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Background/objectives: Operative pancreatic debridement (OPD) is the historic gold standard for treating
necrotizing pancreatitis (NP). Recent success with minimally invasive NP treatment approaches have
raised the question of which NP patients require OPD. We therefore sought to define contemporary
outcomes of NP patients undergoing OPD.

Methods: A retrospective analysis was performed of 116 consecutive NP patients undergoing OPD using a
prospectively maintained institutional NP database between 2006 and 2018.

Results: 86 (74%) patients underwent open pancreatic debridement (OD) and 30 (26%) underwent open
transgastric debridement (TGD). Median follow-up was 16 months (interquartile range [IQR], 8—45
months). Median age was 51 years (IQR, 43—65 years); 73 (63%) were male. Pancreatitis etiology included
biliary (53%), alcohol (22%), and idiopathic/other (25%). Median time from diagnosis to OPD was 64.5
days (IQR, 32—114.5 days). Mean APACHE-II score was: admission 8.5 (standard deviation [SD], 5.9);
worst 12.6 (SD, 7.9); preoperatively 7.2 (SD, 4.6). 40 patients (34%) were initially managed with mini-
mally invasive techniques (percutaneous drain only in 24, endoscopic only in 6, combination in 10).
Median postoperative length of stay was 11 days (IQR, 7—19 days). 90-day morbidity and mortality were
70% and 2%, respectively.

Conclusions: NP patients who require OPD are critically and chronically ill. OPD is associated with
substantial morbidity, but acceptable mortality in an experienced center with multidisciplinary support.
This large contemporary series demonstrates that in properly selected patients, OPD remains an
important treatment for NP.

© 2020 IAP and EPC. Published by Elsevier B.V. All rights reserved.
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Introduction

Acute pancreatitis (AP) is most often a relatively mild and self-
limited disease that resolves with supportive management and
causes minimal long-term sequelae [1]. However, necrotizing
pancreatitis (NP) with variable amounts of parenchymal and/or
peripancreatic necrosis develops in 10—20% of all patients with
acute pancreatitis [2—4]. Patients with NP are plagued by prolonged
illness associated with organ failure, malnutrition, infection, and
hospital readmission [1,4,5]. Mortality in all patients with NP can
reach 15%, and as high as 30% in those with infected pancreatic
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necrosis [4,6]. Patients with NP typically require intensive care and
often multiple procedures before complete resolution of this dis-
ease process. Operative pancreatic debridement (OPD) is the his-
torical gold standard treatment for NP patients requiring
intervention. Initially, this procedure carried significant morbidity
and mortality rates as high as 25—60% with early laparotomy and
closed drainage[7—11]. Improved operative technique and surgeon
experience significantly improved perioperative mortality rates in
the modern era of treatment [12,13]. The publication of consensus
guidelines for operative intervention and the regionalization of NP
care at tertiary referral centers further improved operative mor-
tality rates after OPD [12,14—16].

Over the past decade, endoscopic and percutaneous minimally
invasive approaches have been applied to the treatment of NP pa-
tients. These minimally invasive necrosis interventions include
percutaneous drainage, endoscopic drainage or debridement,
video-assisted retroperitoneal debridement (VARD), and sinus tract
necrosectomy (STN) [17—24]. Many patients require a combination
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of these techniques to achieve complete debridement. The modern
algorithmic approach to the management of NP begins with sup-
portive medical care and progresses as indicated to minimally
invasive therapy [15]. As a result, in current treatment algorithms
OPD is often reserved for the most severely ill NP patient refractory
to less invasive means of treatment.

Within the context of the last decade’s significant changes in
management strategy, it is important to understand contemporary
benchmark patient outcomes. As such, we queried the experience
of our high-volume pancreatic referral center to evaluate outcomes
of patients undergoing OPD as definitive therapy in the modern
treatment algorithm. This cohort represents a subgroup of NP pa-
tients often refractory to minimally invasive treatment and typi-
cally the most chronically ill and challenging population. We
therefore hypothesized that morbidity and mortality with opera-
tive pancreatic debridement may actually be higher in this group
compared to historical trends.

Methods
Patient population and study definitions

The Indiana University NP database is a prospectively collected
database including all NP patients admitted to Indiana University
Health University Hospital (IU-UH), regardless of management
strategy. All data are compiled and recorded in strict compliance
with the protocols and guidelines set forth by the Indiana Uni-
versity’s Institutional Review Board, which approved the conduct of
this study. Informed consent is obtained in all patients prior to
inclusion in the NP database. All consecutive NP patients under-
going operative pancreatic debridement (OPD) by a single surgeon
(NJZ) with a practice focus on pancreatic surgery and extensive
experience in pancreatitis management were included in this
study. Operative pancreatic debridement included both traditional
open pancreatic debridement (OD) and transgastric debridement
(TGD) [21].

Acute pancreatitis, severe acute pancreatitis, and NP were
defined according to the revised Atlanta classification published in
2012 [1]. Organ failure was defined according to the modified
Marshall scoring system for organ dysfunction [1]. Necrotizing
pancreatitis was defined as parenchymal and/or peripancreatic
necrosis represented as lack of pancreatic parenchymal enhance-
ment and/or findings of acute necrotic collection (ANC) or walled
off necrosis (WON) on contrast-enhanced imaging [1]. Dedicated
faculty pancreatic radiologists confirmed imaging features of
necrosis.

Baseline patient characteristics were evaluated and recorded
preoperatively. Each patient’s individual clinical course was eval-
uated pre-, peri-, and postoperatively. Clinical information included
age, sex, comorbidities, etiology of pancreatitis, Charlson comor-
bidity index, organ failure, intensive care admission, infectious
complications, acute physiology and chronic health evaluation II
(APACHE II) score, necrosis intervention, readmission, overall
morbidity, and mortality. Extrapancreatic infectious complications
included pneumonia, bacteremia, urinary tract infection, C. difficile
colitis, and fungemia. Morbidity was recorded as any postoperative
complication.

Operative pancreatic debridement was divided into one of three
operative scenarios, as follows:

1. Elective: Patients with persistent pancreatic necrosis but
without frequent hospitalization or prolonged hospital stays.
Debridement was scheduled electively, and patients were
admitted from home for OPD. Patients did not meet criteria of
semi-elective or urgent/emergent OPD.

2. Semi-elective: Patients with symptomatic or infected pancreatic
necrosis who required frequent hospitalization and/or prolonged
hospital stays with short intervals between hospital admissions.
In addition to symptomatic or infected necrosis, patients were
commonly readmitted with extrapancreatic infection or failure to
thrive. Patients were typically inpatient at the time of OPD. Pat-
ents did not meet criteria of urgent/emergent OPD.

3. Urgent/emergent OPD: Patients with symptomatic or infected
pancreatic necrosis who required frequent hospitalization and/
or prolonged hospital stays often complicated by organ failure,
extrapancreatic infection, failure to thrive, malnutrition, and
physical deconditioning. All patients were inpatient at the time
of OPD and experienced clinical deterioration prompting OPD.

Approach to necrosis intervention

Our current treatment approach to NP mirrors the consensus
guidelines set forth by the International Association of Pan-
creatology and the American Pancreatic Association [15]. This
approach, as at nearly every major center treating pancreatitis
patients, has evolved significantly over the past decade [25]. At the
beginning of the study (2006), OPD was commonly first-line
treatment for infected pancreatic necrosis. In 2006, percutaneous
drainage (PD) was introduced to the treatment algorithm as a
bridge to OPD. During the following three years, PD was applied
selectively. Beginning in 2009, PD was more widely utilized as the
first step in treatment of infected NP. This same year (2009),
endoscopic debridement was introduced and applied selectively
both as the first step in treatment as well as an adjunct to PD. Pa-
tients refractory to these minimally invasive debridement tech-
niques were considered for OPD. Beginning in 2014, endoscopic
debridement was applied more widely as a first intervention or as
an adjunct to PD. With more widespread application of and expe-
rience with PD and endoscopic debridement, many fewer patients
required OPD in the latter years of the study. Throughout the entire
study period, patients with biliary pancreatitis requiring necrosis
intervention are considered for an upfront surgical approach (often
transgastric, as anatomy permits) to allow for cholecystectomy at
the time of mechanical necrosis debridement. Patients with sudden
clinical deterioration after relative clinical stability are considered
for operative exploration to diagnose and treat other local com-
plications, such as colonic or gallbladder ischemia or fulminant
C. difficile colitis.

Statistical analysis

Categorical data are presented as number with percentage and
continuous data are presented as mean values with standard de-
viation (SD) or as median values with interquartile range (IQR).
Univariate analysis was performed using the chi-squared test, in-
dependent samples t-test, and analysis of variance (ANOVA).
Multivariable regression analysis was performed using binary lo-
gistic regression and used variables with P < 0.10 on univariate
analysis. Data were recorded using Microsoft® Excel® 2018
(Microsoft, Inc., Redmond, WA, USA) and analyzed with IBM® SPSS
statistics 25.0 (IBM Corporation, Armonk, NY, USA). Statistical sig-
nificance was defined as P < 0.05.

Results
Population characteristics

Between 2006 and 2018 a total of 681 NP patients were treated
and 435 patients underwent OPD by nine surgeons. The breakdown
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Table 1
Necrotizing pancreatitis patients between 2006 and 2018 (N = 681) and intervention by year.
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

NP Patients/Year, n 37 51 53 61 58 51 61 58 48 50 45 48
Any Intervention, n (%) 35(95) 43(84) 49(92) 51(84) 54(93) 55(92) 44(86) 55(90) 43(74) 33(69) 32(64) 27(60) 27(56)
Any OPD, n (%) 30(81) 39(76) 39(74) 44(72) 41(71) 46(77) 40(78) 49(80) 36(62) 22(46) 17(34) 18(40) 14(29)
Step-up, n (%) 6(17) 8 (19) 15(31) 18(35) 9(17) 15(27) 14(32) 27(49) 24(56) 22(67) 25(78) 18(67) 16(59)
Step-up to OPD, n (%) 3(8) 4(8) 8 (15) 12(20) 5(9) 9(15) 10(20) 12(20) 13(22) 4(8) 7 (14) 7 (16) 4(8)
No Intervention, n (%) 2(5) 8 (16) 4(8) 10(16) 4(7) 5(8) 7 (14) 6(10) 15(26) 15(31) 18(36) 18(40) 21 (44)

Abbreviations: NP — necrotizing pancreatitis; OPD — operative pancreatic debridement.

of NP patients and treatment strategy by year is shown in Table 1.
During this time, a single surgeon (NJZ) performed 116 OPD, Fig. 1.
Of these 116 patients analyzed, 86 (74%) underwent OD and 30
(26%) underwent TGD. Complete patient demographics are shown
in Table 2. The median age was 51 years and the majority of patients
were male. The most common etiology of pancreatitis was biliary
(53%) or alcohol (22%).

Preoperative characteristics

Complete preoperative characteristics are included in Table 2. In
summary, surgical ICU admission was required preoperatively in
47% of patients. Prior to OPD, organ failure occurred in 44% of pa-
tients; multiple system organ failure was present in 22% of patients.
At least one extrapancreatic infectious complication developed
preoperatively in 37% of patients. The mean APACHE II score was
calculated at admission (8.5; SD, 5.9), at worst (12.6; SD, 7.9), and
immediately preoperatively (7.2; SD, 4.6), Fig. 2. Overall, 34% of
patients underwent a minimally invasive necrosis intervention
preoperatively, Table 3. Infected necrosis was suspected preopera-
tively in 75 (67%) patients based on cross-sectional imaging or
culture data from minimally invasive necrosis intervention and
later confirmed by intraoperative cultures.

Operative details

The median time from NP onset to OPD was 64.5 days (IQR,
32—114.5 days). A concomitant procedure was performed in 89

(77%) patients. The most common additional procedures included
gastrojejunostomy feeding tube placement in 62 (53%) patients and
cholecystectomy in 47 (41%) patients. Other additional procedures
included distal pancreatectomy (13 patients, 11%), colectomy (10
patients, 9%), small bowel resection (5 patients, 4%), common bile
duct exploration (4 patients, 3%), splenectomy (3 patients, 3%),
hepaticojejunostomy (2 patients, 2%), and oophorectomy (1 pa-
tient, 1%).

Postoperative outcomes

Complete postoperative outcomes are shown in Table 4. Post-
operative admission to the surgical ICU was required in 56% of
patients for a median of 5 days (IQR, 2—14 days). Postoperative
organ failure was present in 40% of patients; multiple organ system
failure was present in 17% of patients. Extrapancreatic infection
developed postoperatively in 22% of patients. Six (5%) patients
developed enterocutaneous fistulae postoperatively; three were
managed with drains placed at the time of initial OPD and three
were treated by repeat surgical intervention. The median post-
operative length of stay was 11 days (IQR, 7—19 days). Repeat ne-
crosis intervention was required in 35% of patients. Overall
morbidity and mortality of OPD was 70% and 2%, respectively. The
median postoperative follow-up period was 16 months (IQR, 8—45
months).

Patients undergoing a preoperative minimally invasive necrosis
intervention (n = 40) were compared to patients undergoing OPD
as their first necrosis intervention (n = 76). On univariate analysis,

Single Surgeon Operative Pancreatic Debridement by Year

Number of Patients
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Abbreviations: OD — open pancreatic debridement; TGD — transgastric debridement

Fig. 1. Number and type of operative pancreatic debridement for necrotizing pancreatitis patients included in the analysis (n = 116) by year

Abbreviations: OD — open pancreatic debridement; TGD — transgastric debridement.



TK. Maatman et al. / Pancreatology 20 (2020) 968—975 971

45

40

35

30

APACHE 11
) )
S G

16

15

Admission

Worst Pre-operative

Abbreviations: APACHE II — acute physiology, age, and chronic health evaluation II

Fig. 2. APACHE II score at admission, worst, and immediately preoperatively
Abbreviations: APACHE II — acute physiology, age, and chronic health evaluation II.

compared to patients undergoing OPD upfront, patients undergo-
ing a minimally invasive necrosis intervention had significantly
increased rates of postoperative ICU admission, organ failure,
infection, and overall morbidity (Table 5). However, using multi-
variable analysis to control for baseline differences in preoperative
ICU admission, organ failure, infectious complications, and APACHE
scores, preoperative minimally invasive necrosis intervention did
not significantly impact these outcomes. Mortality was similar
among groups on both univariate and multivariable analysis.
Patients were categorized according to one of three NP clinical

courses. Operative pancreatic debridement was performed
Table 2
Patient demographics and preoperative characteristics.
Patient Characteristics (N = 116) Number (%)
Demographics
Age? 51 years (43—65)
Male Sex 73 (63)
Etiology
Biliary 60 (53)
Alcohol 25(22)
Post-ERCP 7 (6)
Triglyceride 5(4)
Idiopathic/Other 19 (16)
Charlson Comorbidity Index” 1.7 (1.8)
Preoperative
ICU Admission 54 (47)
Organ Failure 51 (44)
Respiratory 37 (32)
Renal 36 (31)
Cardiovascular 11 (9)
Multiple Organ Failure 25(22)
Infected Necrosis 75 (65)
Extrapancreatic Infection 43 (37)
Pneumonia 20(17)
Bacteremia 18 (16)
Urinary Tract Infection 14 (12)
C. difficile Colitis 6 (5)
Fungemia 4 (3)

Abbreviations: ERCP — endoscopic retrograde cholangiopancreatography; SEM —
standard error of the mean; ICU — intensive care unit.

@ Continuous variable reported as median value with interquartile range.

b Continuous variable reported as mean value with standard deviation.

electively in 25 (22%) patients, semi-electively in 58 (50%) patients
with a smoldering clinical course, and urgently/emergently in 33
(28%) patients with clinical deterioration. Transgastric debridement
was performed in 13 of 25 (52%) patients undergoing elective OPD,
in 15 of 58 (26%) patients undergoing semi-elective OPD, and in 2 of
33 (6%) patients undergoing urgent/emergent OPD. We evaluated
time of worst APACHE score both from the time of NP onset as well
as relative to time of debridement, Table 6. Not surprisingly, the
worst APACHE was seen sooner in the overall NP course in those
patients requiring urgent/emergent debridement. Similarly, the
duration from worst APACHE to OPD was longer in patients un-
dergoing elective debridement compared to those with either
semi-elective or urgent/emergent debridement. No statistical
analysis was conducted among these groups due to small sample
size and distribution of values. The preoperative clinical course of
each subgroup is shown in Fig. 3A. The indication for elective OPD
was persistent symptomatic necrosis in 21 of 25 (84%) patients and
infected necrosis refractory to minimally invasive approaches in the
remaining four (16%) patients. Of note, four of 21 patients under-
going elective OPD for symptomatic necrosis were found to have
occult necrosis infection based on intraoperative culture. As oper-
ative urgency increased from elective to semi-elective to urgent/
emergent, a statistically significant increase in postoperative ICU
admission, organ failure, multiple organ failure, extrapancreatic
infection, repeat necrosis intervention, and morbidity were
observed (Fig. 3B). Of the 33 patients requiring urgent/emergent
OPD, a “damage control” staged debridement was performed in 13
(40%) patients. Mortality was highest among those patients
requiring urgent/emergent OPD (6%) when compared to elective
(0%) and semi-elective (0%); however, this difference did not reach
statistical significance (P = 0.08).

Table 3

Minimally invasive intervention preoperatively.
Preoperative Intervention (N = 116) Number (%)
Any 40 (34)
Percutaneous drain only 24 (21)
Endoscopic only 6(5)
Combination 10 (9)
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Table 4
Postoperative outcomes.

Postoperatively (N = 116) Number (%)

ICU Admission 65 (56)
Organ Failure 46 (40)
Respiratory 41 (35)
Renal 14 (12)
Cardiovascular 16 (14)
Multiple Organ Failure 20(17)
Extrapancreatic Infection 25 (22)
Pneumonia 15(13)
Bacteremia 11(9)
Urinary Tract Infection 6(5)
C. difficile Colitis 6(5)
Fungemia 1(1)
Repeat Necrosis Intervention 41 (35)
Operative 23" (20)
Percutaneous Drain 21(18)
Endoscopic 12 (10)
Length of Stay* 11 days (7-19)
Readmission 39 (34)
Morbidity 81 (70)
Mortality 2(2)

Abbreviations: ICU — intensive care unit.
2 14 required a combination.
b 14/23 planned, staged debridement.
¢ Continuous variable reported as median value with interquartile range.

Discussion

This large contemporary series of NP patients undergoing OPD
shows continued improvement in postoperative morbidity and a
gratifyingly low mortality rate. Patients who required OPD were
often critically ill and/or refractory to less invasive measures and
represent the most challenging NP cases. Postoperatively these
patients continue to be a challenge as their clinical course is further
characterized by ongoing organ failure (40%), infection (22%), the
need for repeat intervention (35%), and high rates of hospital
readmission (34%). The overall morbidity after OPD was 70% and
was directly associated with the acuity of the procedure. Morbidity
was lowest in patients undergoing elective debridement (48%) and
highest in patients undergoing urgent/emergent debridement
(88%). Despite these challenges, mortality among all patients

undergoing OPD was 2%, comparing favorable to modern series
with mortality ranging from 4 to 18% [12,13,17,26,27].

Historically, OPD was applied widely in all NP patients and
performed early in the disease course resulting in morbidity and
mortality rates ranging from 60 to 90% and 25%—60%, respectively
[7—11]. Postoperative complications in these patients were serious
and included organ failure, hemorrhage, infection, enterocutaneous
fistula, and pancreaticocutaneous fistula. Advances in critical care,
improved technique of operative debridement, and a better un-
derstanding of the disease timeline significantly improved out-
comes [12,13,16]. Over the last decade, minimally invasive
techniques as a bridge to definitive therapy have been increasingly
utilized, allowing for a period of recovery prior to definitive oper-
ative debridement [17,18,22,24]. These studies found that some NP
patients undergoing minimally invasive necrosis intervention will
recover without operative debridement. In the modern treatment
algorithm, OPD commonly represents the final step of intervention
in NP and the focus of this specific report was to evaluate outcomes
after OPD; we have evaluated more specifically the efficacy of PD
and predictors of success in a discrete report [23]. In the current
series, OPD was performed safely in this setting as patients re-
fractory to a minimally invasive necrosis intervention underwent
OPD with acceptable morbidity (83%) and low mortality (5%).

Necrotizing pancreatitis represents an extremely heterogenous
disease that mandates a treatment strategy individualized to the
patient. This concept is particularly important given recent interest
in minimally invasive necrosis intervention [4,15,23,25,28,29].
Studies evaluating minimally invasive techniques commonly enroll
highly select NP patient populations. For example, in the landmark
Dutch Pancreatitis Study Group “step-up approach” protocol 88 of
378 screened patients met enrollment criteria [17]. This point
should not be taken as a criticism of these studies and in fact
highlights the role for specific minimally invasive techniques in
select NP patients. For example, necrosis tracking down the left or
right paracolic gutter may be readily addressed with percutaneous
drainage [22,30]. NP patients with necrosis isolated to the lesser sac
can be approached with an endoscopic or surgical transgastric
technique [20,21,24,31,32]. In patients undergoing endoscopic
transgastric debridement with additional necrosis in either para-
colic gutter, the transgastric technique may be combined

Table 5
Comparison of outcomes in patients without and with preoperative minimally invasive necrosis intervention.
Upfront Operative Debridement (n = 76) Preoperative Minimally Invasive (n = 40) P P
Number (%) Number (%) Uni MVA
Clinical Course
Worst APACHE” 11.4(7.5) 14.7 (8.3) 0.04
ICU Admission 28 (37) 26 (65) 0.004
Organ Failure 30 (39) 21 (53) 0.2
Respiratory 20 (26) 17 (43) 0.08
Renal 24 (32) 12 (30) 0.9
Cardiovascular 6(8) 5(13) 04
Extrapancreatic Infection 22 (29) 21 (53) 29
Days to Debridement® 52 days (27—106) 98.5 days (51.5—130) 0.007
Postoperative
ICU Admission 36 (47) 29 (73) 0.01 04
Organ Failure 23 (30) 23 (58) 0.004 04
Respiratory 20 (26) 21 (53) 0.005 0.6
Renal 9(12) 5(13) 0.9 -
Cardiovascular 4 (5) 12 (30) 0.0002 0.2
Infection 12 (16) 13 (33) 0.04 0.8
Morbidity 48 (63) 33(83) 0.03 0.9
Mortality 0(0) 2(5) 0.1 0.7

Abbreviations: Uni — univariate analysis; MVA — multivariable analysis; ICU — intensive care unit; APACHE — acute physiology and chronic health evaluation; ICU — intensive

care unit.
2 Continuous variable reported as median value with interquartile range.
b Continuous variable reported as mean value with standard deviation.
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Table 6

973

Timing of worst APACHE relative to necrotizing pancreatitis onset and operative pancreatic debridement among each acuity of debridement.

Elective (n = 25) median (IQR)

Semi-Elective (n = 58) median (IQR)

Urgent/Emergent (n = 33) median (IQR)

Timing of Worst APACHE
Days, NP Onset to Worst APACHE 41 (3—109) 25.5 (5—62) 15.5(7-32)
Days, Worst APACHE to OPD 27.5 (1-84) 10 (1-42) 6 (1-23)

percutaneous drainage [19,33,34]. These studies share an impor-
tant common theme: excellent success can be achieved by each of
these techniques in experienced hands with proper patient
selection.

Several questions remain unanswered with the modern treat-
ment algorithm. Who will benefit from a surgery first approach?
When is the appropriate time to “step-up” therapy and what

treatment should be performed next? When is it time to abandon
minimally invasive attempts and “step-up” to open surgery? In the
current series, elective OPD was performed in 22% of patients with
relatively low morbidity (48%) and no mortality. The majority of
these patients had biliary etiology of pancreatitis and underwent
transgastric debridement, allowing for a one-step operation
addressing both the gallbladder and pancreatic necrosis. The safety

3A Clinical Course before Operative Pancreatic Debridement OElective
O Semi-Elective
E Urgent/Emergent
P=0.7 P=02 P=0.1 P=0.02 P=10.0003 P=10.0003 P <0.0001 P <0.0001
1 1 ] ] I T N |
30.0
P=04 -
100% 94%
P = 0.8
90% 2l
82%
80% 74%)
19.2 20.0
70%
60% 56%
o D% 52% 52% . 52% T 15.0
50% 45% il 11.2
5 10.4 g
402 20% 33% 33% 8l8 . 10.0
30% 26% 28% 26% 6! s
20% 16% 42 5.0
10% 6%
0% - 0.0
Biliary Etiology =~ Organ Failure  Extrapancreatic Minimally ~ Open Pancreatic ~ Transgastric Worst APACHE Preoperative
Infection Invasive Debridement Debridement APACHE
Intervention
3B Outcomes after Operative Pancreatic Debridement OElective
O Semi-Elective
B Urgent/Emergent
P <0.0001 P <0.0001 P<0.0001 P <0.0001 P <0.0001 P=10.005
| | | | | |
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Failure
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Morbidity
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Abbreviations: APACHE — acute physiology and chronic health evaluation

Fig. 3. Clinical course before operative pancreatic debridement (3A) and outcomes after operative pancreatic debridement (3B) among category of operative acuity.

Abbreviations: APACHE — acute physiology and chronic health evaluation.
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and efficacy of this procedure has been previously described in a
multi-institutional experience [31]. In the current study, patients
undergoing a minimally invasive procedure prior to OPD were
more acutely ill and when “stepped-up” to OPD experienced
significantly greater postoperative morbidity; however, mortality
remained low (5%). In this complex patient population, multidis-
ciplinary discussion is critical to discuss the timing to “step-up,”
balancing the morbidity of operating, chance of success or failure of
additional minimally invasive intervention, and dynamics of the
individual patient’s physiologic condition. Currently, no objective
metrics exist to guide the decision-making in regard to the timing
of “step-up” to more invasive intervention. Finally, a subset of pa-
tients in this series required urgent/emergent OPD. Not surpris-
ingly, postoperative morbidity in this setting was high (88%)
Nevertheless, even in this “worst-case” scenario, OPD rescued the
vast majority of these patients with a mortality rate of 6%. In the
setting of emergent OPD and unfavorable physiology, a “damage
control pancreatic debridement” with staged reoperation may be
considered [35]. An important, unanswered question is whether a
specific group of NP patients may benefit from operative debride-
ment as a first-line approach. Specific examples may include those
with multi-field necrosis, or a high-volume of solid necrosis,
particularly those with biliary etiology. Unfortunately, answering
this question with a prospective trial will be immensely challenging
and likely impossible because of the relatively low volume of NP
treated by most centers, as well as the broad heterogeneity of NP
patients’ necrosis volume, anatomic distribution, and general
physiologic condition.

This study is limited by its retrospective nature and included
patients treated during an evolution in NP therapy at our institution
[25]. Early in the study period, the initial treatment approach was
often OPD. This sequence evolved into minimally invasive tech-
niques first, most often reserving operative intervention for surgi-
cal emergencies or patients refractory to less invasive techniques.
The study includes patients undergoing operative debridement by a
single, experienced pancreatic surgeon with long standing interest
in pancreatitis. This analytic approach introduces the surgeon
specific management strategy bias; however, (and importantly)
minimized bias across individual patient decision-making. The
intent was to produce a concise and concrete description of the
necrosis treatment algorithm in all patients and timepoints during
a decade in which treatment strategy evolved significantly. A sig-
nificant strength of this study is the large number of patients un-
dergoing OPD in the modern era of NP.

As the ideal treatment strategy for NP patients continues to
evolve, identifying objective metrics to guide the selection of
appropriate first line interventions for NP patients becomes
increasingly important. Further, objective metrics to guide the
timing of a “step-up” to additional or more invasive intervention
are lacking and when identified will be of great benefit to clinicians
treating NP. To date, treatment for NP patients is entirely reactive to
disease complications and disease-modulating therapies are criti-
cally needed. One such disease-modulating therapy with potential
demonstrated in preclinical studies is the use of stem cells to
modulate the AP systemic inflammatory response [36]. Treatments
impacting the pathophysiology of NP will inform further evolution
in the management strategy of this disease.

Conclusion

Minimally invasive techniques play an increasingly important
role in the treatment of necrotizing pancreatitis patients. These
strategies provide definitive treatment in many; however, a select
necrotizing pancreatitis patient population refractory to minimally
invasive therapies benefit from operative intervention. A second

discrete group of necrotizing pancreatitis patients are best
approached by primary operative debridement. Operative pancre-
atic debridement can be performed safely and remains an impor-
tant management strategy in the modern treatment algorithm in
properly selected patients.
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