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Abstract

Background Early surgical intervention in necrotizing

pancreatitis (NP) is associated with high mortality. Guide-

lines recommend fine needle aspiration (FNA) in patients

with NP and signs of sepsis. Because infection of necrosis is

considered an indication for surgery, operations are often

performed early. We changed treatment toward a conserva-

tive approach with FNA in selected cases only, thereby

reducing the rate of necrosectomy.

Methods Retrospectively analyzed patients, all operated

on for FNA-proven infection of pancreatic necrosis (n =

20, group 1) were compared to patients subjected to con-

servative treatment (n = 24, group 2) who were followed

prospectively.

Results Prognostic scores did not differ between the two

groups, indicating comparable severity: the Acute Physi-

ology and Chronic Health Evaluation (APACHE II) score

was 19.8 ± 1.7 versus 16 ± 2.2; the Sequential Organ

Failure Assessment (SOFA) score was 8.7 ± 1.4 versus

6.9 ± 1.0, the C-reactive protein (CRP) level on day 3 was

243 ± 21 versus 291 ± 21, and the CTSI (CT severity

index) was 7.8 ± 0.5 versus 7.9 ± 0.4 (p = ns). Ten

patients in group 2 underwent operation because of severe

extrapancreatic complications. Mortality differed signifi-

cantly (45% in group 1 vs. 8.3% in group 2; p = 0.01).

Conclusions A highly conservative approach avoiding

open necrosectomy in NP results in significantly lower

mortality than previous serial FNA and consecutive indi-

cation for surgery in case of proven infection. Open surgery

in NP should be reserved for concomitant intra-abdominal

complications.

Introduction

The mortality of patients with necrotizing pancreatitis has

gradually declined over recent decades with improved

diagnostic methods and treatment modalities [1, 2]. Treat-

ment principles of necrotizing pancreatitis and the role of

surgery are still controversially discussed. Twenty years ago

more than 60% of patients with the disease were treated

surgically [3]. In 1991 Bradley and Allen [4] defined pan-

creatic necrosis as the principal determinant of survival in

acute pancreatitis, but they recommended conservative

treatment of sterile necrosis in selected cases. Guidelines of

the International Association of Pancreatology (IAP) rec-

ommend performance of fine needle aspiration (FNA) in

patients with necrotizing pancreatitis and signs of sepsis.

Once FNA-proven infection of necrosis has been shown, it is

considered indication for operative intervention [5]. In

addition, timing of surgery has been increasingly recognized

as a major determinant of outcome in acute pancreatitis, and

there is now general agreement that patients should undergo

operation in the late phase of the disease. However, the

definition of ‘‘late’’ differs considerably between studies

[5, 6].

In the present study we tried to optimize the treatment

strategy for necrotizing pancreatitis with regard to indica-

tions for operation and the role of fine needle aspiration.

We focused on the effect of operative intervention in the
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course of necrotizing pancreatitis. The aim of the study was

to evaluate the effect of the maximum conservative treat-

ment algorithm with delayed surgical intervention and a

highly restricted use of FNA compared to a historical

control group subjected to surgical necrosectomy based on

positive FNA.

Patients and methods

In the Department of Surgery, University of Rostock, dif-

ferent treatment strategies were subsequently applied over

the last years. After the introduction of a new department

chairman, data of patients with necrotizing pancreatitis

were prospectively collected from 09/2003 to 12/2007

(group 2) and were compared to a retrospectively analyzed

group of patients treated earlier (03/2000–08/2003, group

1). Definitions according to the Atlanta classification were

used [7]. Inclusion criteria were [8 APACHE II points, [3

Ranson signs, and presence of one or more organ failures

and/or presence of local complications as described by

Bradley [7]. All patients required ICU treatment, which did

not differ between groups.

Before the introduction of a new treatment algorithm, all

patients with NP and signs of sepsis had fine needle aspiration

(FNA) of pancreatic necrosis. The FNA studies were repeated

weekly, and if the FNA cytology was positive, the patient was

referred for pancreatic necrosectomy. With this regimen vir-

tually all patients in our department underwent operation. To

compare the effect of surgical intervention in necrotizing

pancreatitis, these patients were analyzed as group 1.

The approach to prospectively collected patients (group

2) differed, as they were treated conservatively after an

initial stabilization period of up to 72 h without FNA. An

initial CT scan for evaluation of the extent of pancreatic

necrosis was performed during that time, as well. Only

clinical deterioration despite maximum intensive care was

an indication for surgical intervention. If patients could be

stabilized by ICU therapy, there was no operative inter-

vention, even in the case of multiple organ failure (MOF).

No routine FNA studies were performed. Treatment was

primarily conservative in nature unless there were clinical

signs of acute abdomen or other secondary complications

that required surgical or radiological intervention.

In both groups the following scores and prognostic

markers were assessed: the CRP level and the APACHE II

and SOFA score were assessed for the first 7 days; the

Ranson score upon primary admission and the CTSI score

based on the index CT performed within the first 72 h were

also assessed. Organ failure was defined according to the

Atlanta classification [7]. Organ failure and radiological

and surgical interventions were documented. The incidence

of organ failure represents the summary of organ

dysfunction throughout the entire hospital stay. Moreover,

the body mass index of all patients was calculated, and type

and timing of nutrition was compared.

During the entire time period of our study (groups 1 and 2)

ICU management remained unchanged. Thereafter, per-

sonnel and structural changes occurred. Therefore all

patients admitted at a later time point were excluded from

this study. Data are presented as mean ± SEM. Differences

between groups were compared using Student’s t test, the

Mann–Whitney U test, or Fisher’s exact test, where appli-

cable. Data were analyzed with GraphPad Prism (version

4.00 for Windows; GraphPad Software, San Diego CA).

Results

Twenty patients were identified from 03/2000 through

08/2003 who were operated following positive FNA and

were analyzed as group 1. Group 2 consisted of 24 con-

secutive patients with necrotizing pancreatitis. 22 of whom

were primarily admitted to our department, and two

patients were transferred within 24 h after onset of the

disease between 09/2003 and 12/2007.

Table 1 summarizes the clinical characteristics of both

groups. All prognostic parameters and parameters describing

the severity of the disease in both groups, including organ

Table 1 Comparison of characteristics, prognostic scores, and

overall mortality of the two study groups

Parameter Group 1

n = 20

Group 2

n = 24

p Value

Age 55.1 ± 3.4 55 ± 3.4 0.992

Body mass index 30 ± 1.6 27.1 ± 0.7 0.126

Male 7 6 NA

Female 13 18 NA

APACHE II upon admissiona 19.8 ± 1.7 16.1 ± 1.9 0.169

SOFA upon admissiona 8.7 ± 1.4 6.9 ± 1.0 0.312

Ranson score 3.9 ± 0.3 3.9 ± 0.2 0.305

CTSI index CT 7.8 ± 0.5 7.9 ± 0.4 0.803

CRP on day 3 (mg/dl)a 243 ± 21 291 ± 21 0.116

3-Organ failureb 30% 46% 0.467

2-Organ failureb 5% 8.3% 0.662

1-Organ failureb 0% 4.2% 0.356

Enteral feeding of patients 75% 96% NA

Overall mortality 45% 8.3% 0.01

CTSI CT severity index, CRP C-reactive protein, APACHE II Acute

Physiology and Chronic Health Evaluation score, SOFA Sequential

Organ Failure Assessment
a APACHE II and SOFA scores and CRP were evaluated daily for the

first 7 days without statistical difference on any day
b Describes amount of organ failure of the entire hospital stay, not

only upon admission. Data are presented as mean ± SEM
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failure, were comparable at all times. Only in-hospital

mortality significantly differed between groups (8.3% vs.

45%; p = 0.01). Operations and interventions in the two

groups are summarized in Table 2. In group 1 a total of 49

programed FNAs were performed and led to operation within

the first 3 weeks in 12 patients. Indication for surgery in all

patients was a positive FNA. In 10 patients programed

abdominal reintervention with lavage was performed. Only

four patients needed one operation with no reintervention, all

others required at least one re-laparotomy. In five patients

additional colonic resections had to be performed as a result

of bowel ischemia. In the 20 patients a total of 144 operations

were performed. The median number of operations was 4.5

per patient. Only one patient received interventional radio-

logical abscess drainage. Overall mortality in this group was

45%.

In group 2 four patients (16.6%) required early and

immediate surgery for severe complications (duodenal

perforation, fulminant gangrene of the entire colon, perito-

nitis, and development of a symptomatic incarcerated

inguinal hernia). Of these four patients, one required pan-

creatic debridement during the first operation, and in two

others debridement was performed in a second or third

operation after management of the initial complications.

Pancreatic necroses or intra-abdominal cultures in all four of

these patients were positive for bacteria. One patient died on

day 64. Twenty patients were treated conservatively for at

least 3 weeks after a successful stabilization period of 3

days. Six of these 20 patients developed secondary com-

plications—i.e., colonic perforations, ileus, or enterocuta-

neous fistulas—and therefore underwent surgery. In 3 of

these 6 patients pancreatic debridement was performed

during the same operation. None of the 6 patients died. In all

operated patients intra-abdominal cultures and/or pancreatic

necroses were positive for bacteria. Fourteen patients were

managed by conservative means only, and one of them died

on day 59 after the onset of NP (age 89 years). In this patient

one FNA was performed, and the result was negative.

Deterioration of the patient’s clinical condition with pro-

gression of MOF resulted in CT-guided drainage and cul-

ture, which was positive. Despite efficient decompression of

the lesser sac, the patient rapidly deteriorated and died. In

two of these 14 patients CT-guided drainage of peripan-

creatic fluid collections was performed. In one, abscess

formation was suspected on CT, and the other patient went

on to develop respiratory insufficiency as a result of

expanding peripancreatic fluid collection. The cultures of

both patients were positive, yet both recovered after CT-

guided drainage and subsequent continuous lavage without

operation. Four patients received CT-guided drainage of

intra-abdominal abscesses. Positive FNA was not the indi-

cation for operation in any of the patients in group 2 who

underwent operation. Overall, 31 operations were per-

formed. (The median number of operations was 0 per

patient.) Comparing all operations between the two study

groups, the actual numbers differed significantly

(p \ 0.001). In summary, 5 of 24 patients in this group

underwent 5 FNAs. Nine patients did not have FNA,

drainage, or operation. Comparing all prognostic scores

between these 9 patients and all other patients in group 2, no

statistically significant differences were observed (Table 3).

Two patients of group 2 died (mortality 8.3%).

Nutritional support differed between the study groups:

23 patients in group 2 received enteral nutrition (96%), but

Table 2 Comparison of

different treatment

characteristics of the two groups

FNA fine-needle aspiration

cytology

Group 1 Group 2

Patients (n) 20 24

FNA

No prior operation (total number)

49 5

Operations (total number) 144 31

Median number of operations 4.5 0

Indications of operation Positive FNA (n = 20)

(Gangrene of colon;

n = 5/20)

Duodenal perforation (n = 1)

Gangrene of colon (n = 1)

Peritonitis (n = 1)

Incarcerated inguinal hernia (n = 1)

Colonic perforation (n = 3)

Abscess (n = 1)

Enterocutaneous fistula (n = 1)

Ileus (n = 1)

Percentage of patients where

necrosectomy was performed

100% 25% (n = 6)

CT drainage of intra-abdominal abscess 1 4

CT-guided placement of lavage catheters 0 6
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only 15 patients in group 1 (75%) did. Enteral feeding was

initiated significantly earlier in group 2 than in group 1 (on

day 3.3 ± 0.5 vs. day 7.0 ± 1.4; p = 0.02). In addition, 22

patients in group 2 (92%) and 19 patients in group 1 (95%)

received parenteral nutrition. Parenteral nutrition in group

2 was started on day 2.5 ± 0.4 after admission and in

group 1 on day 1.5 ± 0.5 (ns).

Discussion

The main finding of our study is that mortality from nec-

rotizing pancreatitis can be profoundly reduced by avoid-

ing surgical therapy or by postponing surgical treatment to

the late stage of the disease. This concept is based on

clinical decision making, together with a restriction of

FNA. Without the FNA testing, we were not evaluating

whether pancreatic necroses were infected or not. In this

series 92% of patients had extended necrosis involving

more than 50% of the pancreatic parenchyma, which was

reflected by a mean CTSI score of 8. The overall severity

of the disease was documented by three-organ failure in

46% of patients and a mean APACHE II score of 16 on

admission. We did not comply with the guidelines of the

International Association of Pancreatology (IAP) [5]. Even

if patients had early three-organ failure but did not dete-

riorate, we continued ICU therapy without performing

FNA. Mortality among the 24 patients treated according to

this concept was 8.3%.

This prospective observational study was triggered by a

retrospective analysis of 20 patients with necrotizing pan-

creatitis at our institution in whom FNA was performed

according to the IAP-guidelines [5]. In that series of

patients, if signs of sepsis were present, debridement was

performed in cases of infection. According to this protocol,

necrosectomy was performed in all patients, and the mor-

tality rate was 45%.

Comparing the two treatment concepts, the first con-

clusion is that mortality is high if pancreatic necrosectomy

is performed. This statement challenges the IAP guideline

recommendation that FNA should be performed in the

presence of signs of sepsis. Clinical systemic inflammatory

response syndrome (SIRS) or sepsis is often encountered in

the early stage of acute pancreatitis, and this has led to

FNA which, by definition, leads to debridement if infection

is detected at any point during the time course of the dis-

ease. Because of extended necroses and equal severity of

pancreatitis in patients who have undergone early opera-

tion, we began to avoid operation and were able to do so

entirely in the majority of patients, and to postpone surgical

intervention beyond the third week in group 2. The main

treatment target remained MOF, which resulted in inten-

sive care treatment rather than surgical intervention, as

early MOF is a major risk factor for death in severe acute

pancreatitis [8]. Three points are noteworthy in group 2:

(1) None of the six patients who underwent operation

were treated with the aim to debride the pancreatic

necrosis, but rather to treat complications affecting

adjacent extrapancreatic structures. Because intra-

abdominal infection was present, and because the

superinfection associated with pancreatic necrosis

could be expected, concomitant necrosectomy was

performed in 50% of those patients. In contrast, in

group 1 all patients were operated on with the primary

goal of necrosectomy. 2. We cannot define the

incidence of infected pancreatic necrosis among 9

patients of group 2 who were treated conservatively

without any intervention. However, Isenmann et al.

[9] have shown that the extent of necrosis correlates

with the incidence of infection. In our cohort 98% of

patients had [50% pancreatic necrosis. Therefore, it

is very likely that a certain percentage had infection

and were treated conservatively, an approach that has

proven feasible according to Rünzi et al. [10].

Table 3 Subgroup analysis of

study group 2, with detailed

analysis of prognostic scores,

interventions, and status of

infection

Severity of disease in nine

patients without operation or

intervention is comparable to all

other patients. Indications and

total number of operations and

interventions are compared

Group 2 (n = 24) Conservative

treatment—no

intervention at all

Patients with

intervention

or operation

Comparison

of severity,

p value

Patients (n) 9 15

Patients died (n) 0 2

FNA sterile NA 3

FNA positive NA 3

Infected pancreatic necrosis/

positive abdominal culture

NA 9

APACHE II score upon admission 14.6 ± 3.4 16.8 ± 2.5 0.585

SOFA score upon admission 5.9 ± 1.6 7.9 ± 1.4 0.369

Ranson score 3.8 ± 1.6 4.1 ± 0.1 0.553

CTSI index CT 8.1 ± 0.7 7.8 ± 0.5 0.705

CRP on day 3 (mg/dl) 264 ± 28 306 ± 28 0.344
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(2) Although the severity of disease was comparable in

patients treated conservatively and patients treated

surgically, the main limitation of our study is that we

did not account for the state of infection in most of the

patients treated conservatively because we had estab-

lished the basic clinical concept which profoundly

restricted the performance of FNA.

(3) In parallel with the reduction of operative treatment,

the need for radiological interventions increased. The

catheter techniques employed were primarily directed

at drainage of fluid collections, including abscesses,

and not at interventional necrosectomy. However, in

five patients the catheters placed by CT guidance were

also used for subsequent lavage. In contrast, in group 1,

CT drainage was performed in one patient only.

Büchler et al. have shown that organ failure and severity

of acute pancreatitis is reduced with sterile necrosis,

resulting in the broad agreement among clinicians that

necroses in the absence of infection should be treated

conservatively [4, 11–13]. According to our data, patients

with necrotizing pancreatitis seem to benefit from conser-

vative treatment despite extended necrosis and MOF. This

treatment protocol requires that the patient, although crit-

ically ill, can be maintained in a stable condition by ICU

therapy. In a certain percentage of patients intra-abdominal

complications outside the pancreas will necessitate opera-

tive treatment. In group 2 in our study, patients underwent

operation for the treatment of intra-abdominal complica-

tions during weeks 4–6 after disease onset. Fernandez-del

Castillo et al. defined a group of patients with different

characteristics of ‘‘ongoing pancreatitis’’ necessitating

debridement beyond the seventh week. These patients, who

were in stable condition and had low APACHE II scores,

were confined to the hospital because they could not tol-

erate oral feeding and failed to recover [14]. If patients

with severe pancreatitis are to be operated on less and later,

it seems important to systematically evaluate subgroups

that will benefit from an ‘‘elective’’ debridement in the

post-acute phase which may be facilitated by a retroperi-

toneal minimally invasive operative approach.

As in our study, Besselink et al. [15] could also demon-

strate that postponing necrosectomy until 30 days after

admission could decrease mortality. One published con-

trolled clinical trial could show that indeed a minimally

invasive approach can reduce major complications. How-

ever, no difference in mortality was noted in this study [16].

A recently published study from India compared initial

conservative treatment of infected pancreatic necrosis versus

necrosectomy. However, the mortality rate among conser-

vatively treated patients was comparable to that for primarily

operated patients. Interestingly, operation could be avoided

in 76% of patients with infected necrosis [17].

Other investigators and our group have previously

shown that mortality of patients with necrotizing pancrea-

titis has decreased significantly over the past decades [1, 2,

4, 18, 19], chiefly because surgery was carried out less

frequently and later in the course of the disease.

In order to evaluate other factors that might account for

the different mortality rates in our two study groups, we

compared body mass index and nutritional support. Obesity

is a prognostic factor favoring the development of com-

plications [20], but body mass index was comparable in the

two study groups. Benefit of enteral nutrition on the course

of necrotizing pancreatitis was demonstrated by other

investigators [21, 22]. In our two groups, the data for

enteral feeding were not significantly different, but enteral

feeding was started significantly earlier in group 2.

Conclusions

Necrosectomy during the early stage of acute pancreatitis should

be avoided because it has been associated with high mortality

rates. Therefore FNA must be restricted to the late phase of the

disease where it may aid decision making in selected patients

who have not experienced clinical improvement.

Detection of infection is irrelevant as long as the patient

remains clinically stable even in the presence of MOF. If

the clinical condition, especially concerning cardiovascular

function, deteriorates, operation may be the only option

regardless of the status of infection of pancreatic necrosis.

With this less aggressive treatment protocol, the need for

catheter drainage of fluid collection or abscess increases.

Secondary intra-abdominal complications might necessi-

tate surgical therapy and the indication for operation is thus

shifted away from classical debridement. It appears likely

that infected pancreatic necrosis is not an absolute indi-

cation for operation in clinically stable patients. However,

conservative management of infected pancreatic necrosis

has not been sufficiently evaluated yet, and a prospective

randomized study is still needed.
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