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lesions in the early drainage group were less mild than 
those seen in the control group.
Conclusions  Rebalancing the cytokine levels in ascites 
after early drainage may be a key factor for enhancing the 
survival rate in rats.
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Introduction

Severe acute pancreatitis (SAP) is characterized by a sud-
den and severe onset followed by rapid deterioration. Com-
plications, such as multisystem organ failure, shock and 
abdominal hypertension, can occur in the early stage of 
SAP [1, 2] and correlate with significantly poor scores in 
severity scoring systems, suggesting a poor prognosis with 
a high mortality rate [3]. Current management, including 
aggressive supportive intensive care, fluid resuscitation, 
enteral nutrition and antibiotic therapy, is aimed at reducing 
the systemic inflammatory response and multisystem organ 
dysfunction [4–7]. Surgical debridement performed in the 
early stage of SAP can be a “second-blow” to the systemic 
inflammatory response, which subsequently increases the 
burden on the body and causes further deterioration [8–10]. 
Non-operative strategies and delayed surgical intervention 
are thus recommended [11–14]. Image-guided percutane-
ous catheter drainage has recently been used to supplement 
intensive conservative treatment, and it has been reported 
that, under the guidance of ultrasound or computed topogra-
phy (CT), intraperitoneal and retroperitoneal percutaneous 
catheter drainage and lavage can be used to reduce a high 
abdominal pressure and treat pancreatic necrotic infection 
and/or help to avoid or delay surgery in some patients with 

Abstract 
Purpose  To evaluate the effects of early-phase drainage 
on the survival rates and pancreatic pathological changes 
associated with severe acute pancreatitis (SAP) in a rat 
model.
Methods  Sprague–Dawley rats were divided into the fol-
lowing groups: SAP model (control), early drainage and 
delayed drainage. The 24-h survival rates were compared 
among the groups. In addition, the serum and ascites con-
centrations of interleukin (IL)-1β, IL-6, IL-8, IL-10 and 
tumor necrosis factor (TNF)-α were measured, and pancre-
atic pathological changes were observed.
Results  The survival rate significantly improved in the 
early drainage group. Compared with that observed in the 
control group, the serum TNF-α and IL-8 concentrations 
in the early drainage group decreased, while the serum 
IL-10 levels increased, and the ascites concentrations of 
IL-1β, IL-6, IL-8 and TNF-α decreased, while that of IL-10 
increased significantly. In the delayed drainage group, only 
the ascites concentrations of TNF-α decreased. Meanwhile, 
the pancreatic pathological changes at 3, 6 and 24 h wors-
ened in the early drainage group; however, the pancreatic 
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SAP [15–18]. However, according to current management 
guidelines for acute pancreatitis, the drainage procedure 
should be delayed, preferably for 4 weeks, in stable patients 
with infected necrosis, to allow for the development of a 
wall around the site of necrosis [19]. Nevertheless, whether 
it is beneficial to perform peritoneal drainage in the early 
stage of SAP and/or in patients without evidence of infec-
tion remains unclear. Fluid collection in the peripancreatic 
area and remote areas of the peritoneal cavity, as observed 
on CT, are common in early-stage SAP. Areas of fluid col-
lection, mostly presenting as bloody ascites, are rich in 
activated lipolytic and proteolytic enzymes, vasoactive sub-
stances and inflammatory cytokines and are not necessarily 
infected [20]. Performing drainage of these potential toxic 
mediators from the peritoneal cavity is rational for alleviat-
ing the disease burden in critically ill patients. Based on the 
limited clinical data regarding the application of percuta-
neous drainage in patients with sterile necrotizing pancrea-
titis, the effectiveness of this procedure can be compared 
with that of drainage in patients with infected necrosis [17, 
21, 22]. However, experimental research on this applica-
tion is lacking. In the current study, we utilized the perito-
neal catheter drainage (PCD) approach in the early stage of 
SAP in a rat model in order to observe the impact of these 
approaches on disease outcomes and pathological changes 
in the pancreas.

Materials and methods

Experimental materials

Male Sprague–Dawley (SD) rats (specific pathogen-free 
grade) weighing 200–230  g were purchased from B&K 
Universal Group Limited (Shanghai, China). Sodium tauro-
cholate hydrate was purchased from Sigma-Aldrich China 
Inc. (Shanghai, China).

Experimental methods and groups

The present study was approved by the Ethical Research 
Committee of our institute. The SD rat SAP model 
was established via the antegrade puncture injection of 
sodium taurocholate, as follows. SD rats were housed for 
1  week after receipt and fasted for 24  h prior to surgery. 
The rats were anesthetized using the intraperitoneal injec-
tion of sodium pentobarbital (45 mg/kg). An incision was 
made along the abdominal midline, and the biliopancre-
atic duct was identified with respect to the duodenum. An 
arterial clip was used to occlude the common bile duct 
near the hepatic hilus, and another arterial clip was used 
to occlude the distal pancreatic duct at its entry into the 
duodenum. A Becton–Dickinson needle (4.5 gauge) was 

used for antegrade puncture of the common bile duct and 
proximal pancreatic duct, and 5  % sodium taurocholate 
(0.1 mg/100 g) was injected at a slow rate of 0.2 mL/min. 
A sterile swab was pressed onto the puncture site for 1 min 
after the injection. Three minutes later, the distal and proxi-
mal segments of the pancreatic duct were re-opened. Pan-
creatic tissue congestion and edema with hemorrhagic foci 
were observed after the sodium taurocholate injection. The 
abdomen was subsequently closed with sutures, and, after 
the recovery from anesthesia, the rats were housed in indi-
vidual cages, fasted and allowed free access to water.

Catheter drainage was performed as follows. After the 
model was established, a ventricular drainage tube (10 cm 
in length) was placed in the right lower abdomen of each 
rat. There were multiple side holes in the intra-abdominal 
segment of the tube, and the drainage could be turned on 
or off through the segment of the tube outside of the abdo-
men. Peritoneal lavage was performed with 5 ml of normal 
saline at an ambient temperature through the tube once per 
each 6 h.

The experimental animals were randomly divided into 
the following treatment groups: an SAP model group (no 
treatment after the model was established), an early drain-
age group (drainage and lavage were initiated immediately 
after the model was established) and a delayed drainage 
group (drainage and lavage were initiated 6  h after the 
model was established).

Serum and ascites samples were collected at 3, 6 and 
24 h and centrifuged at 3500×g for 10 min. The superna-
tants were assayed for tumor necrosis factor (TNF)-α and 
interleukin (IL)-1β, IL-6, IL-8 and IL-10 according to an 
indirect sandwich enzyme-linked immunosorbent assay 
(ELISA) using the kit provided by Pusheng Biotech Inc. 
(Shanghai, China).

A pathological examination was performed as follows. 
After the rats were killed, the gross morphology of the pan-
creas and surrounding intestines was observed. The pancre-
atic specimens were fixed in formalin, routinely embedded 
in paraffin and stained with hematoxylin and eosin (HE) 
staining. The slides were reviewed, and the pancreatic sec-
tions were graded by a pathologist on a scale from 0 to 4 
for the degree of edema, inflammation, hemorrhage and 
necrosis [23].

Statistical analysis

The Microcal Origin 6.0 statistical software program was 
used for the statistical analysis. Continuous variables are 
expressed as medians and ranges. The Chi-square test 
was utilized to compare the survival rates, and differences 
between groups were evaluated with the paired Student’s t 
test. P values of <0.05 were considered to be statistically 
significant.
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Results

Survival rates of the rats

The rats were alive 6  h after the model was established 
in each group. Compared to that observed in the control 
group, the 24-h survival rate in the early drainage group 
was significantly increased (P  <  0.01). However, no sig-
nificant differences were observed in the 24-h survival 
rates between the delayed drainage and control groups 
(P > 0.05) (Table 1).

Cytokine concentrations in the serum and ascites

In the pilot study of the model control group, the concen-
trations of almost all cytokines (except IL-8 in the ascites 

and serum and IL-10 in the ascites) reached the highest 
levels at 6  h in both the serum and ascites after the SAP 
model was established and maintained a plateau at a high 
level or with slight changes thereafter (Fig. 1). Early-stage 
peritoneal drainage and lavage were helpful for decreasing 
the serum concentrations of IL-8 and TNF-α, with elevated 
levels of IL-10; however, there were no obvious effects on 
the serum concentrations of IL-1β and IL-6 (Table 2).

Compared to that noted in the serum, the changes in 
the cytokine levels in the rat ascites were more dramatic. 
Compared with that observed in the control group, the 
ascites concentrations of IL-1β, IL-6, IL-8 and TNF-α were 
decreased and the IL-10 levels were significantly elevated 
in the early drainage group, while only the ascites con-
centrations of TNF-α were decreased significantly in the 
delayed drainage group (P  <  0.05). Compared with that 

Table 1   Twenty-four-hour 
survival rates of the rats in each 
group

* P < 0.01 vs. the control group

Group % Survival rate of the rats (no. of rats that survived/total no. of rats) P value

Model control 12.5 % (2/16)

Early drainage 75 % (12/16) 0.000957*

Delayed drainage 37.5 % (6/16) 0.054464

Fig. 1   Cytokine levels at different time points after SAP model 
established in model control group. The cytokine level after 6  h 
remained in a plateau or slightly changed. a Ascites cytokine levels 

in 3, 6 and 24 h after SAP model established. b Serum cytokine levels 
before (blank), and in 3, 6, 24 h after SAP model established

Table 2   Cytokine levels in the rat serum among the different groups (x̄ ± s, pg/mL)

Data are expressed as the mean ± SEM

* P < 0.05 vs. the control group

Group IL-1β IL-6 IL-8 IL-10 TNF-α

Model control 35.6 ± 3.15 26.29 ± 3.5 143.75 ± 11.85 44.11 ± 5.44 80.37 ± 19.70

Early drainage 46.20 ± 18.7 32.11 ± 7.97 75.86 ± 5.96* 86.3 ± 1.47* 55.39 ± 5.74*

Delayed drainage 26.94 ± 3.09 26.37 ± 5.59 106.97 ± 14.62 50.11 ± 20.15 74.13 ± 0.31



374	 Surg Today (2016) 46:371–378

1 3

seen in the early drainage group, the ascites concentrations 
of IL-1β and IL-8 increased in the delayed drainage group, 
whereas the IL-10 levels also decreased significantly 
(P < 0.05) (Table 3).

Pathological changes in the pancreas under light 
microscopy

SAP model group (control group)

The following pathological changes were observed under 
a microscope 3  h after the model was established: pan-
creatic edema and degeneration, dilation and stasis of the 
blood vessels, bleeding, infiltration of a small number of 
neutrophils and small plaques of saponification (adipose 
tissue necrosis with calcium deposition). At 6  h, pancre-
atic edema, degeneration and increased infiltration of neu-
trophils were observed under a microscope. At 24 h, large 
areas of coagulative necrosis, the absence of normal tis-
sue and significant areas of plaques of saponification were 
observed.

Early drainage group

The following changes were observed under a microscope 
3 h after drainage and lavage: pancreatic edema and degen-
eration, dilation and stasis of the blood vessels, bleeding, 
infiltration of sporadic inflammatory cells, a significant 
number of plaques of saponification and large areas of 
coagulation necrosis. At 6 h after drainage and lavage, an 
increased number of inflammatory cells, large plaques of 
saponification and areas of necrosis were observed under 
a microscope. At 24  h, partial coagulation necrosis was 
observed; however, a significant amount of normal pancre-
atic tissue remained.

Delayed drainage group

The following pathological changes were observed under 
a microscope at 24 h after drainage and lavage: pancre-
atic edema and degeneration, dilation and stasis of the 
blood vessels, bleeding, infiltration of a large number of 
inflammatory cells, large plaques of saponification and 
necrosis.

A worsening trend of disease progression was found in 
the comparison of the microscopic pathological changes 
at 3, 6 and 24 h in each group, even in the early drainage 
group (shown in Table 4).

Table  5 shows the histology scores for each group of 
rats. Early drainage and lavage decreased the grades of 
edema, inflammation, hemorrhage and necrosis to differ-
ent degrees compared with that noted in the control group; 
however, the pancreatic lesions significantly worsened in 
the delayed drainage group (shown in Fig. 2).

Table 3   Cytokine levels in the rat ascites (x̄ ± s, pg/mL)

Data expressed as the mean ± SEM

* P < 0.05 vs. the control group

# P < 0.05 vs. the early drainage group

Group IL-1β IL-6 IL-8 IL-10 TNF-α

Model control 77.05 ± 4.36 57.61 ± 6.33 234.29 ± 11.83 78.26 ± 3.86 113.4 ± 8.39

Early drainage 18.17 ± 1.00* 32.67 ± 3.49* 75.65 ± 12.23* 105.61 ± 16.45* 78.51 ± 10.87*

Delayed drainage 105.01 ± 5.78# 44.11 ± 12.87 246.51 ± 14.57# 47.09 ± 7.36# 58.55 ± 4.76*

Table 4   Histologic changes at varying time points in the early drain-
age group

Data are expressed as the mean ± SEM

* P < 0.05 vs. the 3-h time point

Group (h) Edema Inflammation Hemorrhage Necrosis

3  0.77 ± 0.43 1.13 ± 0.35 1.73 ± 0.45 0.27 ± 0.15

6  1.27 ± 0.52* 1.27 ± 0.45 1.33 ± 0.48* 1.03 ± 0.41*

24  2.80 ± 0.41* 2.20 ± 0.48* 1.40 ± 0.49* 2.70 ± 0.47*

Table 5   Comparison of the 
histologic grading of the rat 
pancreas between the groups 
at 24 h

Data are expressed as the mean ± SEM

* P < 0.05 vs. the control group

Group Edema Inflammation Hemorrhage Necrosis

Model control 2.80 ± 0.41 1.93 ± 0.45 1.77 ± 0.43 3.73 ± 0.45

Early drainage 2.73 ± 0.75 1.97 ± 0.41 0.70 ± 0.47* 2.77 ± 0.57*

Delayed drainage 2.17 ± 0.38* 2.77 ± 0.43* 1.83 ± 0.46 2.90 ± 0.48*
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Discussion

Image-guided percutaneous drainage, as a component of 
minimally invasive therapy, has been reported to decrease 
the severity of illness and improve organ dysfunction in a 
subgroup of SAP patients, preventing the need for major 
debridement surgery or a prolonged interval to surgical 
debridement. As a result, patient tolerance to surgery has 
improved [24–26]. As an alternative to open necrosec-
tomy, percutaneous drainage, endoscopic drainage and 
minimally invasive retroperitoneal necrosectomy can be 
performed in a ‘step-up’ approach. This step-up approach 
may reduce the rates of complications and death by mini-
mizing surgical trauma in already critically ill patients [24, 
27, 28]. A well-designed, nationwide multicenter study 
demonstrated that the step-up approach reduces the rates 
of new-onset multiple-organ failure and death among 
patients with necrotizing pancreatitis and infected necrotic 
tissue, compared with open necrosectomy. In that report, 
of the patients assigned to the step-up approach, 35  % 
were treated with percutaneous drainage alone [29]. Nev-
ertheless, in the latest management guidelines for acute 

pancreatitis, the drainage procedure is recommended only 
for stable patients with infected necrosis, with a preferred 
delay of 4 weeks to allow for the development of a wall 
around the site of necrosis [19]. However, other current 
clinical data suggest that percutaneous drainage in early-
stage SAP patients and those without clear signs of infec-
tion may be beneficial as well. In a report by Mortelé et al. 
[17] 11 of 22 SAP patients with sterile necrosis were suc-
cessfully treated with CT-guided percutaneous catheter 
drainage, with effectiveness similar to that observed in 
patients with infected necrosis, indicating that the presence 
of multisystem organ failure, rather than infection, is a 
more important indicator of the outcome. In a recent report 
from Matsumoto et al. the administration of peritoneal lav-
age within 72 h after the initial onset of SAP reduced the 
mortality rate and incidence of infectious complications. 
However, for patients in whom a period longer than 72 h 
after the onset of SAP symptoms has passed, peritoneal 
lavage may be ineffective [30]. Nevertheless, experimental 
research on the impact of early-stage drainage and lavage 
on the progression of SAP, without signs or evidence of 
infection, remains limited.

A

C

B

Fig. 2   Photographs of pancreas change under light microscope. 
a 24  h after the SAP model was established (×200), large areas of 
coagulative necrosis, no normal tissue, and large areas of saponifica-
tion plaques. b 24 h after early drainage (×200), large areas of coagu-

lation necrosis, residual normal tissue. c 18 h after delayed drainage 
(×200), large saponification plaques and large areas of coagulation 
necrosis. There was residual normal pancreatic tissue. White arrows 
indicate necrosis. Black arrows indicate saponification plaques
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This study investigated the effects of early-phase peri-
toneal drainage and lavage on the 24-h survival rates in a 
rat model of SAP. In the early stage of SAP, all specimens 
can be treated as theoretically sterile. In our study, a large 
amount of bloody ascites began to appear 3 h after the SAP 
model was established. Without any treatment, the survival 
rate at 24 h was as low as 12.5 %. When peritoneal drain-
age was initiated immediately and at 6  h after the model 
was established, the survival rates of the rats were 75 and 
37.5  %, respectively. These improved survival rates rep-
resent statistically significant differences, which suggests 
a significant impact of early-phase drainage on the SAP 
prognosis.

Previous animal experiments have confirmed that hyper-
emia, edema, hemorrhage and necrosis are apparent in the 
rat pancreas 3 h after the establishment of the SAP model. 
In addition, swelling, hyperemia and edema in the liver and 
lungs have been reported, and varying degrees of patho-
logical changes in the kidneys, intestinal mucosa, spleen, 
thymus and lymph nodes have been observed under a 
microscope [31], which implies that SAP is a disease with 
systemic involvement. The “cascade” effect caused by the 
excessive release and imbalance of inflammatory cytokines 
is considered to be the mechanism of action [32–34]. Shen 
et  al. [35] reported that, in SAP patients, the time course 
of the serum pro-inflammatory cytokines levels and anti-
inflammatory cytokines levels differs, resulting in immune 
dysregulation, which leads to multisystem organ failure, 
mortality and secondary infection. Norman et al. [36] dem-
onstrated that the cytokine mRNA (IL-1 mRNA and TNF-α 
mRNA) concentrations reach the highest levels 6 h after the 
onset of acute pancreatitis. In the current study, we found 
that, after the establishment of the SAP model, all cytokine 
levels (except for that of IL-8 in the ascites and serum and 
IL-10 in ascites) in both the serum and ascites were ele-
vated and reached the highest levels at 6 h after the model 
was constructed and were maintained at high levels, with 
a slight change thereafter. Therefore, we adopted 6 h after 
the establishment of the SAP model as the time point of 
full development of acute pancreatitis and the beginning of 
delayed drainage.

IL-1β, IL-6, IL-8 and TNF-α are thought to be the main 
pro-inflammatory factors that mediate systemic inflamma-
tory response syndrome, and IL-10 is thought to be an anti-
inflammatory factor [34, 37, 38]. Souza et al. found that 4 h 
of peritoneal lavage after the onset of SAP decreases the 
serum levels of IL-6 and TNF-α and increases the serum 
levels of IL-10 in a rat model. Moreover, early-phase peri-
toneal lavage demonstrates anti-inflammatory effects in an 
SAP rat model [39]. Compared with that observed in the 
blood, the concentrations of cytokines in ascites are much 
higher, and high concentrations of digestive enzymes and 
a lethal toxicity are detected in the ascites of patients with 

SAP [20, 40]. In the current study, we investigated the 
changes in the concentrations of IL-1β, IL-6, IL-8, TNF-α 
and IL-10 in both the serum and ascites. Consequently, 
we observed that early peritoneal drainage and lavage led 
to an increase in the serum levels of IL-10, similar to that 
reported by Souza et al., and a decrease in the serum lev-
els of IL-8 and TNF-α, an observation that differs from the 
results of Souza et  al. [39]. Furthermore, we observed a 
more prominent change in the cytokine levels in the ascites 
following drainage and lavage. Compared with that seen 
in the control group, the ascites concentrations of IL-1β, 
IL-6, IL-8 and TNF-α were decreased in the early drainage 
group, while the IL-10 levels were elevated significantly.

As the changes in the cytokine levels in the ascites 
were more dramatic than those in the serum, the possibil-
ity exists that the peritoneal cavity may be the main source 
of inflammatory factors. Although the cytokine production 
observed in cases of SAP has multiple sources [36], studies 
have demonstrated that peritoneal macrophages that pro-
duce cytokines under the stimulation of trypsin may play 
an important role in the pathology of SAP [41]. Achieving 
the early removal of these toxic ascites may improve the 
prognosis of SAP. In clinical practice, PCD is not effective 
for all patients, possibly due to the time lapse that occurs 
between disease onset and the time at which the patient 
receives a diagnosis and undergoes catheter drainage after 
hospital admission. The APACH II score and extent of 
intrapancreatic necrosis are principle factors determining 
the success of PCD [42], which may suggest that outcomes 
improve as PCD is applied sooner.

The mechanism underlying the elevation of the IL-10 
level induced by peritoneal drainage and lavage is still not 
completely understood. Scholars have postulated that a spe-
cial subset of macrophages with anti-inflammatory proper-
ties is activated during peritoneal drainage [43, 44]. As a 
consequence, early-phase drainage and lavage may help 
to restore the balance between pro-inflammatory and anti-
inflammatory factors, which may lead to a better prognosis.

There are currently no reports regarding the impact of 
peritoneal drainage on pancreatic pathology. This study 
found that the microscopic pathological changes in the 
pancreas were less severe in the early drainage and lavage 
groups than in the control group, an observation that cor-
responded with the relatively higher survival rates of the 
rats in these experimental groups. When the results were 
analyzed based on the timing of drainage, the pathologi-
cal lesions were found to be significantly more severe in 
the delayed drainage group. Notably, when the microscopic 
pathological changes at 3, 6 and 24  h after early drain-
age were compared, the worsening trend of the lesions 
remained, which suggests that, once SAP has been initi-
ated, simple early-phase peritoneal drainage and lavage 
may not be sufficient to attenuate disease progression. 
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These interesting findings may explain the deaths of several 
rats in the early drainage group. However, compared with 
that seen in the control group, the lesions were significantly 
alleviated in the early drainage group at 24 h. These obser-
vations imply that, to some extent, the early-phase drainage 
approach may reduce the abdominal and systemic toxicity 
burden to a tolerable level, which may subsequently allevi-
ate symptoms and delay disease progression.

Compared with peritoneal therapy using pancreatic 
enzyme inhibitors or high doses of anti-inflammatory 
cytokines, such as IL-10 [45, 46], the administration of sin-
gle early drainage and lavage in the current study demon-
strated a favorable result in terms of the prognosis of SAP 
in rats. Therefore, a link between reduced peritoneal tox-
icity, rebalancing cytokine production and pancreatic self-
recovery may be anticipated. However, the current study 
observed only the influence of drainage and lavage 24  h 
after the onset of SAP. Hence, research over a prolonged 
time span is needed to further understand the effects of 
early-phase drainage and lavage.

Acknowledgments  This study was funded by the Scientific 
Research Fund of the Shanghai Municipal Health Bureau (No. 
2010144). All authors contributed to the intellectual content and 
approved the final version of the manuscript.

Conflict of interest  No benefits in any form have been or will be 
received from any commercial parties related directly or indirectly to 
the subject of this article.

References

	 1.	 Mole DJ, Olabi B, Robingson V, Garden OJ, Parks RW. Inci-
dence of individual organ dysfunction in fatal acute pancreatitis: 
analysis of 1024 death records. HBP. 2009;11:166–70.

	 2.	 Fu CY, Yeh CN, Hsu JT, Jan YY, Hwang TL. Timing of mortality 
in severe acute pancreatitis: experience from 643 patients. World 
J Gastroenterol. 2007;13:1966–9.

	 3.	 Sun JK, Li WQ, Ni HB, Ke L, Tong ZH, Li N, et al. Modified 
gastrointestinal failure score for patients with severe acute pan-
creatitis. Surg Today. 2013;43:506–13.

	 4.	 Uhl W, Warshaw A, Imrie C, Bassi C, McKay CJ, Lankisch PG, 
et al. IAP guidelines for the surgical management of acute pan-
creatitis. Pancreatology. 2002;2:565–73.

	 5.	 Hasibeder WR, Torgersen C, Rieger M, Dünser M. Critical care 
of the patient with acute pancreatitis. Anaesth Intensive Care. 
2009;37:190–206.

	 6.	 Andersson R, Sward A, Tingstedt B, Akerberg D. Treatment of 
acute pancreatitis: focus on medical care. Drugs. 2009;69:505–14.

	 7.	 Bakker OJ, Van Santuoort HC, Basselink MGH, Uan der Harst 
E, Hofker HS, Goozen HG, Dutch Pancreatitis Study Group. Pre-
vention, detection and management of infected necrosis in severe 
acute pancreatitis. Curr Gastroenterol Rep. 2009;11:104–10.

	 8.	 Nieuwenhuijs VB, Besselink MG, van Minnen LP, Gooszen HG. 
Surgical management of acute necrotizing pancreatitis: a 13-year 
experience and a systematic review. Scand J Gastroenterol Suppl. 
2003;239:111–6.

	 9.	 Rau B, Bothe A, Beger HG. Surgical treatment of necrotiz-
ing pancreatitis by necrosectomy and closed lavage: changing 

patient characteristics and outcome in a 19-year, single-center 
series. Surgery. 2005;138:28–39.

	10.	 De Waele JJ, Hoste E, Blot SI, Hesse U, Pattyn P, de Hemptinne 
B, et  al. Perioperative factors determine outcome after surgery 
for severe acute pancreatitis. Crit Care. 2004;8:R 504–11.

	11.	 Cheung MT, Li WH, Kwok PC, Hong JK. Surgical management 
of pancreatic necrosis: towards lesser and later. J Hepatobiliary 
Pancreat Sci. 2010;17:338–44.

	12.	 Fotoohi M, Traverso LW. Management of severe pancreatic 
necrosis. Curr Treat Options Gastroenterol. 2007;10:341–6.

	13.	 Bruennler T, Hamer OW, Lang S, Gruene S, Wrede CE, Zorger 
N, et  al. Outcome in a large unselected series of patients with 
acute pancreatitis. Hepatogastroenterology. 2009;56:871–6.

	14.	 Runzi M, Niebel W, Goebell H, Gerken G, Layer P. Severe acute 
pancreatitis: nonsurgical treatment of infected necroses. Pan-
creas. 2005;30:195–9.

	15.	 Navalho M, Pires F, Duarte A, Goncalves A, Alexandrino P, 
Tavora I. Percutaneous drainage of infected pancreatic fluid col-
lections in critically ill patients: correlation with C-reactive pro-
tein values. Clin Imaging. 2006;30:114–9.

	16.	 Ai X, Qian X, Pan W, Xu J, Hu W, Terai T, et  al. Ultrasound-
guided percutaneous drainage may decrease the mortality of 
severe acute pancreatitis. J Gastroenterol. 2010;45:77–85.

	17.	 Mortelé KJ, Girshman J, Szejnfeld D, Ashley SW, Erturk SM, 
Banks PA, et  al. CT-guided percutaneous catheter drainage of 
acute necrotizing pancreatitis: clinical experience and observa-
tions in patients with sterile and infected necrosis. AJR AM J 
Roentgenol. 2009;192:110–6.

	18.	 Wig JD, Gupta V, Kochhar R, Doley RP, Yadav TD, 
Poornachandra KS, et  al. The role of non-operative strategies 
in the management of severe acute pancreatitis. JOP J Pancreas. 
2010;11:553–9.

	19.	 Tenner S, Baillie J, DeWitt J, Vege SS. American College of 
Gastroenterology guideline: management of acute pancreatitis. 
Am J Gastroenterol. 2013;108(1400–15):1416.

	20.	 Dugernier T, Laterre PF, Reynaert MS. Ascites fluid in severe 
acute pancreatitis: from pathophysiology to therapy. Acta Gas-
troenterol Belg. 2000;63:264–8.

	21.	 Walser EM, Nealon WH, Marroquin S, Raza S, Hernandez JA, 
Vasek J. Sterile fluid collections in acute pancreatitis: catheter 
drainage versus simple aspiration. Cardiovasc Interv Radiol. 
2006;29:102–7.

	22.	 Segal D, Mortelé KJ, Banks PA, Silverman SG. Acute necrotiz-
ing pancreatitis: role of CT-guided percutaneous catheter drain-
age. Abdom Imaging. 2007;32:351–61.

	23.	 Kusske AM, Rongione AJ, Ashley SW, Mcfadden DW, Reber 
HA. Interleukin-10 prevents death in lethal necrotizing pancrea-
titis in mice. Surgery. 1996;120:284–9.

	24.	 Babu RY, Gupta R, Kang M, Bhasin DK, Rana SS, Singh R. Pre-
dictors of surgery in patients with severe acute pancreatitis man-
aged by the step-up approach. Ann Surg. 2013;257:737–50.

	25.	 Freeny PC, Hauptmann E, Althaus SJ, Traverso LW, Sinanan 
M. Percutaneous CT-guided catheter drainage of infected acute 
necrotizing pancreatitis: techniques and results. Am J Roent-
genol. 1998;170:969–75.

	26.	 Tang LJ, Wang T, Cui JF, Zhang BY, Li S, Li DX, et al. Percuta-
neous catheter drainage in combination with choledochoscope-
guided debridement in treatment of peripancreatic infection. 
World J Gastroenterol. 2010;16:513–7.

	27.	 Horvath K, Freeny P, Escallon J, Heagerty P, Comstock B, 
Glickerman DJ, et al. Safety and efficacy of video-assisted ret-
roperitoneal debridement for infected pancreatic collections: a 
multicenter, prospective, single-arm phase 2 study. Arch Surg. 
2010;145:817–25.

	28.	 Van Santvoort HC, Bakker OJ, Bollen TL, Besselink MG, 
Ahmed Ali U, Schrijver AM, Dutch Pancreatitis Study Group, 



378	 Surg Today (2016) 46:371–378

1 3

et  al. A conservative and minimally invasive approach to 
necrotizing pancreatitis improves outcome. Gastroenterology. 
2011;141:1254–63.

	29.	 Van Santvoort HC, Besselink MG, Bakker OJ, Hofker HS, Boer-
meester MA, Dejong CH, Dutch Pancreatitis Study Group, et al. 
A step-up approach or open necrosectomy for necrotizing pan-
creatitis. N Engl J Med. 2010;362:1491–502.

	30.	 Matsumoto K, Miyake Y, Nakatsu M, Toyokawa T, Ando M, 
Hirohata M, et  al. Usefulness of early-phase peritoneal lavage 
for treating severe acute pancreatitis. Intern Med. 2014;53:1–6.

	31.	 Zhang XP, Zhang J, Ma ML, Cai Y, Xu RJ, Xie Q, et al. Patho-
logical changes at early stage of multiple organ injury in a rat 
model of severe acute pancreatitis. Hepatobiliary Pancreat Dis 
Int. 2010;9:83–7.

	32.	 Rau B, Bothe A, Kron M, Beger HG. Role of early multisystem 
organ failure as major risk factor for pancreatic infections and 
death in severe acute pancreatitis. Clin Gastroenterol Hepatol. 
2006;4:1053–61.

	33.	 Andersson R, Andersson B, Andersson E, Axelsson J, Eckerwall 
G, Tingstedt B. Acute pancreatitis-from cellular signaling to 
complicated clinical course. HBP. 2007;9:414–20.

	34.	 Granger J, Remick D. Acute pancreatitis: models, markers and 
mediators. Shock. 2005;24(Suppl 1):45–51.

	35.	 Shen Y, Deng X, Xu N, Li Y, Miao B, Cui N. Relationship 
between the degree of severe acute pancreatitis and patient 
immunity. Surg Today. 2014;. doi:10.1007/s00595-014-1083-1.

	36.	 Norman JG, Fink GW, Denham W, Yang J, Carter G, Sexton C, 
et  al. Tissue-specific cytokine production during experimental 
acute pancreatitis. A probable mechanism for distant organ dys-
function. Dig Dis Sci. 1997;42:1783–8.

	37.	 Mayer J, Rau B, Gansauge F, Beger HG. Inflammatory media-
tors in human acute pancreatitis: clinical and pathophysiological 
implications. Gut. 2000;47:546–52.

	38.	 Stimac D, Fisić E, Milić S, Bilić-Zulle L, Perić R. Prognostic 
values of IL-6, IL-8, and IL-10 in acute pancreatitis. J Clin Gas-
troenterol. 2006;40:209–12.

	39.	 Souza LJ, Coelho AM, Sampietre SN, Martins JO, Cunha JE, 
Machado MC. Anti-inflammatory effects of peritoneal lavage in 
acute pancreatitis. Pancreas. 2010;39:1180–4.

	40.	 Sugimoto M, Takada T, Yasuda H, Nagashima I, Amano H, 
Yoshida M, et  al. The lethal toxicity of pancreatic ascites fluid 
in severe acute necrotizing pancreatitis. Hepatogastroenterology. 
2006;53:442–6.

	41.	 Lundberg AH, Eubanks JW 3rd, Henry J, Sabek O, Kotb M, 
Gaber L, et  al. Trypsin stimulates production of cytokines 
from peritoneal macrophages in vitro and in vivo. Pancreas. 
2000;21:41–51.

	42.	 Solanki R, Thumma V, Sastry RA, Bheerappa N. The role 
of image guided percutaneous drainage in multidisciplinary 
management of necrotizing pancreatitis. Trop Gastroenterol. 
2013;34:25–30.

	43.	 Xu W, Roos A, Schlagwein N, Woltman AM, Daha MR, van 
Kooten C. Il-10-producing macrophages preferentially clear 
early apoptotic cells. Blood. 2006;107:4930–7.

	44.	 Xu W, Schlagwein N, Roos A, van den Berg TK, Daha MR, 
van Kooten C. Human peritoneal macrophages show functional 
characteristics of M-CSF-driven anti-inflammatory type 2 mac-
rophages. Eur J Immunol. 2007;37:1594–9.

	45.	 Rongione AJ, Kusske AM, Reber HA, Ashley SW, McFadden 
DW. Interleukin-10 reduces circulating levels of serum cytokines 
in experimental pancreatitis. J Gastrointest Surg. 1997;1:159–66.

	46.	 Fric P, Slabý J, Kasafírek E, Kocna P, Marek J. Effective peri-
toneal therapy of acute pancreatitis in the rat with glutaryl-tri-
alanin-ethylamide: a novel inhibitor of pancreatic elastase. Gut. 
1992;33:701–6.

http://dx.doi.org/10.1007/s00595-014-1083-1

	Early-phase peritoneal drainage and lavage in a rat model of severe acute pancreatitis
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Experimental materials
	Experimental methods and groups
	Statistical analysis

	Results
	Survival rates of the rats
	Cytokine concentrations in the serum and ascites
	Pathological changes in the pancreas under light microscopy
	SAP model group (control group)
	Early drainage group
	Delayed drainage group


	Discussion
	Acknowledgments 
	References




