analgesia of NSAIDs Sip of warm water at rate ≤30 mL/L with flatus 

Off-bed movement with assistant

Day5 – Removal of NGT if <100 mL with flatus or defecation

Day7 – Soft solid diet

Removal of drainage tube if AMY <300 U/L and 
volume =0 mL in two days

Day14 Soft solid diet –

Stop TPN support

Stop octreotide (Sandostatin)

Discharge criteria Absence of fever for >48 h Absence of fever for >48 h

Able to take solid food Able to take solid food

Passage of normal stools Passage of normal stools

Adequate mobilization Adequate mobilization 

No drainage tube With/without drainage tube

Acceptance of discharge by the patient Acceptance of discharge by the patient
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Table 2 Demographic and intra-operative parameters of the 2 groups

Parameters ERAS (n=29) Conventional (n=19) P value

Age 54.41±15.21 [22–81] 61.78±13.18 [44–94] 0.201

Sex (M/F) 14/15 7/12 0.555

BMI 21.93±2.99 (17–26.56) 21.62±2.99 (16.83–23.67) 0.657

Diabetes 4 (13.79%) 2 (10.52%) 1

Cardiac vascular disease 3 (10.34%) 0 0.267

Preoperative total bilirubin (mmol/L) 15.65±5.31 (7.8–30.5) 13.39±6.34 (3.6–27.7) 0.125

Preoperative albumin (g/L) 37.38±5.69 [21–46] 39.58±6.19 [25–53] 0.291

Operation

Operating time (time) 143.3±54.91 [45–300] 171.1±63.59 [50–300] 0.101

Blood loss (mL) 236.4±307 [20–1,500] 215±147.7 [20–500] 0.450 

Blood transfusion rate 3 (10.34%) 6 (31.57%) 0.127

With splenectomy 21(72.41%) 19 (100%) 0.015

Table 3 Postoperative parameters of the 2 groups

Parameters ERAS (n=29) Conventional (n=19) P value

Nasogastric tube removed (days) 1 3.94±1.74 [1–7] <0.0001

Oral soft solid diet (days) 14 13.68±8.25 [6–33] 0.004

Exhaust defecation time 2.86±1.50 [1–7] 4.36±4.43 [2–21] 0.134

Drain tube removed (days) 5.89±2.41 [3–14] 26.68±7.35 [16–46] <0.001

Postoperative hospital stay (days) 18.37±2.55 [15–25] 27.42±7.60 [16–47] <0.001

Discharge with drainage 0 7 (36.83%) 0.0007

Table 4 Postoperative complications and mortalities of the 2 groups

Parameters ERAS (n=29) Conventional (n=19) P value

Bleeding 0 0 –

Clinical relevant fistula

POPF Grade B 2 (6.89%) 5 (26.31%) 0.096

POPF Grade C 0 0 –

Delayed gastric emptying 2 (6.89%) 3 (15.78%) 0.371

Pulmonary complication 0 3 (15.78%) 0.056

Abdominal abscess 0 3 (15.38%) 0.056

Re-puncture drainage 3 (10.34%) 1 (5.26%) 1

Re-laparotomy 0 0 –

Mortality 0 0 –

Readmission (in 30 days) 0 1 (5.26%) 0.395
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drainage. With amylase assay confirmed, 2 of them were 
diagnosed as real pancreatic fistula. While the other six 
patients also presenting encapsulated effusion spontaneously 
absorbed (Figure 1). The course of all nine patients’ fluid 
collections was shown in Figure 2.

Discussion

Distal pancreatectomy (DP) is performed on patients 

with a benign and malignant tumor of the distal pancreas, 
which has been a mature operation. After nearly 20 
years development, surgical technique and perioperative 
management have remarkably reduced the rates of operative 
morbidity and mortality after DP (16-18). However, 
the overall incidence of POPF in patients undergoing 
DP is as high as 12–31% (16-18). In addition, POPF is 
not a life-threatening condition in most cases, but once 
associated with additional complications such as intra-
abdominal abscess or hemorrhage will lead to a prolonged 
hospital stay or even death. Sauvanet suggested that POPF 
originating from pancreaticoduodenectomy (PD) seems 
to have a worse prognosis than POPF from a pancreatic 
remnant (DP) (19). This may be due to the activation of 
pancreatic juice. Surgical procedures may contribute to 
the differences between pancreatic fistulas that require 
pancreaticojejunostomy (such as PD and central pancreatic 
resection) and those not (DP and enucleation). Pratt 
suggested that clinically relevant fistulas after PD require 
more aggressive management (20). On the other hand, 
while POPF that occur after distal resections often require 
conservative treatments. If fluid collections (caused by 
pancreatic fistula or not) do not spontaneously absorb 
then CT-guided percutaneous drainage will be arranged. 

Figure 1 Postoperative CT findings after DP (A,C). Postoperative fluid collection is initially dispersed around the pancreatic stump and 
then became a round-shaped pseudocyst (B,D). Fluid collection was observed spontaneous regression.

Figure 2 Course of 9 fluid collections. Size of fluid collections  
in mm² changing after follow-up (2–3 CT examinations).
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Several decades, all the efforts that pancreatic surgeons did 
were to decrease POPF rate to avoid significant clinical 
complications and high costs. In our study, our new ERAS 
pathway leads to clinical POPF rate as low as 6.89% 
compared with 26.31% in conventional group.

Along with putting forward the rapid recovery concept, 
the ERAS strategy has been practiced in plenty of 
major surgical centers, which advocates early open diet, 
intraoperative control rehydration, early postoperative 
analgesia, and activities. Early removal of drainage tube 
especially has an influence on the traditional concept of 
drainage tube processing strategy. While open early diet, 
inevitably stimulating secretion of the pancreas, early 
removal of the tube may not fully drain effusion area. 
Especially after resection of the pancreatic body because 
of the existence of the sphincter of Oddi, the pressure of 
main pancreatic duct pressure is higher than the pancreas 
residual surface. The reason for this might be why 
patients after DP have a higher incidence of postoperative 
pancreatic fistula than those after PD. And the treatment of 
acute pancreatitis experience tells us to keep the pancreas 
inhibition can significantly reduce the effusion around the 
pancreas. So how to unify early oral food intake and early 
removal of drainage, we need to further discuss. That is 
why we are trying to set ERAS strategy specifically for 
distal pancreatectomy. Fluid collections (FCs) after DP 
occur frequently, and several studies revealed that FCs after 
DP are frequent and harmless findings, only a few patients 
require therapeutic interventions (21-24). And to reduce the 
FCs around the pancreas for pancreatitis patients, fasting 
is one of the most important conservative treatments (23). 
In this study, we let the patient fasting for 14 days (the 
encapsulated effusion formation generally needs 14 days) 
meanwhile giving them total parenteral nutrition (TPN) 
for nutrition support at the same time. Before discharging, 
CT examination showed that nine (31%) patients 
experienced postoperative peritoneal effusion. Compared 
with a study about DP in Germany (22), fasting, one of 
key methods in our ERAS program, may reduce pancreatic 
secretion by food stimulating and lead to lower incidence 
of postoperative abdominal fluid collections (31% versus 
40.25%).

In the past, treatment conditions were limited, surgeons 
hoped that through the drainage in treating of pancreatic 
fistula, now which can be achieved by other means such 
as somatostatin, regular application of enteral nutrition 
and so on. Somatostatin and application of TPN can make 

the pancreas in rest status, and then reduce pancreatic 
juice secretion, which naturally reduces the occurrence of 
pancreatic fistula.

Besides the uses of somatostatin or its analogs in high-
risk patients (25), the occurrence of POPF and FCs can 
decrease sharply. In the present, the drainage tube is no 
less that important. And the existence of the drainage 
tube may lead to retrograde infection of abdominal cavity. 
Therefore, we recommend early removal of drainage tube. 
Our paper emphasized the removal of the drainage in the 
hospital which was the advantage of ERAS protocol, and 
maintaining fasting within 2 weeks might contribute it. 
Different national policy in china made it impossible to 
discharge most of the patients with the drainage as we 
don’t have a community or home care for these patients 
who received a recent pancreatectomy and with abdominal 
drainage.

Pancreatic surgeons around the world inevitably all face 
the same problem: there is a shortage of medical resources, 
especially the specialized pancreatic centers or specialist 
surgeons. And for better use of medical resource and earlier 
discharge most hospitals often require patients discharged 
with a drainage tube. Thus in several clinical studies, 
hospitalization days compared with other discharge with 
drainage tube hospitals had decreased dramatically. Often 
patient discharged with drainage has clinical pancreatic 
fistula, fluid amylase can be hundreds of thousands and 
volume can be from dozens to hundreds of milliliters. 
Although the treatment of pancreatic fistula only needs 
patience and unobstructed drainage, for such patients, 
to some extent had some similarities with those patients 
in need of interventional drainage. If we discharge those 
patients with Grade B POPF who received interventional 
drainage, whether patients’ security is feasible. If patients 
are not safe, whether to continue to let patients discharged 
with drainage tube? If patients are safe, is it worth 
advocating patients discharged with drainage? After all, 
discharging with drainage may significantly reduce the 
burden of the pancreatic center all over the country.

Limitation

The small sample size and the non-RCT study was our 
limitation. And according to the policy of the different 
country, is fasting for 2 weeks has more benefice to the 
cost-effectiveness, we don’t know. More RCT studies are 
needed.
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Conclusions

To sum up, the new ERAS program implemented in 
this study was found to be feasible and safe for distal 
pancreatectomy surgery and leads to promising outcome. 
And no patient discharged with drainage in ERAS 
group. Such ERAS program, especially for DP, should be 
established. 
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