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ABSTRACT
Context Infected pancreatic necrosis is traditionally approached with open necrosectomy. The 2010 randomized controlled PANTER 
trial proposed a “Step-Up” approach with fewer major complications, comparable mortality, and fewer operations. Objective We sought 
to evaluate the practical adherence to the Step-Up approach at a tertiary care institution. Design Retrospective, observational study 
comparing outcomes between patients treated in the “early” pre-PANTER trial period (2006-2010) and “late” post-trial period (2011-
2014). Setting Tertiary care, academic teaching hospital in Pittsburgh, PA. Patients Patients with suspected or proven infected pancreatic 
necrosis between 2006 and 2014. Interventions Percurtaneous or endoscopic drainage, surgery including open necrosectomy and video-
assisted retroperitoneal debridement. Main Outcomes Adherence to the Step-Up approach, rates of intervention, long-term complications. 
Results Adherence to the Step-Up approach improved from 27% (25/75) to 46% (27/55) between the early to late periods (p<0.05). Late 
period patients had a higher rate of percutaneous drainage (65% vs. 43%, p=0.012) and higher median number of interventions (3 vs. 2, 
p<0.001), but comparable rates of surgery (73% vs. 79%, p=0.432). Rates of open necrosectomy decreased by 8%. Late patients had lower 
rates of both pancreatitis-related readmission (47% vs. 71%, p=0.007) and multiple readmissions (31% vs. 51%, p=0.024). Conclusions 
Overall, adherence to the SU improved, but remained below 50%. Compliance will likely require institutional support to enforce system-
based clinical pathways and improve outcomes.
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INTRODUCTION 
Acute pancreatitis is responsible for over 270,000 

hospital admissions in the United States per year, and up 
to 20% develop necrotizing pancreatitis [1]. One-third 
of these are further complicated by infection, mandating 
invasive interventions in up to 95% of patients [2]. Infected 
necrotizing pancreatitis has historically been treated with an 
open necrosectomy, however, high rates of morbidity and 
mortality up to 95% and 39%, respectively, have prompted 
efforts to develop minimally-invasive techniques [3, 4, 5, 6, 7].

The management of infected pancreatic necrosis has 
evolved significantly over the past two decades, from 

CT-guided percutaneous catheters [8], fluoroscopy-
guided fragmentation and extraction [9], to endoscopic 
necrosectomy using transgastric or transduodenal 
catheters [10]. In 1996, Gagner et al. described minimally 
invasive surgical approaches including transgastric, 
retrogastric retrocolic and retroperitoneal techniques [11] 
and since then, multiple minimally-invasive techniques 
have been developed that utilize retroperitoneal access 
[12, 13, 14], including the video assisted retroperitoneal 
debridement (VARD) [15]. Today, optimal treatment 
remains debated, but recommended algorithms often 
combine multi-modality interventions [16, 17]. This 
paradigm shift was tested in the prospective randomized, 
controlled PANTER trial by van Santvoort et al. in 2010 
comparing open necrosectomy to the “Step-Up Approach,” 
[18] which found that one-third of patients were spared 
an operation, with equal rates of mortality and lower 
complications. However, controlled trials on multi-modal 
interventions require abundant resources along with 
narrow expertise, and do little to inform implementation 
practices in typical settings for an otherwise rare disease. 

The difficulty in applying evidence-based 
recommendations based on sound clinical trials has been 
well described [19]. It is estimated to take 17 years for 
research evidence to reach clinical practice [20], and an 
even longer gap before effecting health policy [21, 22]. 
Four years after the PANTER trial results were published, 
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endoscopic drainage, or any operative debridement. 
Operative debridement includes open necrosectomy, 
minimally invasive cyst-gastrostomy, and video-assisted 
retroperitoneal debridement (VARD). Treatments that 
excluded an initial drain, and went directly to surgical 
intervention were deemed non-adherent to MSU. The 
time interval between presentation and drainage, in 
between repeat drainages, or time to endoscopic or 
surgical intervention did not influence the classification of 
adherence.

This definition differs from the true Step-Up Approach 
as described in the original 2010 manuscript that 
culminates only in a VARD, rather than any operative 
debridement. The modification was applied in light of the 
very few VARD procedures performed at our institution 
during this time period. Although our modified definition 
includes more aggressive surgical interventions, we 
believe it preserves the decision making process of 
escalating invasive intervention when necessary, and 
embodies the ultimate goal of doing the least harm possible. 
Additionally, since the 2010 publication, several published 
treatment pathways for infected necrotizing pancreatitis 
have similarly incorporated recommendations from the 
PANTER trial along with traditional open surgery when 
necessary [25, 26, 27]. 

Long-Term Outcomes

Long-term complications were defined as new diabetes, 
exocrine insufficiency, hernia, or enterocutaneous fistula 
as assessed in the most recent clinical encounter. Survival 
at 2 years was chosen to minimize bias from varying length 
of follow-up between the two time periods, as 2 years had 
elapsed at the time of this study since the most recent 
admission of patients in 2014.

Ethics

This study was approved by the University of 
Pittsburgh Institutional Review Board (PRO14080151). As 
a retrospective study, informed consent from individual 
patients was waived. The study protocol conforms to 
the ethical guidelines of the “World Medical Association 
Declaration of Helsinki – Ethical Principles for Medical 
Research Involving Human Subjects.”

Statistics

Data elements were checked for variability and normal 
distribution. Normally-distributed data were summarized 
using means and standard deviations (SD). Not normally-
distributed data were summarized using medians and 
interquartile ranges (IQR). Differences between groups 
were tested with Student's t-test when the test assumptions 
were met; otherwise the non-parametric Wilcoxon rank-
sum test (Mann–Whitney U test) was used. Categorical data 
were summarized using frequency and percentages. Chi-
square or Fisher exact tests, as appropriate, were used to 
test related differences between categorical data. The main 
comparison of the study was carried out to test differences 
between Pre-PANTER and Post-PANTER groups. All 

in a survey of 118 international pancreatologists, only 36% 
considered the evidence for performing percutaneous 
catheter drainage as a first intervention as being 
‘strong’, and 33% believed the ideal timing for surgical 
necrosectomy for infected necrotizing pancreatitis was 
as early as possible after diagnosis [2]. Unfortunately, 
the translation gap exists across the medical-surgical 
spectrum; experts found a lag time of 6 to 13 years between 
publication of guidelines and widespread adoption for a 
variety of diseases [23, 24]. 

Despite numerous studies proving effectiveness of the 
Step-Up approach, there have no studies assessing efficacy 
and the realistic implementation of these guidelines in a 
pragmatic setting. Therefore, the goal of this study is to 
evaluate the practical adoption of the Step-Up approach 
in a tertiary care setting. We hypothesized that at an 
academic, high-volume, tertiary care institution, adherence 
to the Step-Up approach would increase dramatically over 
a short time period, resulting in fewer operations and 
improved outcomes.

METHODS
This is a retrospective observational study of a single 

academic tertiary-care institution between 2006 and 2014 
and data were extracted from the electronic and paper 
medical record. Inclusion criteria were all admitted patients 
with proven or suspected infected pancreatic necrosis 
based on: 1) clinical presentation including the course and 
progression of symptoms, physical examination, and/or 
signs of systemic inflammatory response syndrome (SIRS) 
and sepsis characterized by fevers, tachycardia, tachypnea, 
leukocytosis, lactic acidosis, hypotension and organ 
failure, and 2) imaging evidence of a walled-off pancreatic 
collection that is air-filled on computed tomography (CT), 
or positive pancreatic cultures from fine needle aspiration 
(FNA). Exclusion criteria were patients with necrosis 
based on imaging, but no signs of infected necrosis, based 
on the lack of air on CT or negative FNA cultures. 

Definition of Time Periods

The Step-Up Approach was published in the PANTER 
study by van Santvoort et al. for the Dutch Pancreatitis 
Study Group in the New England Journal of Medicine in 
April 2010 [18]. Our study population was divided into 
the era prior to publication between 2006 and 2010 (Pre-
PANTER) and following publication between 2011 and 
2014 (Post-PANTER) based on the date of admission. There 
were no system-level policies enforced across these two 
time periods at our institution. Outcomes during the post-
PANTER period is believed to be influenced by the results 
of the PANTER study and dissemination of evidence.

Definition of the Modified Step-Up Approach

The Modified Step-Up Approach (MSU) is defined by 
the sequence of interventions for infected necrotizing 
pancreatitis. A treatment sequence that began with a 
percutaneous drain was classified as a MSU, including 
patients who received additional subsequent drains, 
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statistical tests were of two-sided nature with a P value 
of <0.05 designated to indicate statistical significance in 
hypotheses testing. STATA software (StataCorp, Collage 
Station, TX, USA) was used in conducting the analysis. 

RESULTS 
Between 2006 and 2014, 130 patients were admitted 

with infected necrotizing pancreatitis at the University of 
Pittsburgh Medical Center; 75 (58%) in the Pre-PANTER 
period and 55 (42%) in the Post-PANTER period. The 
median age was 60 years and 73% were males. No difference 
in patient baseline demographics on admission, including 
co-morbidities as measured by the Charlson Comorbidity 
Index (CCI), were observed between the two time periods 
(Table 1). Additional features of hospital presentation 
between the two time periods are also shown in Table 1. 
Patients in the post-PANTER period were less likely to 
present with their first episode of pancreatitis (43% vs. 
72%, p=0.001). Comparable proportions presented with 
evidence of SIRS 

Adherence to MSU was 27% (n=20) in the early period 
vs. 46% (n=25) in the late period (p<0.05), with rates 

of interventions performed listed in Table 2. Using the 
true definition of the Step-Up algorithm as described by 
van Santvoort et al. [18] using VARDs, an improvement 
in adherence rates persisted (4% early vs. 27% late, 
p<0.0001). Rates of percutaneous drainage increased 
(43% to 65%, p=0.012) while rates of endoscopic drainage 
decreased (25% to 9%, p=0.022). The total median number 
of interventions per patient increased (2 to 3, p=0.0005). 

At the time of surgical intervention, patients in the 
later period had poorer physical status as measured by 
the American Society of Anesthesiologists physical status 
classification system (ASA); 92% (n=47) of patients had an 
ASA status 3-5 in the later period vs. 39% (n=29) in the 
early period (p<0.0001). Overall rates of surgery remained 
unchanged between the two time periods (79% early and 
73% late, p=0.432), though the rate of open necrosectomy 
decreased from 93% (N=55) to 85% (N=33) and VARD 
increased from 0 to 8% (N=3). The median time elapsed 
between hospital presentation and first intervention 
(drainage or surgery) decreased from 14 t0 9 days 
(p=0.024). Rates of nasoenteric feeding was unchanged 
between the time periods, however, the proportion 

Demographics
All patients (N=130) 2006-2010 (N=75) 2011-2014 (N=55) p-value

Age (Median, years) 60 57 60 0.141
Sex, female (%) 35 (27) 22 (29) 13 (24) 0.469
Race, Caucasian (%) 109 (92) 69 (95) 40 (89) 0.299
BMI (mean) 30.6 ± 6.6 31.1 ± 6.6 30.1 ± 6.6 0.457
Age-adjusted CCI (mean) 2.32 ± 1.9 2.13 ± 1.8 2.58 ± 2.1 0.193
Hospital Presentation
First attack (%) 77 (60) 54 (72) 23 (43) 0.001*
History of chronic pancreatitis (%) 12 (9) 6 (8) 6 (11) 0.556
Days of treatment prior to transfer/presentation, 
median (IQR) 2 (0 - 8) 2 (0 - 9) 1 (0 - 6.5) 0.660

SIRS on admission (%) 66 (70) 41 (80) 36 (66) 0.260

Table 1. Patient Demographics and Presentation during Pre-PANTER (2006-2010) and Post-PANTER (2011-2014) Periods.

BMI body mass index; CCI Charlson co-morbidity index; ASA= American Society of Anesthesiologists physical status; SIRS systemic inflammatory response 
syndrome; * Denotes statistical significance p<0.05

All patients (N=130) 2006-2010 (N=75) 2011-2014 (N=55) p-value
Adherence to Modified Step-Up   
       Approach (%) 45 (35) 20 (27) 25 (46) 0.026*

Adherence to True Step-Up   
       Approach (%) 18 (14) 3 (4) 15 (27) <0.0001*

Antibiotic duration, median days (IQR) 18 (14-29) 15 (14-23) 24 (14-45) 0.008*
NGJ or GJ feeding 110 (85) 64 (87) 46 (84) 0.651
Parenteral nutrition (%) 47 (36) 35 (47) 12 (22) 0.004*
Total number of interventions, median (range) 2 (0-11) 2 (0-9) 3 (1-11) 0.0005*
     Drainage, Percutaneous (%) 66 (52) 32 (43) 34 (65) 0.012*
     Drainage, Endoscopic (%) 24 (19) 19 (25) 5 (9) 0.022*
ASA 3-5 vs. 1-2 (%) 67 (60) 29 (39) 47 (92) <0.0001*
Surgery (%)
        Open necrosectomy
        VARD
        Other

99 (76)
89 (90)
3 (3)
7 (7)

59 (79)
55 (93)
0 (0)
4 (7)

40 (73)
34 (85)
3 (8)
3 (8)

0.432

Time to first intervention^, median days (95% CI) 12 (7-14) 14 (7-22) 9 (6-13) 0.024*
Pancreatic surgeon provider (%) 88 (70) 52 (73) 36 (66) 0.345

Table 2. Interventions during Pre-PANTER (2006-2010) and Post-PANTER (2011-2014) Periods.

NGJ nasogastrojejunal; GJ  gastrojejunal; TPN total parenteral nutrition; VARD video-assisted retroperitoneal debridement; ^ Includes days of treatment at 
outside facility prior to transfer; * Denotes statistical significance p<0.05
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of patients receiving total parental nutrition (TPN) 
decreased significantly (47% to 22%, p=0.004). During 
the early period, 73% (n=52) of patients were cared for 
by a specialized hepatopancreatobiliary (HPB) surgeon, 
which was not statistically different from the 66% (n=36) 
of patients during the late period (p=0.345). 

Median follow-up was 26.1 months (95% CI 22.7-30.9) 
with longer follow-up available for early period patients 
(32.2 vs. 22.9 months, p=0.001). In-hospital complications 
along with short and long-term outcomes following 
admission are displayed in Table 3. Overall, the rate of any 
organ failure across the two time periods was 89%, with 
no difference between the two time periods. However, 
there was a decreased rate of pulmonary failure in the late 
period. Median total length of hospital stay was 26 days, 
with no difference between the time periods. There were 
no differences in in-hospital mortality, all-cause mortality, 
long-term complications, or survival at 2 years. However, 
patients in the late period had fewer pancreatitis-related 
readmissions (47% late vs. 71% early, p=0.007), and were 
less likely to have multiple readmissions (31% late vs. 51% 
early, p=0.024). There were no differences in rates of long-
term complications between the two study periods (84% 
late vs. 85% early, p=0.927) which included new diabetes 
(24%), exocrine insufficiency (27%), hernia (10%), and 
enterocutaneous fistula (17%). In a sub-analysis of all 
patients across the two time periods who received MSU vs. 
surgery first (data not shown), there were no differences in 
patient demographics, or presenting clinical characteristics 
to suggest that observed confounders influenced provider 
decision-making other than Step-Up recommendations. 

Discussion
In this study, adherence rates to the MSU approach 

improved from 27% to 46% between the pre-PANTER 
and post-PANTER eras, representing an 81% increase 
based solely on clinical practice shifts, in the absence of 
instituted protocols. Despite slow and partial adherence, 

positive early results have been demonstrated with 
a reduction in pancreatitis-related readmissions and 
multiple admissions. This is evidence that timely adoption 
of clinical guidelines is feasible within a short period and 
can result in improved clinical outcomes.  However, a 
wide translation gap persists, with a compliance rate at a 
resource-intensive, tertiary care academic center of less 
than 50 percent.

The early positive outcomes in this study support 
the adoption of the Step-Up Approach; however, while 
there was an improvement in adherence rates across 
time, it is significantly lower than the 87% of surveyed 
international pancreatologists who report using the 
Step-Up Approach [2]. Our low rate of VARD procedures 
(8%) likely reflects multiple components including the 
varying comfort levels of our institutional surgeons with 
the technique and familiarity with recently published 
evidence-based recommendations. Understandably, lack 
of trained interventional radiologists, gastroenterologists 
and minimally-invasive surgeons limits implementing 
interventional-based recommendations. In van Grinsven’s 
international survey, 98% reported availability of services 
to perform an open surgical necrosectomy, vs. 80% for 
minimally-invasive percutaneous necrosectomy, and 
only 71% for endoscopic transluminal necrosectomy [2]. 
After five years, our large academic tertiary center was 
still <50% compliant with MSU, leaving much room for 
improvement and serves as calling for more providers to 
change their practice patterns and institutions to monitor 
internal compliance levels.

In our study, no differences were seen in major 
complications akin to the PANTER trial. This may be due to 
the majority of necrosectomies being performed open by 
surgeons at our institution. The advantages of minimally-
invasive techniques, which often obviate the need for 
open necrosectomy and lead to improved outcomes, have 
been well-described, and endorsed by an international 

Table 3. Outcomes during Pre-PANTER (2006-2010) and Post-PANTER (2011-2014) Periods.
All patients (N=130) 2006-2010 (N=75) 2011-2014 (N=55) p-value

ICU admission 105 (85) 57 (83) 48 (87) 0.617
   ICU length of stay, median days    
   (range) 13 (3-27) 15 (7-27) 12.5 (2-28.5) 0.246

Hospital length of stay, median days (range) 26 (15.5-46) 25 (15-42) 27 (16-60) 0.522
Any organ failure (%) 89 (89) 52 (70) 37 (67) 0.716
   Acute renal failure (%) 50 (39) 28 (38) 22 (44) 0.850
   Cardiovascular collapse (%) 43 (33) 21 (29) 22 (40) 0.201
   Pulmonary failure (%) 67 (52) 45 (62) 22 (40) 0.015*
Multi-system organ failure (%) 51 (40) 29 (40) 22 (40) 0.975
Discharge home 53 (46) 37 (54) 16 (34) 0.002*
Follow-up, median months (range) 26.5 (23-36) 32 (23-36) 23 (14-26) 0.001*
Pancreatitis-related readmission (%) 79 (61) 53 (71) 26 (47) 0.007*
>1 Readmission (%) 55 (42) 38 (51) 17 (31) 0.024*
Any long-term complication^ (%) 98 (84.5) 61 (84.7) 37 (84.1) 0.927
In-hospital mortality (%) 13 (10) 5 (6.7) 8 (14.6) 0.139
All-cause mortality (%) 24 (19) 11 (15) 13 (24) 0.253
Survival at 2 years (range) 83% (75-88) 87% (80-93) 76% (62-86) 0.375
ICU intensive care unit; ^ Long-term complications including: new diabetes, exocrine insufficiency, hernia, enterocutaneous fistula; * Denotes statistical 
significance p<0.05
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multidisciplinary consensus conference [5, 6]. Specifically, 
our results echo the impressive findings of Sugiomoto 
et al. who compared results from the PANTER trial 
and their institutional cohort using early and proactive 
percutaneous drainage [28]. We report an increase in 
our percutaneous drainage rates and we believe that use 
of these drains to provide VARDS access may have led to 
decreased rates of endoscopic drainage. Additionally, the 
late period experienced decreased readmission rates, 
which may reflect a combination of improved adherence, 
as well as improved intensive care services, and increased 
experience with peri-procedural care. We believe that 
lower rates of open necrosectomy and the complications 
traditionally associated with the morbid operation likely 
contributed to this observation. 

The barriers to applying research evidence in clinical 
practice are multifold [24]. Firstly, the vast amount of 
published studies on a given surgical topic is burdensome 
and all compete for attention in the medical literature 
[29]. Secondly, ineffective reviews or continuing education 
programs may fail to update clinicians on new evidence-
based practices. Antman et al. found that reviews failed 
to mention important advances, and treatments shown 
to be potentially harmful continue to be recommended by 
clinical experts for myocardial infarctions [23]. Thirdly, 
there is likely an unwillingness of providers to change 
current practices. Resistance of interventionalists to 
change practices that involve learning a new procedure 
also requires available proctorship, a substantial time 
commitment and inherent learning curve. 

This study has multiple limitations, most notably 
this represents a retrospective study and given the 
rare presentation of infected necrosis, the sample size 
is small which limits the power to detect statistically 
significant differences between the time periods. As a 
single institution study, complications or readmissions 
occurring outside our hospital system were not captured, 
though likely infrequent given our wide catchment area of 
31 hospitals and regional referral patterns. Additionally, 
improved results in the later period may be reflective 
of general improvement in medical management of 
pancreatitis, as reflected in the decrease of patients 
presenting with infected pancreatic necrosis during their 
first attack, and not attributable solely to improved Step 
Up adherence. Finally, the results reflect the experience 
of a single academic center with capabilities for advanced 
image-guided and endoscopic drainage procedures and 
minimally-invasive surgery and is therefore unlikely to 
represent the practice patterns of most non-tertiary care 
institutions. 

CONCLUSION
In conclusion, timely adoption of evidence-based 

clinical guidelines can maximize the number of patients 
who receive optimal treatment and produce early 
improved clinical outcomes, as evidenced through this 
pragmatic assessment of translation of the Step-Up 
approach into practice. Institution-specific barriers to 

implementation of the Step-Up approach for infected 
pancreatic necrosis should be identified to improve 
adherence rates. Institutions should develop internal 
consensus-derived clinical pathways based on evidence-
based guidelines and available local expertise for training, 
and monitor compliance as a measure of quality with 
continuous scrutiny of outcomes. Standardized multi-
disciplinary algorithms developed by specialized surgeons, 
gastroenterologists, radiologists, and intensivists may 
be beneficial for streamlining team-based approaches. 
By identifying and addressing barriers and facilitators of 
applying evidence-based recommendations, institutions 
can increase the speed of uptake and improve outcomes 
for challenging and morbid conditions.
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