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Abstract

Background Step-up approach consisting of multiple

minimally invasive techniques has gradually become the

mainstream for managing infected pancreatic necrosis

(IPN). In the present study, we aimed to compare the safety

and efficacy of a novel four-step approach and the con-

ventional approach in managing IPN.

Methods According to the treatment strategy, consecutive

patients fulfilling the inclusion criteria were put into two

time intervals to conduct a before-and-after comparison:

the conventional group (2010–2011) and the novel four-

step group (2012–2013). The conventional group was

essentially open necrosectomy for any patient who failed

percutaneous drainage of infected necrosis. And the novel

drainage approach consisted of four different steps

including percutaneous drainage, negative pressure irriga-

tion, endoscopic necrosectomy and open necrosectomy in

sequence. The primary endpoint was major complications

(new-onset organ failure, sepsis or local complications,

etc.). Secondary endpoints included mortality during hos-

pitalization, need of emergency surgery, duration of organ

failure and sepsis, etc.

Results Of the 229 recruited patients, 92 were treated with

the conventional approach and the remaining 137 were

managed with the novel four-step approach. New-onset

major complications occurred in 72 patients (78.3%) in the

two-step group and 75 patients (54.7%) in the four-step

group (p\ 0.001). For other important endpoints, although

there was no statistical difference in mortality between the

two groups (p = 0.403), significantly fewer patients in the

four-step group required emergency surgery when com-

pared with the conventional group [14.6% (20/137) vs.

45.6% (42/92), p\ 0.001]. In addition, stratified analysis

revealed that the four-step approach group presented sig-

nificantly lower incidence of new-onset organ failure and

other major complications in patients with the most severe

type of AP.

Conclusion Comparing with the conventional approach,

the novel four-step approach significantly reduced the rate

of new-onset major complications and requirement of

emergency operations in treating IPN, especially in those

with the most severe type of acute pancreatitis.

Keywords Infected pancreatic necrosis � Minimally

invasive � Negative pressure irrigation � Endoscopic
necrosectomy � Stratified analysis

In patients with acute pancreatitis (AP), a certain propor-

tion of them would develop secondary infection, namely

infected pancreatic necrosis (IPN), in the later course of the

disease. It is reported that IPN is an independent determi-

nant for mortality and morbidity, leading to poor prognosis
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[1]. Also, it is strongly recommended that proactive inter-

vention combined with antibiotic treatment is necessary in

those patients with IPN [2].

Open necrosectomy (ON) was once regarded as the

primary choice for IPN. However, this invasive procedure

is reported to be associated with high mortality (11–39%)

and morbidity (34–95%) [3–7] as well as long-term pan-

creatic dysfunction. Thus, minimally invasive techniques,

including percutaneous catheter drainage (PCD), trans-

gastric endoscopic debridement (TED) and video-assisted

retroperitoneal debridement (VARD), have emerged since

decades ago [8–12]. Recently, step-up approaches com-

bining these new techniques in sequence have shown

promising results in reducing morbidity and mortality of

the IPN patients [12–18]. In this way, minimally invasive

approaches seem to gradually replace the traditional posi-

tion of ON and become the mainstream of IPN therapy.

Complying with the international trend, IPN therapy in

our center was also improved during the past years. ON had

always been the main way for IPN patients before 2008.

Meanwhile, PCD was also performed in a certain part of

AP patients, mostly to make a definite diagnosis of IPN,

although a few patients could be cured unexpectedly after

that. PCD has gradually become the first choice for IPN

patients since 2008 and approximate half of the IPN

patients could fully recover with PCD alone. While, most

of the IPN patients with high computed tomography (CT)

density and wide distribution of pancreatic necrosis were

converted to operation. We also attempted TED or VARD

for managing these patients during the past few years.

Whereas, no favorable results were achieved, which might

owe to the lack of experience. All of the above situations

promoted the development of our novel step-up strategy.

As our department was a transfer center for intestinal

fistula in China, we have accumulated rich experience in

the management of peritoneal/retroperitoneal infection.

Among which, continuous negative pressure irrigation

(CNPI) in the abscess via a double catheterization cannula

is one of the key techniques. Before 2012, we only insert

the double catheterization cannula during the procedure of

ON for postoperative CNPI. With the improvement in

minimally invasive techniques, we can dilate the sinus

created by PCD using the Seldinger technique and then

insert the double catheterization cannula for CNPI. Fur-

thermore, through the sinus tract created by the double

catheterization cannulas, we can use an electronic gastro-

scope (30F) for endoscopic necrosectomy (ED). After all

these minimally invasive therapy, only few patients

required ON. And this distinctive four step-up approach,

which has never been applied in other centers, has become

the primary way for IPN therapy in our center since 2012.

In the present study, we aimed to compare the safety and

clinical efficiency of the novel four step-up approaches and

the conventional two step-up approaches among patients

with IPN.

Methods

We conducted a before-and-after study with a prospec-

tively collected database at the Department of General

Surgery of Jinling Hospital, Nanjing University between

January 2010 and December 2013. During the study period,

all the consecutive patients admitted to our center with a

diagnosis of IPN were registered in an internal database

and screened for potential enrollment. The study was

approved by the Institutional Review Board of Jinling

Hospital. The inclusion criteria for the study were: (1)

patients with a confirmed diagnosis of AP based on the

Atlanta Criteria [19]; (2) aged between 18 and 70 years

old; and (3) developed IPN during the clinical course

(according to the presence of gas bubbles within pancreatic

necrosis on CT scan or a positive bacterial culture obtained

by fine-needle aspiration, first drainage and/or operation

[20]). Patients were excluded if they met one or more

following criteria: (1) they were in pregnancy, with

malignancy or auto-immune diseases, etc.; (2) they had

received exploratory laparotomy for necrosectomy,

abdominal compartment syndrome (ACS), perforation of a

visceral organ, intra-abdominal bleeding, etc., in other

hospitals before admitting to our institute during the cur-

rent episode of AP; (3) they had received intervention for

IPN in other hospitals before admitting to our institute

during the current episode of AP; (4) the treatment strategy

was not completed owing to nonmedical reasons. Initial

medical treatment was carried out for every patient before

IPN confirmation according to the international recom-

mendations [21, 22]. Baseline characteristics such as acute

physiology and chronic health evaluation (APACHE) II

score, CT severity index, sequential organ failure assess-

ment (SOFA) score and body mass index (BMI) were

evaluated and collected on admission. Laboratory data

including C-reactive protein (CRP), albumin and white

blood cells (WBC) were also assessed within 24 h after

admission.

Definitions

The severity of pancreatitis was assessed and classified

before intervention according to the revised Atlanta clas-

sification [2]. New-onset complication was defined as the

development of a complication that was not present at any

time during the last 24 h before the first intervention [12].

Organ functions were evaluated in three organ systems:

cardiovascular, renal and respiratory systems. The criteria

for cardiovascular, renal and respiratory failure were
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defined based on recently published international consen-

sus [2, 20]: cardiovascular (systolic blood pressure

\90 mmHg despite adequate fluid resuscitation or need for

inotropic agent), renal [serum creatinine C171 lmol/L

(2.0 mg/dL) after rehydration] and respiratory [PaO2/

FiO2 B 300 mmHg (40 kPa)]. Multiple organ failure

(MOF) was defined as the failure on two or more systems

at the same time. Organ failure presenting for\48 h was

defined as transient organ failure and presenting for[48 h

was defined as persistent organ failure [2].

The definition of sepsis and septic shock was based on

the international consensus of surviving sepsis campaign

(SSC) 2012 [23]. ACS was defined as a sustained intra-

abdominal pressure (IAP)[20 mmHg [with or without an

abdominal perfusion pressure (APP)\60 mmHg] that was

associated with new organ dysfunction/failure according to

the updated consensus of World Society of the Abdominal

Compartment Syndrome (WSACS) [24]. Gastrointestinal

fistula was defined as the discharge of the contents of

gastric, small or large bowel from a drain or from the

surgical wound [16]. Intra-abdominal bleeding was defined

as peritoneal/retroperitoneal bleeding that required surgi-

cal, radiologic or endoscopic intervention. Gastrointestinal

bleeding was defined as all forms of bleeding in the gas-

trointestinal tract, from the mouth to the rectum and blood

loss more than 500 ml/24 h.

Minimally invasive techniques

Conventional two-step approach (2010–2011)

Step one: PCD Image-guided PCD was well described in

our previous study [25, 26]. All drainages were performed

under the guidance of ultrasound or CT using the Seldinger

technique. First, percutaneous needle was inserted into the

IPN, avoiding the adjacent vital organs. After that, the

catheter tract was dilated and a pigtail catheter (Bioteque

Corporation, Taiwan, China) was inserted. After necrotic

sample was acquired for bacterial culture, all the liquefied

necrotic tissue was aspirated. Irrigation was started the next

day with 0.9% saline solution every 4 h. Assessment

should be started since the third day after PCD. If the

clinical symptoms of the patient were gradually improved,

the irrigation should be continued. If a patient failed to

show clinical improvement after 3 days, he/she should be

timely converted to open necrosectomy.

Step two: ON The procedure of ON, originally described

by Beger et al. [12], was similar to previous reports.

Briefly, a laparotomy through a bilateral subcostal incision

was performed. After complete removal of pancreatic and

peri-pancreatic necrosis, several double catheterization

cannulas were inserted for postoperative irrigation and the

abdomen was closed.

Novel four-step approach (2012–2013)

Different from the conventional two-step approach, the

novel four-step approach for the patients admitted during

the period from January 2012 to December 2013 including

the following four procedures: PCD, CNPI, ED and ON in

sequence. The detailed technique procedure and indications

for each step of this strategy were described in the attached

file and more details could be seen in our previous report

[27].

Step one: PCD

The procedure of PCD was described above. When one or

more of the following criteria was met: (1) clinical

improvement (improved organ function including cardio-

vascular, respiratory and renal or at least 10% drop of

APACHE II score) was not achieved with PCD alone in

3 days after procedure or CT results showed the drain was

inadequate, (2) mean CT density of necrotic tissue was

above 30Hu or (3) suspected or diagnosed gastrointestinal

fistula, the second step would be applied.

Step two: CNPI

Irrigation was performed through a ‘‘double catheterization

cannula’’ of size 24–30F (Figs. 1, 2). The procedure of

cannula catheterization was similar to that of PCD under

the guidance of ultrasound or CT. In patients who received

CNPI, PCD would usually be additionally applied to con-

struct a ‘‘drainage system’’ (Fig. 3) to facilitate the

drainage.

Step three: ED

ED was applied following NPI when necessary before

consideration of ON. An electronic gastroscope of 30F was

used in the procedure of ED. The gastroscope could get

through the man-made sinus tract created by ‘‘double

catheterization cannula’’ and drag out solid necrotic tissue,

which could not be rinsed out by PCD or CNPI, with the

help of a snare.

Step four: ON

The procedure of ON was also described above.

During any procedure of the four-step strategy, if patients

suffered one or more of the following situation: (1) intra-

abdominal bleeding could not be controlled by conservative

treatment or interventional embolization; (2) ongoing ACS
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which could not be alleviated by conservative management;

(3) progression of septic shock; (4) confirmed gastroin-

testinal fistula could not be well drained by PCD or CNPI

(depending on the judgment of the treating physician); they

would be converted to emergency ON.

All the procedures were performed by the same medical

team (including two physicians, six gastrointestinal surgeons,

three endoscopists and two radiologists) who were experi-

enced in pancreatic surgery as well as other procedures.

Data collection and endpoints

Demographic data including age, gender, etiology,

comorbidities, APACHE II score and SOFA score before

intervention, time interval from AP onset to admission and

from IPN diagnosis to intervention of all study patients

were recorded and collected. CECT was performed on

admission, before discharge and on demand of the treating

physician. The extent of the pancreatic necrosis was mea-

sured according to the image findings, and the CT severity

index was assessed based on the Balthazar’s CT score [28].

Patients were discharged after clinical recovery with/

without drainage catheters in situ. All the patients were

followed up for at least 6 months after discharge as out-

patients in the clinic, with a frequency of every 2 weeks for

the first 2 months and monthly for the following 4 months.

The drainage catheter would not be removed until (1)

disappearance of clinical symptom with no recurrence; (2)

the output of the catheter was less than 5 ml/d for 7 con-

secutive days; and (3) CT scan confirmed no residual

collection.

The primary endpoint was major complications (new-

onset organ failure, sepsis or local complications including

intra-abdominal bleeding, gastrointestinal bleeding and

gastrointestinal fistula required intervention). The sec-

ondary endpoints included hospital mortality, need of

emergency surgery, duration of organ failure and sepsis,

ICU re-admission after discharge, other AP-related

Fig. 1 Screening and

enrollment of the study patients

Fig. 2 Picture of double catheterization cannula. The double

catheterization cannula is made of three parts: Part A is a 8F plastic

tube for continuous infusion of normal saline. Part B is a 24–30F-in-

diameter dead-end plastic tube. Part C, which is used for continuous

negative pressure drainage, is a plastic catheter inside part B
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complications, exacerbations of pre-existing comorbidities,

length of hospital and ICU stays and economical cost, etc.

Stratified analysis

The patients were divided into two subgroups according to

the presence of organ failure: (1) moderately severe AP:

IPN patients without persistent organ failure, (2) severe

AP: IPN patients with persistent organ failure. Major

complications (including new-onset organ failure, intra-

abdominal bleeding and gastrointestinal fistula), mortality,

length of hospital and ICU stays as well as cost were

compared and analyzed between patients receiving the two

different strategies in each subgroup.

In addition, patients who underwent operation in the two

groups were also compared in terms of reason for primary

operation, incidence of postoperative complications (in-

cluding new-onset organ failure, intra-abdominal bleeding

and gastrointestinal fistula) as well as postoperative

mortality.

Statistically analysis

Continuous variables were expressed as medians plus

interquartile ranges (IQR) or range due to the variability of

the study patients. Categorical variables were described in

absolute numbers and in percentages. All the statistical

analyses were performed using the Statistical Product and

Service Solutions (SPSS) 22.0 statistical software package

(IBM Analytics, Armonk, NY) in our study. For continuous

variables, after checking normality using Kolmogorov–

Smirnov test, student t test was applied for normally dis-

tributed data and the Mann–Whitney U test for skewed data

to compare the means. For comparison of categorical

variables, Chi-square or Fisher’s exact test was applied.

Results were presented as odds ratios (OR) with corre-

sponding 95% confidence intervals (CI). All p values were

two-sided, and a p value of\0.05 was considered statis-

tically significant.

Results

Study participants

During the study period from January 2010 to December

2013, a total of 229 patients with IPN were enrolled in this

study. Ten patients did not complete the treatment strategy

due to financial reasons, as shown in Fig. 1. Of all the

enrolled patients, 92 patients (admitted between January

2010 and December 2011) were treated with the conven-

tional two-step approach and the other 137 patients

Fig. 3 Samples for the

‘‘drainage system’’ consisting of

pigtail catheter and double

catheterization cannula (white

arrow)
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(admitted between January 2012 and December 2013) were

treated with the novel four-step approach for IPN. Patients

in the two treatment groups had similar demographic and

clinical characteristics (Table 1). Besides, as 90% of the

study patients were transferred from other hospitals, the

median time from AP onset to admission was similar,

around 4 weeks in both groups (p = 0.209). The majority

of the patients presented low levels of serum albumin, high

levels of serum C-reactive protein (CRP) and white blood

cells (WBC) on admission. Over four fifths of the patients

received enteral nutrition as the major way for nutritional

support and around one-third of them required mechanical

ventilation for breathing support due to respiratory failure.

Conventional two-step approach

During the study period between January 2010 and

December 2011, 92 patients were treated with the con-

ventional two-step approach for IPN. Almost one-third of

the patients (31.5%, 29 of 92) suffered complete necrosis

of the pancreas, of whom, thirteen cases underwent pri-

mary operative necrosectomy. Most patients in this group

suffered severe AP and the CT severity index was also

extremely high (Tables 1 and 2). More than half of the

patients presented organ failure at admission without

extremely high APACHE II score and SOFA score

(Tables 1, 2), predominantly respiratory failure (51.1%, 47

of 92). Mesocolon was involved by necrosis in 33 cases

(35.9%) and most of them developed colonic fistula in the

late phase of the disease. Almost half of the patients

developed septicemia during hospitalization, with Escher-

ichia coli being the major pathogen (detailed microbio-

logical data in Supplementary Table 1). About 44.6% (41

of 92) of the study patients received PCD only during the

study period. Thirty-three patients (35.9%) underwent both

PCD and ON, and the median time interval from AP onset

to surgery was around 40 days (Supplementary Table 2). In

addition, 51 patients (55.4%) received one or more oper-

ations during the process, of which, 42 (45.6%) patients

required emergency operation for ongoing deteriorated

organ functions and/or uncontrolled intra-abdominal

bleeding (Table 3). Finally, 26 patients died during hos-

pitalization. Of which, 25 died of infection-related MOF

and the other one died of cerebral hemorrhage after the

infection was well controlled.

Novel four-step approach

Between 2012 and 2013, 137 patients with IPN were

treated with the novel four-step approach. Similar to the

patients managed with the conventional approach, most

patients in this group also suffered the most severe type of

AP with a large extent (above 50%) of pancreatic necrosis

(Table 2). Around 30% of the patients developed complete

necrosis of the pancreas, of whom, 13 cases underwent ON

for inadequate drainage or progression of septic shock.

Lung was the most common organ involved in SAP

patients (67.9%, 93 of 137) and approximately half of the

patients required mechanical ventilation. A total of seven

different strategies were applied in our patients and about

39.4% (54 of 137) of the study patients received PCD only.

Other commonly applied strategies included PCD ? NPI,

PCD ? ON, PCD ? NPI ? ED and PCD ? NPI ? ON.

Of all the patients treated with the four-step approach, eight

patients underwent all the four steps. In general, a median

of two steps and three procedures were applied for each

patient (Supplementary Table 2). The median time interval

from AP onset to surgery was around 2 months. Compa-

rable to the patients receiving the conventional approach,

51 patients (37.2%) in the four-step group developed sep-

ticemia during hospitalization, with Klebsiella pneumonia

being the major pathogen (Supplementary Table 1).

Eventually, 32 patients (23.4%) died during hospitaliza-

tion. Of whom, 28 died of infection-related MOF, two died

of massive trachea hemorrhage and the other two died of

uncontrolled infection caused by toxic epidermal necroly-

sis and pressure sore, respectively.

Clinical endpoints

Table 3 represents with the clinical endpoints of the

patients in the two groups. The primary endpoint occurred

in 72 patients (78.3%) of the conventional group and 75

patients (54.7%) of the novel group (OR for four-step

approach: 0.34, 95% CI 0.18–0.61, p\ 0.001). It is obvi-

ous that patients treated with the conventional approach

were more likely to develop organ failure after intervention

and cardiovascular was most commonly involved. The

difference was also sound in new-onset intra-abdominal

bleeding and gastrointestinal fistula. The incidence of new-

onset organ failure was markedly lower for the novel four-

step group than the conventional group (22/137 vs. 28/92,

p = 0.010), as well as the incidence of local complications

(49/137 vs. 45/92, p = 0.047). Twenty-four patients

(17.5%) in the four-step group and 34 patients (37.0%) in

the two-step group developed intra-abdominal bleeding

after intervention (OR for four-step approach: 0.36, 95% CI

0.20–0.67, p = 0.001). For the patients following the two-

step approach, the bleeding event mainly occurred after the

primary operation. Most cases of bleeding occurred in the

retroperitoneum for both groups, and emergency surgery

was applied in 9 cases of the two-step group and 12 cases

of the four-step group. Also, more patients developed

gastrointestinal fistulas in the conventional group than

those in the four-step group (24/137 vs. 29/92, p = 0.014),

mostly colonic fistula. Twelve cases of the four-step group
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and 13 cases of the two-step group underwent operative

ileostomy or colostomy for colonic fistula.

There was no statistical significance in the mortality rate

between the two groups (32/137 vs. 26/92, OR for four-step

approach: 0.77, 95% CI 0.42–1.41, p = 0.403). Moreover,

patients were more likely to have a higher mortality rate

after primary necrosectomy, as 18 of the 26 (69.2%) non-

survivors in the conventional group and 16 of the 32

Table 1 Demographic data and baseline characteristics of the patients

Characteristic Four-step group (n = 137) Two-step group (n = 92) p value

Age, year 46 (39, 57) 48.5 (39.5, 55.8) 0.739

Gender, male/female 91/46 64/28 0.618

BMIa 24.2 (21.2, 26.8) 25.0 (24.1, 27.8) 0.413

APACHE II scoreb 11 (8, 16) 12 (8, 16) 0.289

APACHE II score C20, no. (%) 19 (13.9) 14 (15.2) 0.776

CT severity indexc 10 (8, 10) 10 (8, 10) 0.900

SOFA scored 3.5 (2, 5) 2 (2, 5) 0.716

Etiology of pancreatitis, no. (%)

Biliary 68 (49.6) 44 (47.8) 0.788

Alcohol 21 (15.3) 20 (21.7) 0.215

HTG 45 (32.8) 26 (28.3) 0.462

Other 3 (2.2) 2 (2.2) 0.994

Comorbidities, no. (%)

Cardiovascular diseasee 39 (28.5) 33 (35.9) 0.237

Chronic lung disease 6 (4.4) 2 (2.2) 0.373

Chronic renal insufficiency 5 (3.6) 4 (4.3) 0.790

Diabetes mellitus 26 (19.0) 18 (19.6) 0.912

Nonmedical history

Smoking 53 (38.7) 33 (35.9) 0.666

Drinking 56 (40.9) 38 (41.3) 0.948

Laboratory data

CRP, mg/L 134 (89, 180) 142 (88, 208) 0.074

Albumin, g/L 31.2 (28.5, 34.2) 33.2 (30.5, 35.6) 0.141

WBC, *109/L 9.9 (7.4, 15.4) 11.0 (8.2, 16.5) 0.266

Time interval from IPN diagnosis to intervention, days 5 (1, 15.8) 6 (2.8, 13.2) 0.605

Nutritional support, no. (%)

TEN 116 (84.7) 79 (85.9) 0.803

TPN 4 (2.9) 3 (3.3) 0.883

EN ? PN 17 (12.4) 10 (10.9) 0.723

Organ supportive therapy before intervention

Mechanical ventilation 50 (36.5) 33 (35.9) 0.923

CRRT 36 (26.3) 31 (33.7) 0.226

Vasoactive agents 15 (10.9) 10 (10.9) 0.985

Values are median ± interquartile range (IQR). HTG denotes hypertriglyceridemia,CRP C-reactive protein, WBC white blood cells, TEN total

enteral nutrition, TPN total parenteral nutrition, CRRT continuous renal replacement therapy
a MI denotes body mass index and equals to the weight (kilograms) divided by the square of the height (meters)
b APACHE II score denotes scores on the Acute Physiologic and Chronic Health Evaluation II (APACHE II) scale and scores range from 0 to

71, with higher scores indicating more severe disease
c Scores on the CT severity index (data obtained before intervention) range from 0 to 10, with higher scores indicating more extensive pancreatic

and peri-pancreatic necrosis
d SOFA score denotes score on the sequential organ failure assessment scale and ranges from 0 to 24, with higher scores indicating more severe

organ
e Mainly hypertension and coronary heart disease
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(50.0%) nonsurvivors in the four-step group underwent one

or more operations. Forty-two patients (45.6%) in the two-

step group and 20 patients (14.6%) in the four-step group

needed emergency surgery (OR for four-step approach:

0.20, 95% CI 0.11–0.38, p\ 0.001) due to ongoing dete-

riorated organ functions or uncontrolled intra-abdominal

bleeding. Although there was no significant difference in

terms of duration of organ failure between the two groups,

higher incidence of exacerbated cardiovascular disease was

seen in the patients treated by conventional approach (9/

137 vs. 14/92, p = 0.033), mostly presenting with atrial

fibrillation, stroke and/or heart failure. Additionally, it was

notable that patients treated by the four-step approach had

comparable and even shorter hospital [38.5 (IQR 21–62.5)

days vs. 42 (IQR 24–73) days, p = 0.193] and ICU stays

[19 (IOR 7–43) days vs. 28 (IQR 13–49) days, p = 0.193]

as well as lower rate of ICU re-admission after discharge

(25/137 vs. 36/92, OR for four-step approach: 0.47, 95% CI

0.30–0.72, p\ 0.001) than those treated by conventional

approach, despite the more steps and procedures they

received.

Surgical intervention

Twenty-eight patients (20.4%) in the four-step group and

51 patients (55.4%) in the two-step underwent one or

more operations during the clinical course of AP. Pro-

gression of septic shock was the major cause for the first

operation in both groups (Tables 4, 5). Other causes

included uncontrolled intra-abdominal bleeding, gastroin-

testinal fistula, ongoing ACS, etc. There was no significant

difference in new-onset organ failure (9/28 vs. 22/51, OR

for four-step approach: 0.62; 95% CI 0.24–1.64,

p = 0.338) after the operation between the two groups.

Notably, patients following the four-step approach tended

toward a higher mortality rate after the operation than

those following the conventional approach (16/28 vs.

18/51, OR for four-step approach: 2.44; 95% CI

0.24–1.64, p = 0.061), despite of reduced postoperative

hospital duration and complications such as intra-abdom-

inal bleeding and gastrointestinal fistula. This might par-

tially blame to the overly strict indications for ON in the

novel four-step approach.

Table 2 Severity of the disease in the patients

Variable Four-step group (n = 137) Two-step group (n = 92) p value

Grading of AP 0.052

Moderately severe 41 (29.9) 39 (42.4)

Severe 96 (70.1) 53 (57.6)

Extent of pancreatic necrosis, no. (%) 0.689

\30% 15 (10.9) 8 (8.7)

30–50% 39 (28.5) 27 (29.3)

[50% 83 (60.6) 57 (62.0)

Extrapancreatic distributiona 7 (6, 8) 6 (5, 8) 0.264

Extrapancreatic Necrosis

LAPR 13 (9.5) 11 (12.0) 0.550

RAPR 4 (2.9) 2 (2.2) 0.729

BAPR 41 (29.9) 23 (25.0) 0.415

RAPR ? mesocolon 9 (6.6) 5 (5.4) 0.725

LAPR ? mesocolon 22 (16.0) 13 (14.1) 0.691

BAPR ? mesocolon ? mesenteric 28 (20.4) 15 (16.3) 0.432

Disease severity, no. (%)

SIRSb 137 (100) 92 (100) –

Organ failure 96 (70.1) 53 (57.6) 0.052

ARDS 93 (67.9) 47 (51.1) 0.011

AKI 41 (29.9) 27 (29.3) 0.925

Shock 30 (21.9) 14 (15.2) 0.208

Positive blood culture before intervention 12 (8.8) 9 (9.8) 0.792

AP denotes acute pancreatitis, LAPR left anterior pararenal region, RAPR right anterior pararenal region, BAPR bilateral anterior pararenal region
a The distribution of infected necrosis included lesser sac, pancreatic head, pancreatic body, pancreatic tail, left anterior pararenal space, right

anterior pararenal space, left paracolic sulci, right paracolic sulci, and pelvic cavity. Each space stands for 1 point, which sums up to 9 points [1]
b SIRS denotes systemic inflammatory response syndrome, which is defined according to the consensus-conference criteria of the American

College of Chest Physicians and the Society of Critical Care Medicine

4610 Surg Endosc (2017) 31:4603–4616

123



Table 3 Endpoints of the patients following the two different approaches

Variable Four-step group (n = 137) Two-step group (n = 92) OR (95% CI) p value

Major complication, no. (%)a 75 (54.7) 72 (78.3) 0.34 (0.18–0.61) \0.001

New-onset organ failure 22 (16.0) 28 (30.4) 0.44 (0.23–0.83) 0.010

ARDS 3 (2.2) 5 (5.4) 0.39 (0.09–1.67) 0.190

AKI 8 (5.8) 8 (8.7) 0.65 (0.24–1.80) 0.406

Shock 18 (13.1) 22 (23.9) 0.48 (0.24–0.96) 0.035

Multiple organ failure 17 (12.4) 23 (25.0) 0.50 (0.28–0.88) 0.014

New-onset complication 49 (35.8) 45 (48.9) 0.58 (0.34–1.00) 0.047

Intra-abdominal bleeding 24 (17.5) 34 (37.0) 0.36 (0.20–0.67) 0.001

Gastrointestinal bleeding 1 (0.7) 1 (1.1) 0.67 (0.04–10.83) 0.776

Gastrointestinal fistula 24 (17.5) 29 (31.5) 0.46 (0.25–0.86) 0.014

ACS 7 (5.1) 6 (6.5) 0.77 (0.25–2.38) 0.651

New-onset sepsis 26 (19.0) 23 (25.0) 0.70 (0.37–1.33) 0.276

Hospital mortality, no. (%) 32 (23.4) 26 (28.3) 0.77 (0.42–1.41) 0.403

Disease specific 30 (21.9) 25 (27.2) 0.75 (0.41–1.39) 0.360

Disease nonspecific 2 (1.4) 1 (1.1) 1.35 (0.12–15.09) 0.808

Need of emergency surgery, no. (%)b 20 (14.6) 42 (45.6) 0.20 (0.11–0.38) \0.001

Need of surgery, no. (%) 28/137 51/92 0.21 (0.12–0.37) \0.001

Duration of organ failure after intervention, days

ARDS 6 (4, 23) 12 (6, 37) 0.292

Range 2–110 3–88

AKI 11 (6, 25.8) 20 (8.2, 24.5) 0.992

Range 3–124 4–64

Shock 5 (3, 10) 5 (3, 10.5) 0.665

Range 2–49 3–15

Duration of sepsis after intervention, days 8.5 (4.8, 17.2) 9.5 (5.8, 16.8) 0.779

Range 2–49 5–52

ICU re-admission after discharge, no. (%) 25 (18.2) 36 (39.1) 0.47 (0.30–0.72) \0.001

Other new-onset complication, no. (%)

Pancreatic fistula 12 (8.8) 10 (10.9) 0.79 (0.32–1.91) 0.595

Splanchnic venous thrombosis 6 (4.4) 6 (6.5) 0.66 (0.20–2.10) 0.476

New-onset diabetes mellitus 24 (17.5) 30 (32.6) 0.44 (0.24–0.82) 0.008

Exacerbation of pre-existing comorbidities, no. (%)

Diabetes mellitusc 13 (9.5) 14 (15.2) 0.58 (0.26–1.31) 0.188

Cardiovascular diseased 9 (6.6) 14 (15.2) 0.39 (0.16–0.95) 0.033

Chronic lung diseasee 5 (3.6) 4 (4.3) 0.83 (0.22–3.19) 0.790

Chronic renal insufficiencyf 3 (2.2) 3 (3.3) 0.66 (0.13–3.36) 0.619

Length of ICU stay, days 19 (7, 43) 28 (13, 49) 0.193

Length of hospital stay, days 38.5 (21, 62.8) 42 (24, 73) 0.243

Cost, thousand CHY 189 (97–327) 202 (103–362) 0.469

OR denotes odds ratio, CI confidence intervals, ARDS acute respiratory distress syndrome, AKI acute kidney injury, PCD percutaneous catheter

drainage, NPI negative pressure irrigation, ED endoscopic necrosectomy, ACS abdominal compartment syndrome, ICU intensive care unit
a One or more events in the same patient were considered as one end point
b Patients needed emergency surgery due to ongoing deteriorated organ functions or uncontrolled abdominal bleeding
c Patients with pre-existing diabetes needed higher dose of oral antidiabetic agent or insulin during or after the course of acute pancreatitis
d Patients with pre-existing coronary disease developed atrial fibrillation, stroke, heart failure ormyocardial infarction during or after the course

of acute pancreatitis
e Symptoms of the patients with pre-existing chronic lung disease deteriorated during or after the course of acute pancreatitis
f Patients with pre-existing chronic renal insufficiency developed renal failure during or after the course of acute pancreatitis
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Stratified analysis

We then performed a stratified analysis to compare the

incidence of mortality and major complications following

the conventional and novel approach, respectively, in the

subgroup patients with moderately severe AP or severe AP

(Table 4). In patients with severe AP, no statistical dif-

ference was shown in the mortality rate between those

treated with novel four-step approach and the conventional

approach (31/137 vs. 24/92, OR for four-step approach:

0.58, 95% CI 0.29–1.15, p = 0.116). Similar results were

also seen in the incidence of new-onset organ failure, intra-

abdominal bleeding as well as gastrointestinal fistula.

Nevertheless, in the patients with moderately severe AP,

patients treated with the four-step approach had markedly

shorter hospital and ICU stays and also a tendency toward

less cost than those treated with the conventional approach,

probably attributing to the less invasiveness of this novel

step-up approach. Whereas, the differences were not sta-

tistically significant in terms of mortality, new-onset organ

failure and intra-abdominal bleeding between the subgroup

patients with moderately severe AP following the two

different strategies.

Discussion

Since 2006 when the PANTER study came out [29], step-

up approach has gradually become the mainstream for

managing IPN. In this study, we compared our novel four-

step approach, which combined three minimally invasive

techniques, namely PCD, NPI and ED, and operation

together with the conventional two-step strategy (PCD and

open surgery). Although no significant difference was

detected in overall mortality, the incidence of organ failure,

local and systemic complications (e.g. intra-abdominal

bleeding, fistula) decreased dramatically in patients

receiving the four-step approach. With the aid of these

minimally invasive techniques, about four fifths of the

participants (109 of 137 patients, 79.6%) avoided open

Table 4 Subgroup analysis for

the outcome of the patients

underwent the two different

approaches

Variable Four-step group (n = 137) Two-step group (n = 92) OR (95% CI) p value

Subgroups, no. (%) 0.052

Moderately severe 41 (29.9) 39 (42.4) 0.58 (0.33–1.01)

Severe 96 (70.1) 53 (57.6) 1.72 (0.99–2.99)

Hospital mortality, no. (%)

Moderately severe 1 (2.4) 2 (5.1) 0.46 (0.04–5.32) 0.527

Severe 31 (32.3) 24 (45.3) 0.58 (0.29–1.15) 0.116

New-onset organ failure, no. (%)

Moderately severe 3 (7.3) 6 (15.4) 0.43 (0.10–1.87) 0.254

Severe 19 (19.8) 22 (41.5) 0.35 (0.17–0.73) 0.004

New-onset intra-abdominal bleeding, no. (%)

Moderately severe 2 (4.9) 5 (12.8) 0.35 (0.06–1.92) 0.209

Severe 22 (22.9) 29 (54.7) 0.25 (0.12–0.51) \0.001

New-onset gastrointestinal fistula, no. (%)

Moderately severe 2 (4.9) 8 (20.5) 0.20 (0.04–1.00) 0.035

Severe 22 (22.9) 21 (39.6) 0.45 (0.22–0.94) 0.031

Length of ICU stay, days

Moderately severe 6 (2.5, 11.5) 19.5 (7.8, 33.8) 0.001

Severe 27 (14, 50) 36 (20.5, 54.5) 0.401

Length of hospital stay, days

Moderately severe 22.5 (14.2, 41.8) 39 (21, 57.5) 0.013

Severe 46.5 (27, 73.2) 49 (30, 82.5) 0.630

Cost, thousand CHY

Moderately severe 84 (51, 129) 117 (61, 205) 0.064

Severe 245 (147, 411) 290 (170, 431) 0.256

Patients were divided into three subgroups according to the presence of organ failure before intervention:

(1) Severe AP: without organ failure; (2) Critical AP: with single or multiple organ failure

OR denotes odds ratio, CI confidence intervals, ICU intensive care unit

4612 Surg Endosc (2017) 31:4603–4616

123



surgery and most of them successfully survived with a

mortality of 14.7%, suggesting that this novel four-step

approach was a safe and efficient strategy.

Compared with our previous two-step approach, the

most pivotal change we made in the novel four-step

approach is the introduction of CNPI, which enables con-

tinuous irrigation of IPN and percutaneous endoscopic

intervention. Different from PCD, CNPI is supposed to be

an active drainage procedure, which could better drain the

liquefied necrosis and reduce the incidence of sepsis and

organ failure [30]. Besides, it is reported that continuous

negative pressure could help decrease bacterial prolifera-

tion, accelerate the liquefaction of solid necrotic tissue and

the formation of granulation tissue, therefore CNPI is

probably helpful in walling off the necrotic tissue and

controlling consequent local and systemic complications

such as intra-abdominal bleeding, septic shock and gas-

trointestinal fistula. In the present study, with the addition

of CNPI and ED, the four-step approach significantly lower

the incidence of several lethal complications including

MOF [12.5% (17/137) vs. 25.0% (23/92)], intra-abdominal

bleeding [17.5% (24/137) vs. 37.0% (34/92)] as well as

gastrointestinal fistula [17.5% (24/137) vs. 31.5% (29/92)].

Although CNPI is supposed to be a unique technique in our

center, similar instrument had been described before by

Raraty et al., and the results were also encouraging by

showing fewer complications with minimally access

approach [5, 31].

Another merit offered by CNPI is that the sinus tract it

created could be used repeatedly to perform percutaneous

endoscopic debridement and therefore limit the impairment

of ED procedures to the most extent. The use of endoscope

and laparoscope in the management of IPN had been

reported frequently in the literature. Barton et al. [32] first

used transmural endoscopic drainage (TED) in managing

infected necrosis in SAP patients. However, TED was only

applicable to those IPN patients whose necrotic tissue was

adjacent to the stomach or duodenum. Bang et al. [14]

introduced an endoscopic step-up approach combining

endoscopic and percutaneous drainage together. Although

it was practicable in most of IPN patients, it might be less

effective in those patients with massive solid necrosis.

Endoscopic necrosectomy was also proved to be effective

in another study conducted by Liu et al. [33]; however, the

detailed procedure for the endoscopic necrosectomy was

not described in their study.

When it comes to the VARD, which was designed to

debride the necrosis with the aid of nephroscope or

Table 5 Detailed information about operation and postoperative complications in the patients underwent the two different approaches

Variable Four-step group (n = 137) Two-step group (n = 92) OR (95% CI) p value

Patients received operation, no. (%) 28/137 51/92 0.21 (0.12–0.37) \0.001

Time interval between AP onset to operation, days 35.5 (27.8, 49.5) 29 (20, 39) 0.036

Reason for the primary operation, no. (%)

Progression of septic shock 13 (46.4) 40 (78.4) 0.24 (0.09–0.65) 0.004

Uncontrolled intra-abdominal bleeding 12 (42.8) 9 (17.6) 3.50 (1.24–9.89) 0.015

Uncontrolled gastrointestinal fistula 3 (10.7) 1 (2.0) 6.00 (0.59–60.66) 0.090

Ongoing ACS 0 (0) 1 (2.0) – 0.456

Postoperative complications, no. (%)

New-onset organ failure 9 (32.1) 22 (43.1) 0.62 (0.24–1.64) 0.338

ARDS 2 (7.1) 5 (9.8) 0.71 (0.13–3.91) 0.691

AKI 3 (10.7) 5 (9.8) 1.10 (0.24–5.01) 0.898

Shock 7 (25.0) 16 (31.4) 0.73 (0.26–2.06) 0.551

Intra-abdominal bleeding 4 (14.3) 21 (41.2) 0.24 (0.07–0.79) 0.014

Gastrointestinal fistula 5 (17.8) 23 (45.1) 0.26 (0.09–0.81) 0.015

Gastric fistula 0 (0) 2 (3.9) – 0.289

Intestinal fistula 2 (7.1) 6 (11.8) 0.58 (0.11–3.07) 0.515

Colonic fistula 3 (10.7) 15 (29.4) 0.29 (0.08–1.10) 0.058

Postoperative mortality, no. (%) 16 (57.1) 18 (35.3) 2.44 (0.95–6.28) 0.061

Postoperative length of hospital stay, days 10 (3.8, 31) 22 (7.8, 44.2) 0.106

Postoperative length of ICU stay, days 6.5 (2, 13.5) 11.5 (5, 22.8) 0.074

OR denotes odds ratio, CI confidence intervals, ACS abdominal compartment syndrome, ARDS acute respiratory distress syndrome, AKI acute

kidney injury
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laparoscope through the retroperitoneal route, previous

studies had reported its value in treating IPN [12, 34].

However, due to the risk of inducing acute peritonitis,

VARD could only be performed retroperitoneally. Differ-

ently, as our ED is implemented through the mature sinus

tract 4–6 days after the CNPI procedure, both peritoneal

and retroperitoneal route can be used safely as needed.

Previous study also reported that endoscopic drainage

through a mature sinus tract could avoid acute peritonitis

[35]. In our study, ED was applied in 34 (24.8%) patients

and the median number of EDs they received was 3 (IQR

2–4, range 1–7) times during the hospitalization, with a

3-day or 4-day interval. For all patients, no procedure-re-

lated complications were found including but not limited to

peritonitis.

Results from the subgroup analysis revealed that severe

patients profited more from the novel four-step approach in

terms of incidence of new-onset organ failure, local and

systemic complications, etc., probably because that the

four-step approach was more aligned with the Damage

Control Principal [36]. Besides, length of hospital and ICU

stay was comparable in the two groups, indicating that,

despite the more steps it contained, the novel four-step

approach did not prolong and even tended to reduce the

length of hospital stay. In patients with moderately severe

AP, the length of hospital and ICU stay was markedly

reduced, implying substantial economic and resource-sav-

ing benefits when apply this novel four-step approach,

although there was no significant difference in the inci-

dence of new-onset complications. All the results sug-

gested that AP patients with more severe type of disease

could benefit more from this novel four-step approach

clinically.

Our treatment strategy also contained some limitations.

First, as we used a snare to remove the necrosis with the aid

of gastroscope, our ED can hardly debride the necrosis as

efficiently as nephroscope and laparoscope although it is

less invasive and safer. In addition, it was notable that the

postoperative mortality in the IPN patients receiving four-

step approach tended toward higher than those receiving

two-step approach, probably owing to the strict indication

for ON in the four-step strategy. This also reminded us the

importance of exploring the optimal timing for operation in

further prospective study. Moreover, although there is no

evidence to support the routine use of prophylaxis antibi-

otic so far, we applied intravenous antibiotic prophylaxis

commonly during the study period depending mostly on

the treatment physician. There were debates regarding the

use of prophylactic antibiotics in the past, and it is men-

tioned that the use of prophylactic antibiotics reduces

infection rates in necrotizing pancreatitis in the 2002 IAP

guidelines [37]. However, in the 2013 IAP guidelines,

intravenous antibiotic prophylaxis is not recommended any

more [38]. And in the 2013 ACG guidelines, the use of

antibiotics in patients with sterile necrosis is also not rec-

ommended [39]. In the future prospective studies, a stan-

dard protocol for the use of antibiotics should be designed

to avoid bias.

Conclusion

As compared to the conventional two-step approach, the

novel four-step approach could significantly reduce the rate

of new-onset major complications and the need of emer-

gency operations among the patients with IPN, especially

in those with more severe type of acute pancreatitis. These

results indicate that this novel four-step approach consist-

ing of PCD followed, if necessary, by NPI followed, if

necessary, by ED followed, if necessary, by ON, is a fea-

sible and promising treatment strategy for the patients with

IPN.
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