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CHAPTER

General introduction
and outline of this thesis



Acute pancreatitis was first described by the Dutchman Nicolaes Tulp in 1652.!
Three and a half centuries later, this disease continues to challenge clinicians and
researchers alike. Many feel uncomfortable treating this complex and heterogene-
ous illness, which is potentially deadly and demands great endurance of both patient
and doctor. While over the last 25 years ‘evidence based medicine” has evolved to a
robust framework for clinical decision making,>¢ some important advances have
been made in the clinical field of acute pancreatitis.”!* However, only a few prospec-
tive (multicentre) studies have been performed and many clinical questions are yet
unanswered. The outlook for patients with acute pancreatitis remains grim and new
frontiers have to be explored.

This thesis presents 6 years of clinical research undertaken by the Dutch Pancreatitis

Study Group to improve the diagnosis and treatment of acute pancreatitis.

De anatomische les van dr. Nicolaes Tulp

door Rembrandt van Rijn (1632)

BACKGROUND OF ACUTE PANCREATITIS

Acute pancreatitis is one of the most common gastroenterological diseases. The inci-
dence in Europe and the United States ranges from 20 to over 70 per 100.000 popu-
lation,’!” and has increased over the last decade.!® In an average Dutch hospital,
over 30 patients with acute pancreatitis are admitted each year.!?

Most cases of acute pancreatitis are caused by gallstones, gallsludge or alcohol
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GENERAL INTRODUCTION AND THESIS OUTLINE CHAPTER I

abuse.?” More uncommon causes include a variety of drugs, endoscopic retrograde
cholangiopancreatography (ERCP), hypertriglyceridemia, and many other known
and unknown factors.?! Although much is uncertain about the pathophysiology of
acute pancreatitis, we know that the various etiological stimuli trigger premature
activation of trypsin in pancreatic acinar cells.???® Trypsin then activates pancreatic
digestive enzymes causing autodigestion of the gland and the surrounding tissue.??*
Local pancreatic inflammation can quickly progress into a systemic inflammation
by the release of pro-inflammatory mediators.2+26

Patients with acute pancreatitis present with characteristic severe pain in epigastrio,
which is often accompanied by nausea and vomiting.?” Most patients have a mild
and uncomplicated further clinical course. The abdominal pain usually disappears
within several days and oral intake can quickly be resumed. In 10-20% of patients,
the disease has a severe clinical course with prolonged hospital stay and a conside-
rable risk of complications and death.!*272 In the first days of admission, scoring sys-
tems such as the Imrie score? and the Acute Physiology and Chronic Health
Evaluation (APACHE II) score,* and biochemical parameters such as C-reactive
protein (CRP),%! are used for prediction of the clinical course and to stratify patients
as ‘predicted mild acute pancreatitis’ or ‘predicted severe acute pancreatitis’ in cli-
nical studies.

The clinical course of severe acute pancreatitis can be divided into an ‘early phase’
and a ‘late phase’. In the early phase (i.e., the first 1-2 weeks), necrosis of the pan-
creatic parenchyma and peripancreatic tissue can develop within a few days.”*? At
the same time, a systemic inflammatory response syndrome (SIRS) occurs, which
often precedes multiple organ failure.?*% It is thought that multiple organ failure in
the early phase is responsible for around half of the deaths in acute pancreatitis.?
In the ‘late phase’ (i.e., after 1-2 weeks), systemic inflammation often recedes.
Prognosis in this phase is dictated more by local complications than by systemic
complications.!*? The most dreadful local complication is secondary infection of
pancreatic necrosis or peripancreatic necrosis.” Infected necrosis occurs in around a
third of patients with necrotising pancreatitis.?®* Without intervention to remove the
infected necrosis, almost every patient will eventually develop sepsis with multiple
organ failure, and will eventually die. Even when intervention is performed, morta-

lity of infected necrosis remains around 30%.%

ACUTE PANCREATITIS: NEW FRONTIERS IN DIAGNOSIS AND TREATMENT 13



TABLE I.I. The 19 main study questions that are addressed in this thesis

CHAPTER

2

10

11,12

13
14
15
16

17

18

19

STUDY QUESTIONS

What is the interobserver agreement among radiologists for the Atlanta Classification to describe
computed tomography findings in acute pancreatitis?

Are the definitions of the Atlanta Classification consistently used and interpreted in the literature?
What is the interobserver agreement among radiologists and clinicians from different parts of the
world for a newly designed set of morphological criteria to describe computed tomography findings in
acute pancreatitis?

What is the time of onset and clinical impact of infections in acute pancreatitis?

Does enteral nutrition, as compared to parenteral nutrition, reduce the risk of infections and death in
predicted severe acute pancreatitis?

What are the proposed mechanisms of action of probiotics and current evidence from randomised
studies, with focus on prevention of infections in surgical and critically ill patients?

What is the role of probiotic prophylaxis in patients with predicted severe acute pancreatitis?

What is the association between the clincial course of acute pancreatitis and increased intestinal
permeability, enterocyte damage, and bacterial translocation, and how are these processes influenced
by probiotics?

What is the value of commonly used radiological and biochemical predictors for choledocholithiasis
early in the course of acute biliary pancreatitis?

Does early ERCP, as compared to conservative treatment, improve clinical outcome in acute biliary
pancreatitis?

What is the role of percutaneous drainage in necrotising pancreatitis?

How do you perform VARD in necrotising pancreatitis?

What is the feasibility of minimally invasive techniques in necrotising pancreatitis?

Is VARD, as compared to open necrosectomy, associated with a better clinical outcome in necrotising
pancreatitis?

Does a minimally invasive step-up approach, as compared to primary open necrosectomy, reduce
major complications and death, as well as long term complications, health care utilisation, and total
costs in patients with necrotising pancreatitis?

What is the recent outcome of patients from the entire clinical spectrum of necrotising pancreatitis
who undergo either conservative treatment or intervention?

How is the application procedure for medical ethical approval for a nationwide multicentre study in the
Netherlands functioning, in terms of adherence to the national guideline, duration of the review

process, and time and materials invested?

ERCP stands for endoscopic cholangiopancreaticography

VARD stands for video-assisted retroperitoneal debridement

14
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GENERAL INTRODUCTION AND THESIS OUTLINE CHAPTER I

In this thesis, four main topics regarding diagnosis and treatment of acute pancrea-

titis have been addressed:

1 Defining acute pancreatitis and its local complications
2 Preventing infections in acute pancreatitis

3 Early endoscopic intervention for biliary pancreatitis
4 Intervention for necrotising pancreatitis

The main study questions are summarized in TaBLE 1.1. The background of the

four topics is discussed in the following sections.

PART I DEFINING ACUTE PANCREATITIS AND
ITS COMPLICATIONS
In 1992, an international consensus conference was held in Atlanta, Georgia, which
resulted in a clinically based classification to define acute pancreatitis and its com-
plications (raBLE 1.2).1° Although the ‘Atlanta Classification’ has been universally
accepted, it is now apparent that the classification suffers from considerable short-
comings.?83+%% One of the main problems is that the definitions for local complicati-
ons such as ‘acute pseudocyst’ and ‘pancreatic abscess’ are confusing. Although
exact radiological criteria for these local complications were not provided, the
Atlanta definitions are widely used to describe peripancreatic collections on compu-
ted tomography (CT) in daily practice. An evaluation of the use of the Atlanta
Classification in clinical practice had never been performed. In CHAPTER 2 we
summarise a study among Dutch radiologists to asses the interobserver agreement
of categorising peripancreatic collections on CT using the Atlanta Classification.
Aside from the clear need for correct terminology and standardised definitions in
daily practice, the same language should also be spoken in clinical research in order
to adequately compare inter-institutional data. The use of the Atlanta Classification
in the literature had never been evaluated. CHAPTER 3 presents a literature review
to assess whether the Atlanta Classification is accepted in the literature, and to eva-
luate the extent of variation in interpretation of the definitions.
It has been suggested that objective, descriptive terms to categorize CT-findings
should be incorporated in a new classification, as an alternative to the subjective

definitions of the Atlanta classification.’® CHAPTER 4 describes an interobserver

ACUTE PANCREATITIS: NEW FRONTIERS IN DIAGNOSIS AND TREATMENT 15



TABLE I.2. Summary of the 1992 Atlanta Classification on acute pancreatitis10

DEFINITION

Acute pancreatitis

An acute inflammatory process of the pancreas with variable
involvement of other regional tissues or remote organ systems.
Associated with raised pancreatic enzyme levels in blood or
urine.

Severity

Mild acute pancreatitis

Severe acute pancreatitis

Predicted severe acute pancreatitis

Associated with minimal organ dysfunction and an uneventful
recovery; lacks the features of severe acute pancreatitis. Usually
normal enhancement of pancreatic parenchyma on contrast-
enhanced computed tomography.

Associated with organ failure and/or local complications such as
necrosis, abscess or pseudocyst

Ranson score =3 or APACHE Il score =8

Organ failure and systemic complications

Shock

Pulmonary insufficiency

Renal failure

Gastrointestinal bleeding
Disseminated intravascular coagulation

Severe metabolic disturbances

Systolic blood pressure <90 mmHg

Pa 0, =60 mmHg

Creatinine 2177 pmol/I or <2 mg/dl after rehydration
500 mlin 24 h

Platelets <100.000/mm?, fibrinogen <1.0 g/I

and fibrin-split products > 80 pg/I

Calcium =1.87 mmol/I or 27.5 mg/dI

Local complications

Acute fluid collections

Pancreatic necrosis

Pancreatic abscess

Occur early in the course of acute pancreatitis, are located in or
near the pancreas and always lack a wall of granulation of
fibrous tissue. In about half of patients, spontaneous regression
occurs. In the other half, an acute fluid collection develops into a
pancreatic abscess or pseudocyst

Diffuse or focal area(s) of non-viable pancreatic parenchyma,
typically associated with peripancreatic fat necrosis.
Non-enhanced pancreatic parenchyma >3 c¢m or involving more
than 30% of the area of the pancreas.

Circumscribed, intra-abdominal collection of pus, usually in
proximity to the pancreas, containing little or no pancreatic
necrosis, which arises as a consequence of acute pancreatitis or
pancreatic trauma.

Often 4 weeks or more after onset.

Pancreatic abscess and infected pancreatic necrosis differ in cli-
nical expression and extent of associated necrosis.

16
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GENERAL INTRODUCTION AND THESIS OUTLINE CHAPTER I

agreement study in which an international group of surgeons and radiologists for-
mulated a new set of descriptive, morphological terms that were tested between sur-

geons, gastroenterologists, and radiologists from different parts of the world.

PART I1I: PREVENTING INFECTIONS IN ACUTE
PANCREATITIS
It is estimated that around 80% of patients that die from acute pancreatitis have con-
comitant infectious complications.?” Prophylactic antibiotics have not been proven
effective in reducing infections in acute pancreatitis.!>*® Alternative preventive stra-
tegies are therefore highly needed.
The most important infectious complication is infection of pancreatic necrosis or
peripancreatic necrosis.” Although the incidence of infected necrosis has been wide-
ly studied, the time of onset and clinical impact of other infections, such as pneumo-
nia and bacteraemia, are uncertain. CHAPTER 5 is a summary of an observational,
multicentre, cohort study that investigated the timing of infections and their associ-
ation with death in acute pancreatitis.
One of the first steps in the pathophysiological process held responsible for infecti-
ons in acute pancreatitis is bacterial translocation: the phenomenon that bacteria
cross the gastrointestinal mucosal barrier and invade the systemic compartment.®4
Bacterial translocation is caused by a complex interaction of events including small-
bowel bacterial overgrowth,* mucosal barrier failure,** and pro-inflammatory
immune responses.?>? Strategies to prevent infections should ideally have their
effect on all these events. A strategy that meets these criteria may be the administra-
tion of enteral nutrition.**#6 In CHAPTER 6 we summarize a systematic review and
meta-analysis of randomised trials comparing enteral nutrition with parenteral
nutrition in terms of the risk of infections and death in patients with acute pancrea-
titis.
Another strategy that has been proposed to prevent infections in acute pancreatitis
is prophylactic administration of probiotics.*”*® Probiotics are non-pathogenic bac-
teria that, on delivery to the host’s intestinal tract, may exert health-promoting
effects.® CHAPTER 7 presents an overview of the proposed mechanisms of action
of probiotics in preventing infections and the results from 14 randomised trials in

surgical and critically ill patients. In CHAPTER 8 we describe the PR Obiotics in

ACUTE PANCREATITIS: NEW FRONTIERS IN DIAGNOSIS AND TREATMENT 17



PAncreatitis TRIAI (PROPATRIA): a randomised, placebo-controlled, multicen-
tre trial on probiotic prophylaxis in 296 patients with predicted severe acute pan-
creatitis. CHAPTER 9 is a summary of a study in which we assessed intestinal bar-
rier function in 141 out of 296 patients who were randomised in PROPATRIA.

We evaluated the relationship between infectious complications and 1. enterocyte
damage, 2. increased intestinal permeability, and 3. bacterial translocation. We also

investigated the effect of probiotics on these processes.

PART III: EARLY ENDOSCOPIC INTERVENTION
FOR ACUTE BILIARY PANCREATITIS

Gallstones and gallsludge are responsible for around 25 to 70% of cases of acute pan-
creatitis in the Western world.!”!82 It is thought that intermittent or persistent
obstruction of stones and sludge in the common bile duct (CBD) and ampulla of
Vater cause pancreatic outflow obstruction, which leads to pancreatic damage and
inflammation.®® Early intervention to relieve biliary obstruction in acute biliary pan-
creatitis therefore seems plausible. This may mitigate pancreatic inflammation and
thereby improve clinical outcome. Early ERCP to remove CBD stones with subse-
quent sphincterotomy has been proposed as such an intervention.? It is known,
however, that the majority of CBD stones and sludge pass spontaneously into the
duodenum in patients with acute biliary pancreatitis.®**! Moreover, ERCP is an inva-
sive procedure with a risk of complications.’? Therefore, one would ideally perform
ERCP only in patients with a high chance of CBD stones. We therefore need para-
meters that accurately predict CBD stones in acute biliary pancreatitis. In CHAPTER
10 we present the first study evaluating commonly used biochemical and radiologi-
cal predictors for CBD stones, early in the course of acute biliary pancreatitis.
CHAPTER 11 describes a systematic review and meta-analysis of 3 randomised tri-
als comparing ERCP with conservative treatment in terms of complications and
death in patients with acute biliary pancreatitis. After this meta-analysis, the role of
early ERCP still remained controversial. This was mainly caused by the fact that
the pooled data comprised only few patients with predicted severe acute biliary pan-
creatitis: i.e. the patients most at risk for complications. Moreover, it remained
unclear whether the effect of early ERCP differed between patients with and wit-
hout cholestasis. Therefore, we performed the study presented in CHAPTER 12:

18 ACUTE PANCREATITIS: NEW FRONTIERS IN DIAGNOSIS AND TREATMENT



GENERAL INTRODUCTION AND THESIS OUTLINE CHAPTER I

a prospective, observational, multicentre cohort study comparing early ERCP with
conservative treatment in terms of mortality and death in patients with predicted
severe acute biliary pancreatitis. Patients with and without cholestasis were assessed

separately.

PART IV INTERVENTION FOR NECROTISING
PANCREATITIS
The historical treatment of infected necrosis is primary open necrosectomy by lapa-
rotomy.® This procedure is aimed at completely removing the infected focus. Open
necrosectomy is an invasive procedure with a high risk of complications (34 to 95%)
and death (11 to 39%).'2%%7 As an alternative, minimally invasive radiological,
endoscopic, and surgical techniques are gaining popularity.!#5 These minimally
invasive techniques can be applied in a so called ‘step-up approach’. In contrast to
primary open necrosectomy, the step-up approach is aimed at control of the infec-
ted focus rather than complete removal of the infected necrosis. We hypothesized
that infected necrosis can be successfully treated as an ‘abscess’. This means that the
necrosis can be left in situ and only drainage of pus under tension is sufficient.
Surgical intervention to remove infected necrosis may not always be necessary.
Additionally, the minimally invasive step-up approach may reduce the risk of com-
plications and death by inducing less surgical stress (i.e., a pro-inflammatory respon-
se) in these already critically ill patients.’
As the first step of the step-up approach, percutaneous catheter drainage (PCD) of
the peripancreatic collection with infected necrosis is performed."! CHAPTER 13 is
summary of a systematic review on PCD in necrotising pancreatitis.
If PCD does not lead to clinical improvement, the next step of the step-up appro-
ach is drain-guided minimally invasive retroperitoneal necrosectomy. CHAPTER 14
describes the rationale and technical details of ‘video-assisted retroperitoneal debri-
dement’ (VARD).
For PCD, VARD, and other minimally invasive techniques to be possible, a cathe-
ter drain has to be placed in the peripancreatic collection. It was unknown in which
proportion of patients this is technically feasible. CHAPTER 15 summarizes an inter-
observer agreement study among Dutch radiologists to evaluate the feasibility of

minimally invasive techniques in necrotising pancreatitis.

ACUTE PANCREATITIS: NEW FRONTIERS IN DIAGNOSIS AND TREATMENT 19



A head-to-head comparison of minimally invasive retroperitoneal necrosectomy
and open necrosectomy for complications and death had never been performed. In
CHAPTER 16 we summarize a retrospective, case-matched, cohort study comparing
VARD with open necrosectomy in 30 patients with suspected infected necrotising
pancreatitis.

Using the data from the preparative studies mentioned above, we designed a pros-
pective study to compare treatment strategies. CHAPTER 17 presents the PAncrea-
titis, maximal Necrosectomy versus minimally invasive sTEp up appRoach (PAN-
TER)-trial: a randomised, controlled multicentre trial to determine the optimal sur-
gical strategy in infected necrotising pancreatitis in terms of clinical outcomes,
health care resource utilisation, and costs.

The literature on outcome of necrotising pancreatitis comprises mainly of relative-
ly small, retrospective studies from single expert centres, covering long time peri-
ods and presenting only the subgroup of patients undergoing necrosectomy. CHAP-
TER 18 presents a prospective, observational, multicentre cohort study describing
outcome of conservative treatment and intervention in 639 patients with necrotising
pancreatitis who were screened for eligibility in the PROPATRIA and PANTER
studies. The main objective was to present a solid and up to date reference for futu-

re studies on mortality in the various subgroups of necrotising pancreatitis.

PART V. OBTAINING MEDICAL ETHICAL
APPROVAL FOR A DUTCH
MULTICENTRE STUDY

In the final part of this thesis, a topic other than acute pancreatitis is discussed.

Before a multicentre study can be initiated, approval has to be obtained from the

medical ethics committee of all participating hospitals. Dutch researchers often

experience this as an inefficient and tedious process. We hypothesized that the gui-
delines of the Central Committee on Research Involving Human Subjects

(CCMO)% on approval for multicentre studies are not always followed by the Dutch

medical ethics committees. CHAPTER 19 describes a prospective study in which we

systematically evaluated the application procedure for medical ethical approval for

the PANTER trial in the 19 participating centres.
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PART I DIAGNOSIS OF ACUTE PANCREATITIS AND LOCAL COMPLICATIONS

INTRODUCTION

Treatment of acute necrotising pancreatitis (ANP) is a challenge, and consultation
with or referral to specialised institutions is advised on several occasions.® There-
fore, adequate communication regarding both the severity and complications of
ANP is of utmost importance. In 1992, an international symposium on acute pan-
creatitis was held in Atlanta to resolve lingering disputes regarding the definitions
of various complications in acute pancreatitis. This resulted in the Atlanta
Classification, which is a clinically based classification system that defines the seve-
rity and complications of acute pancreatitis.* The Atlanta Classification is frequent-
ly used to describe (peri-)pancreatic collections on computed tomography (CT).
The aim of this study was to assess the interobserver agreement of categorizing peri-

pancreatic collections on computed tomography (CT) using the Atlanta Classification.

METHODS

Preoperative contrast-enhanced CTs from 70 consecutive patients (49 men; median
age, 59 years; range, 29-79 years) operated for ANP (2000-2003) in 11 hospitals of
the Dutch Pancreatitis Study Group were reviewed. Five abdominal radiologists
from 5 different hospitals independently categorized the peripancreatic collections
according to the Atlanta Classification: ‘acute fluid collection’, ‘pseudocyst’, ‘pan-
creatic abscess’, or ‘pancreatic necrosis’ (TaBLE 2.1.). The option ‘mixture’ and ‘no
collection’ was also an option to choose. Radiologists were only aware of the timing
of the CT and the clinical condition of the patient. The interobserver agreement was
calculated using x-statistics. A k level of less than 0.00 represents no agreement;
0.00-0.20, slight; 0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80, substantial; 0.81-1.00,
almost perfect agreement.” Mean k with SD was calculated for all 10 radiologist

pairs within the 5 radiologists.

RESULTS

Among the 5 abdominal radiologists, there was slight interobserver agreement for
categorizing collections according to the Atlanta Classification (k 0.144; SD, 0.095;
see TABLE 2.1.). In 3 (4%) of 70 cases, the radiologists chose the same definition
(mixture, n=2; pancreatic necrosis, n=1). In 3 (4%) of 70 cases, the same Atlanta defi-

nition was chosen. In 13 (19%) of 70 cases, 4 radiologists agreed, and in 42 (60%) of
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TABLE 2.I. Atlanta Classification used for defining (peri-)pancreatic collections
in 70 necrotising pancreatitis patients.

Ac. fluid Pancreatic Pancreatic No

collection abscess Pseudocyst  necrosis Mixture  collection Total
HPB radiologist n (%) n (%) n (%) n (%) n (%) n (%) n (%)
1 10 (14) 22 31) 0 (0) 4 (6) 32 (46) 2 (3) 70 (100)
2 1 (1) 1 (1) 0 (0) 14 (20) 53 (76) 1 (1) 70 (100)
3 8 (11) 4 (6) 0 (0) 7 (10) 51 (73) 0 (0) 70 (100)
4 14 (200 16 (23) 2 (3) 24 (34) 14 (20) 0 (0) 70 (100)
5 15 (21) 21 (30) 20 (29) 6 (9) 3 (4) 5 (7) 70 (100)
Mean 10 (14) 13 (18) 4 (6) 11 (16) 31 (44) 2 (2) 70 (100)

FIGURE 2.I. The use of the Atlanta Classification on CT in necrotising pancreatitis. Computed
tomography scan 12 days after onset of disease. The definitions chosen for this collection were ‘pseudo-

cyst’ (n=1), ‘pancreatic abscess’ (n=1), ‘pancreatic necrosis’ (n=1), and ‘mixture’ (n=2).

70 cases, 3 radiologists agreed on the definition. In 21 cases (30%), 1 or more of the
radiologists classified a collection as ‘pancreatic abscess’, whereas 1 or more radiolo-

gist used another Atlanta definition. See F1GURE 2.1 for an example.
DISCUSSION

Surgeons and gastroenterologists tend to rely heavily on the radiologist’s CT report of
a patient with ANP to decide upon further treatment. The impact of a report descri-
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bing a ‘pseudocyst’ is completely different from that of ‘infected pancreatic necrosis’
or a ‘pancreatic abscess.”? Different complications require different treatment strate-
gies, ranging from conservative management to invasive percutaneous or surgical
intervention. Interobserver variability in characterization of peripancreatic collections
will potentially mislead the clinician in his choice for the appropriate therapy.
Interobserver agreement studies have never been reported for the Atlanta
Classification, so the present study cannot be compared with previous studies.

In conclusion, the interobserver agreement of the Atlanta Classification for catego-
rizing peripancreatic collections in acute pancreatitis on CT is poor. The Atlanta
Classification should not be used to describe complications of acute pancreatitis on
CT. Radiological reports should be descriptive and mention the presence or absen-
ce of pancreatic necrosis, fluid collections, encapsulation, and/or air. A new descrip-

tive radiological classification system for acute pancreatitis should be designed.
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ABSTRACT

BACKGROUND

In a complex disease such as acute pancreatitis, correct terminology and clear defi-
nitions are important. The clinically based Atlanta Classification was formulated in
1992, but in recent years it has been increasingly criticized. No formal evaluation of

the use of the Atlanta definitions in the literature has ever been performed.

METHODS
A Medline literature search sought studies published after 1993. Guidelines, review
articles and their cross-references were reviewed to assess whether the Atlanta or

alternative definitions were used.

RESULTS
A total of 447 articles was assessed, including 12 guidelines and 82 reviews.
Alternative definitions of predicted severity of acute pancreatitis, actual severity and
organ failure were used in more than half of the studies. There was a large variation
in the interpretation of the Atlanta definitions of local complications, especially rela-

ting to the content of peripancreatic collections.

CONCLUSION
The Atlanta definitions for acute pancreatitis are often used inappropriately, and
alternative definitions are frequently applied. Such lack of consensus illustrates the

need for a revision of the Atlanta Classification.
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INTRODUCTION

Over the past five decades, several classification systems on pancreatitis have emer-
ged from interdisciplinary symposia.'* The most recent international meeting on
this topic, the 1992 Atlanta symposium, produced a clinically based classification
system.** Definitions of acute pancreatitis, its severity, organ failure and the local
complications ‘acute fluid collection’, ‘pancreatic necrosis’, ‘pseudocyst’ and ‘pan-
creatic abscess” were proposed. The Atlanta Classification attempted to introduce
uniformity in the assessment of clinical severity and the various complications of the
disease. This is the only widely accepted classification system used by clinicians and
radiologists.

With increasing knowledge of the pathophysiology of pancreatitis and the develop-
ment of new means of intervention, several authors have pointed out shortcomings
in the Atlanta Classification.®!3 A recent review demonstrated that terminology
abandoned by the Atlanta symposium, for instance ‘phlegmon’ and ‘infected pseu-
docyst’, is still used frequently in the literature, and that various new terms, such as
‘organized pancreatic necrosis’ and ‘necroma’, have been introduced since 1993.1* A
critical evaluation of the use of the Atlanta Classification in the literature has never
been performed. The present review assesses whether the definitions of the Atlanta
Classification are accepted in the literature and evaluates the extent of variation in

interpretation of these definitions.

METHODS

A Medline search of literature published between 1993 and 2006 was performed
using the following terms: ‘acute pancreatitis and review’ and ‘acute pancreatitis and
guidelines’. From the identified guidelines and reviews, cross-references were retrie-
ved. The search included all types of publication (reviews, guidelines, original stu-
dies, case reports and editorials), but excluded those not in English and animal
experimental studies. One author (T.L.B.) performed the selection and reviewed all
full-text papers to assess whether the original Atlanta definitions (TaBLE 1.2,
page 16) or other definitions were used for the following five components of the
Atlanta Classification: diagnosis (cut-off levels of pancreatic enzymes lipase and
amylase); predicted severity (predictive scoring systems, cut-off levels of scoring sys-

tems); actual severity (distinction between mild and severe pancreatitis, distinction
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TABLE g.I. Characteristics of retrieved articles (1993-2006) specified per impact factor

Total no. High Intermediate Low

of studies (>5.0) (1.5-4.9) (<1.5)

n=447 n=89 n=273 n=85
Meta-analyses 3 2 1 0
Randomised controlled trials 34 13 18 3
Prospective series 144 28 99 17
Retrospective series 147 23 95 29
Reviews 82 10 44 28
Guidelines 12 5 5 2
Editorials 5 2 3 0
Others 20 6 8 6

between predicted and actual severity); organ failure (determinants of individual fai-
ling organ systems, cut-off levels of determinants, distinction between single organ
failure and multiple organ failure); local complications (pancreatic necrosis and peri-
pancreatic necrosis, infection of necrosis, morphological aspects and distinction of
different types of collection). If different definitions for the components were iden-
tified, this was double checked by one of two other authors (H.C.v.S., M.G.B.). All
disagreements were resolved by discussion among the authors. In addition, study
results leading to new insights that might have influenced the interpretation of the
Atlanta Classification were recorded and are discussed. As a large number of refe-
rences were retrieved, for each component of the Atlanta Classification that was
assessed only the three most recent articles are cited here; the remaining references
are published in appENDIX 1 (available as supplementary material online at

www.bjs.co.uk).

RESULTS

A total of 447 articles was reviewed, including 12 guidelines and 82 reviews. These
articles reported on studies that were not specifically designed to evaluate the
Atlanta Classification; they merely mentioned Atlanta definitions (for example a

randomised trial comparing two treatment strategies with the outcome ‘pseudo-
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cyst’). Therefore, an assessment of methodological quality was deemed inappropri-
ate. TABLE 3.I gives an overview of the papers according to type of article and
impact factor of the journals in which they were published. The most important dis-
crepancies for the five components of the Atlanta Classification and discrepancies in

the 12 guidelines are discussed in order.

DIAGNOSIS

The Atlanta Classification provides no cut-off value for pancreatic enzyme levels. In
116 Studies, the diagnosis of acute pancreatitis was defined as a characteristic clini-
cal history of abdominal pain and an increased level of pancreatic enzymes to three
or more times the upper limit of normal. However, 31 studies used different thres-
holds, ranging from two or more!*!” to more than four'®? and more than five?-%

times the upper limit of normal.

PREDICTED SEVERITY

A total of 283 articles provided criteria for predicting severity in acute pancreatitis.
Some 86 reports used the severity scoring systems proposed by the Atlanta sympo-
sium.'®172* However, 197 studies used a different cut-off level for defining severity, or
used different or additional scoring systems, such as computed tomography (CT)
severity index, Imrie (Glasgow) score, Simplified Acute Physiology score, Sequen-
tial Organ Failure Assessment or severity predictors (such as C-reactive pro-
tein).!%2+2 Cut-off values for severity stratification differed considerably between
reports. For the CT severity index, the most established radiological scoring system
developed by Balthazar and colleagues® in 1990, the cut-off value to differentiate
between mild and severe disease ranged from three or more to eight or more
points.?29 In 32 studies, threshold values for Acute Physiology And Chronic Health
Evaluation (APACHE) II score (other than eight or more) varied from five or more
to 11 or more, whereas the time for calculating the score varied from day of admis-
sion to 24 and 48 h after admission.** Eleven studies used different threshold valu-
es for the Ranson criteria (other than three or more), ranging from more than three
to more than five.3234

Since the Atlanta symposium in 1992, many studies have identified new predictors of

severity and these have been incorporated in several guidelines. Such predictors
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include age (over 555 over 70% or over 80% years), obesity (body mass index over 30
kg/m2),112+37 pleural effusion (left or bilateral) on chest radiograph,®*° raised haema-

tocrit level*42 and C-reactive protein level greater than 150 mg/dl after 48 h.**4

ACTUAL SEVERITY
Of 297 articles providing definitions for severe acute pancreatitis, 195 defined seve-
re disease according to the Atlanta Classification, although 61 merely stated that the
Atlanta criteria were used without specification.**8 The remaining 102 articles used
definitions of severe disease other than those of the Atlanta Classification. These
definitions were based on admission to an intensive care unit, length of intensive
care unit or hospital stay, complications requiring medical or operative interventi-
on, mortality or various other, additional or non-specified criterial.”*% The authors
of 45 articles used the absence and presence of pancreatic necrosis broadly synony-
mously with mild and severe acute pancreatitis respectively.*’*%2 Some reports,
however, pointed out that patients with the morphological diagnosis of interstitial
pancreatitis may develop clinically severe disease.*453*

The relationship between the development of organ failure and pancreatic necrosis
(the most important determinants of severe acute pancreatitis) is contentious.
Several reports noted that only 51-55% of patients with pancreatic necrosis manifes-
ted organ failure.®*%’ In the study by Lankisch and colleagues,*® 15% of patients with
acute oedematous pancreatitis developed organ failure. In a recent study, organ fai-
lure was the main risk factor for mortality, regardless of the presence or absence of
pancreatic necrosis?®. Conversely, other studies showed a good correlation between
organ failure and the extent of pancreatic necrosis.!6:58.%

Finally, in 38 articles, the differentiation between ‘predicted severe’ acute pancreati-
tis (Ranson, Imrie or APACHE II score) and ‘actual severe’ disease (systemic or
local complications) was not apparent from the published data.!”?%° The difference
is important, because in recent studies less than 50% of patients with predicted seve-
re disease eventually turned out to have actual severe disease according to the
Atlanta criteria.?>% This lack of distinction may account for the variation in inciden-

ce of severe acute pancreatitis among institutions.
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ORGAN FAILURE
Criteria for organ failure were found in 149 articles. In 35 reports the exact Atlanta
definitions for organ failure were specifically stated and used.?*$162 Seven articles res-
tricted organ failure to two of the four Atlanta determinants for organ failure: respi-
ratory and renal insufficiency.*% However, 107 articles used additional criteria for
organ failure and systemic complications, such as leucocytosis, temperature, coagu-
lopathy, nervous system failure, hepatic failure, systemic inflammatory response
syndrome or sepsis, or used altered thresholds or adjustments for the Atlanta defi-
nitions of organ failure.?2%:7 The remaining articles gave no definition of organ fai-
lure, or simply noted that the Atlanta criteria were used, without specification.

In recent years, multiple organ failure has been acknowledged as a major determi-
nant of mortality. However, no uniform definition for multiple organ failure exists:
20 reports defined it as failure of two or more organ systems,?*4 and eight as fai-
lure of three or more organ systems,?*%¢% although most studies did not define mul-
tiple organ failure. The dynamic process of organ dysfunction is increasingly recog-
nized, and several authors differentiated. between transient and persistent organ fai-
lure.”*72 In addition, several studies showed that early and progressive organ failure
was associated with high mortality, but most patients with transient organ failure
had an uncomplicated course.”?’* The recent UK guidelines on acute pancreatitis
state that organ failure in the first week resolving within 48 h should not be conside-
red an indicator of severe disease.*®

Since 1993, several new organ failure grading systems have been developed (Goris
score, Marshall or multiple organ dysfunction score, Bernard score, Sequential
Organ Failure Assessment and logistic organ dysfunction syndrome score) that take
into account the number of organ systems involved and the degree of dysfunction
of each individual organ. Some systems also include the need for inotropic or vasop-
ressor agents, mechanical ventilation and dialysis that the Atlanta symposium did
not account for. Several studies have shown that dynamic scoring systems (such as
the delta APACHE 11 score) or scoring systems that account for the physiological
response to treatment (such as the delta organ failure score or cumulative Marshall

score) are better predictors of outcome than static scoring systems.?-27!
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LOCAL COMPLICATIONS
In a recent interobserver agreement study on the Atlanta definitions regarding the
various local complications, interobserver agreement was poor: five radiologists
agreed on the respective Atlanta definition in only three of 70 collections depicted
by contrast-enhanced CT (CECT).?

Acute fluid collection

In 64 articles, a definition was given for an ‘acute fluid collection’. The following
terms were used to describe acute fluid collections: ‘(peri)pancreatic fluid collecti-
ons’,”>7 ‘peripancreatic effusions’,”® ‘extrapancreatic fluid collections’,**"# ‘imma-
ture pseudocyst’!$2 and ‘exudates’ > (Peri)pancreatic fluid collection was also used
as an overall descriptive term for all types of collection related to acute pancreati-
tis.83—85

In most reports, the differentiation between acute fluid collection and pseudocyst
was made after 4 weeks from onset of disease (as proposed by the Atlanta Classifica-
tion). In eight reports, however, a different time period was used as a criterion for
this distinction, varying from 3 weeks™#657 to 6%4% and even 8% weeks. Moreover,
they did not adequately describe whether acute fluid collections consisted of fluid
alone or whether they may have contained necrotic debris.359192

Authors of 17 articles regarded the occurrence of an acute fluid collection to be a
local complication and so a sign of ‘severe disease’.*:529 However, most others did
not include acute fluid collection either in the definition of local complication or in

that of severe disease.

Pancreatic necrosis

Of 152 articles that gave a specific definition for ‘pancreatic necrosis’ or ‘necrotising
pancreatitis’ (FIGURE 3.1), 47 used the Atlanta criterion of more than 80% parenchy-
mal necrosis to define necrotising pancreatitis.?#:% However, 85 defined necroti-
sing pancreatitis as any evidence of pancreatic parenchymal necrosis (including less
than 30% parenchymal necrosis).*”%% A third definition of necrotising pancreatitis,
reported in 20 papers, was the appearance of pancreatic necrosis or extrapancreatic
necrosis, or both, on CECT (and a serum C-reactive protein value of more than 150
mg/dl) 528697
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FIGURE §.I.(A, B) Contrast-enhanced CT of a patient with acute pancreatitis 22 days after onset of
symptoms. There is normal enhancement of the body and tail of the pancreas, surrounded by a large
heterogeneous and encapsulated fluid collection with gas bubbles suggestive for secondary infection.
Some would call this ‘necrotising pancreatitis’, but because there is no evidence for pancreatic
parenchymal necrosis (but only ‘peripancreatic necrosis’), others would call this ‘interstitial
pancreatitis’. A large amount of fat necrosis was debrided during operation. (C) Six months after

operation, a follow-up CT reveals a normal enhancing pancreatic parenchyma.
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In the Atlanta Classification, the definition of pancreatic necrosis requires pancreatic
parenchymal nonenhancement on CECT.* However, some clinicians questioned
whether non-enhancement on CECT meant irreversible damage and necrosis.?%%
For instance, Traverso and Kozarek® defined pancreatic necrosis as devitalised tissue
found at operation. This was supported by Takeda and colleagues,'®1%? who noted
that pancreatic parenchymal perfusion was maintained during intraarterial angiogra-
phy, while CECT showed pancreatic nonenhancement. In contrast, several studies
demonstrated a good correlation between parenchymal non-enhancement on
CECT and the presence of pancreatic necrosis (confirmed at operation).!031%

Data on the accuracy of CECT in diagnosing extrapancreatic or peripancreatic fat
necrosis are conflicting. Although eight groups claimed that fat necrosis could not
be determined reliably by CECT,%1%197 several studies demonstrated a good cor-
relation between extrapancreatic findings on CECT and the presence of fat necro-
sis at operation or autopsy.!0*108.109

The Atlanta Classification includes both infected and sterile necrosis within the defi-
nition of ‘pancreatic necrosis’.* Several groups claimed that pancreatic parenchymal
necrosis without infection is not amajor morbidity risk.!'*!? This was supported by
studies showing an uncomplicated course in the presence of necrosis without infec-
tion.2%:% Beger and colleagues®"!!* were the first to emphasize that necrosis is a
potential nidus for secondary infection occurring in 40-70% of patients. Recent stu-
dies confirmed this, demonstrating infected necrosis as the primary cause of late
mortality.’8114115 However, definitions of ‘infected necrosis’ were also conflicting.
Some authors regarded the presence of parenchymal necrosis as a prerequisite for
the diagnosis of infected necrosis,!!8 but others defined infected necrosis as infec-
tion that could occur in parenchymal necrosis or peripancreatic fat necrosis (in

other words, in the absence of parenchymal necrosis), or both. 6776119

Pseudocyst

A specific definition for the term ‘pseudocyst’ was provided in 87 articles, and all
were similar to that of the Atlanta Classification. Some controversies, however,
remain. Thirty-eight articles included collections containing both fluid and necrotic
debris under the heading of pseudocyst (F1GURE 2).120122 Yet Baron'?® and others®124

have stated that pseudocysts should be devoid of solid necrotic debris. Evidence has
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FIGURE §.2. Contrast-enhanced CT of a patient with acute pancreatitis 30 days after onset of
symptoms. The fluid collection seems to be homogenous and encapsulated and could be interpreted as
a ‘pseudocyst’ according to the Atlanta classification. During operation, however, the collection turned

out to contain large amounts of necrotic debris which was not recognized on CT.

shown that therapeutic strategy and outcome differed between collections contai-
ning fluid alone and those containing necrosis and fluid.#125126 Bradley'*” conside-
red that mischaracterization of (peri)pancreatic fluid collections as pseudocyst by
CECT was an extremely common error in contemporary diagnostic radiology.
This mischaracterization has two potentially dangerous consequences: first, by
instrumentation of a sterile collection containing both fluid and necrosis, infection
may be introduced6,'**1?; second, a delay in appropriate intervention may
OCCLT 38120120

The incidence, natural history and options for management differed between acute
and chronic pseudocysts. Several authors emphasized that the results of treatment
of pancreatic fluid collections in the literature were difficult to interpret, because
often no distinction was made between pseudocysts and acute fluid collections, or
between pseudocysts that complicated acute and chronic pancreatitis.!22128.130
Thirty-one original articles on the treatment of pseudocysts were reviewed but only
five dealt exclusively with pseudocysts after an episode of acute pancreatitis.?120131
The remaining 26 articles reported results of the treatment of pseudocysts compli-

cating acute and chronic pancreatitis.!?!132133
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FIGURE 3.3. Contrast-enhanced CT of a patient with AP 36 days after onset of symptoms. The body
and tail of the pancreas are largely non-enhancing. Adjacent to the pancreatic bed is a large collection
with predominately fluid like attenuation. Because of the gas bubbles some would call this a ‘pancreatic

abscess’ whereas others would name this ‘infected pancreatic necrosis’.

Pancreatic abscess

Some 68 articles provided a definition of ‘pancreatic abscess’, which was generally
in line with the original Atlanta definition. Nine original articles after 1993 were
identified that reported on the treatment of ‘pancreatic abscesses’, and the Atlanta
definition (collection of pus and virtually no necrotic debris, more than 4 weeks after
onset) was strictly applied in three of these.’**13 The others included collections that
contained, in addition to pus, solid necrotic debris'*’!* or that were treated within
4 weeks of onset of disease'* or after surgery.'*!.142

The diagnosis of pancreatic abscess on CECT is also controversial. In ten articles, the
‘air bubble’ phenomenon was considered ‘diagnostic of a pancreatic abscess’.9143.144
In 31, however, gas bubbles in a heterogeneous collection on CT were regarded as
highly indicative of infected pancreatic necrosis (FIGURE 3.3).52%71% Varying hypo-
theses exist on the aetiology of pancreatic abscess. Some authors considered ‘posta-
cute pseudocysts’ and pancreatic abscesses as late consequences of necrotising pan-
creatitis.!*¥8 In contrast, others maintained that pancreatic abscesses occurred
exclusively in interstitial pancreatitis with a normal enhancing pancreas on
C E C T'117,149,150
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Apart from ‘infection of a pseudocyst’, several authors hypothesized that pancreatic
abscesses evolved from progressive liquefaction of necrotic pancreatic and peripan-
creatic tissues, in time resulting in complete liquefaction.”!23151 According to the
Atlanta Classification, most pancreatic abscesses arise at least 4 weeks after onset of
symptoms*, although others diagnose ‘pancreatic abscesses’ after 1,°0:152 2158.15¢ o
386146147 weeks. Interestingly, when performing operative necrosectomy several
months after the onset of severe acute pancreatitis, Morgan and colleaguesl0,
Howard and Wagner'%® and others'® observed different degrees of liquefaction of
necrotic tissue. Several authors acknowledged this evolving process, and they post-
ulated that a collection may represent a transitional entity from (infected) pancrea-
tic necrosis to an (infected) pseudocyst or pancreatic abscess, as they encountered

both pus and necrotic debris in these (infected) collections.”!21%

GUIDELINES
The greatest discrepancies in the 12 guidelines®>3643.148.157165 on acute pancreatitis
related to the definitions of organ failure and those of predicted severe disease.

These are summarized in TABLE §.2.

DISCUSSION

The present review has demonstrated that the Atlanta definitions of severity and
local complications of acute pancreatitis are being used inconsistently, and that
several components of the classification have received considerable criticism. By
providing definitions, the result of consensus by over 40 experts based on the data
available in 1992, the Atlanta symposium improved themanagement of acute pan-
creatitis and clinical research relating to the condition.

However, the past 20 years have seen not only new insights in pathophysiology and
therapeutic strategies but also improved imaging techniques. Clearly, the time has
come to revise the classification of acute pancreatitis. The various predictive scoring
systems have not improved substantially since the Atlanta symposium. They are
only moderately accurate in predicting severe disease in an individual patient. As
McKay and Imrie'®® have noted, predictive systems were developed initially to allo-
cate patients within clinical trials and not to assess severity in an individual. Defining

severity based on the presence or absence of organ failure also has its limitations. It
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TABLE §.2. Overview of definitions for organ failure and predicted severe acute pancreatitis in

guidelines for acute pancreatitis published after 1993

Guideline

Definitions for organ failure

Definitions for predicted severe acute pancreatitis

ACG 19977

UK 1998158

SSAT 199859
Santorini 19991

French 20003¢

WCG 20023°

IAP 2002
JSAEM 200262

46

Refers to Atlanta Classification 1992

Refers to Atlanta Classification 1992

Not addressed
Not addressed

Renal failure: creatinine >170 pmol/I
Shock: systolic BP<90 mmHg despite
fluid replacement

Pulmonary insufficiency:

Pa 0260 mmHgon room air

Glasgow Coma Score <13

Platelets <80 g/I

SIRS

=1 vital organ dysfunction

ARDS

Renal failure: increased serum
creatinine >0.5 mg/dl (44 pmol/1)
or 50% above baseline or reduction in
calculated creatinine clearance >50%
or need for dialysis

Hypotension: mean arterial

pressure <60 mmHg

DIC

Acute adrenal insufficiency

Acute hepatitis

Metabolic encephalopathy

lleus

Not addressed

Not addressed

Ranson score 23 after 48 h
APACHE Il score >8 after 48 h
Ranson/Glasgow =3
CRP > 210 mg/I (first 4 days) or >120 mg/I at 1 week
APACHE Il score 29 (severe acute pancreatitis) or
>6 (includes all severe cases, but PPV of 50%)
Not stated
BMI >30 kg/m?
Pleural effusion
APACHE Il score 26 (at 24 h)
APACHE (obesity) score 26
CRP >150 mg//!|
At admission
Age >80 years
BMI >30 kg/m2
Chronic renal failure
Pre-existing severe illnesses
At 24-48 h
Presence of organ failure by using simple
measures or use of scoring system (e.g., SOFA)
Ranson/Imrie score >3
CECT: (T severity index 24 (48-72 h)
CRP >150 mg/I
Note: The non-specific scores (APACHE I, SAP i, etc)
arenot recommended by the Jury
At admission
Age >70 years
Clinical assessment
BMI >30 kg/m?
Pleural effusion/infiltrates
CECT: >30% non-enhancement of the pancreas
APACHE 11 score =8
Presence of organ failure
At 24-48 h
Clinical assessment
Glasgow score (no cut-off value provided)
CRP >150 mg/|
Presence of organ failure

Not stated: surgical guideline

Clinical signs

CRP (48 h: no cut-off value provided)

BMI (no value provided)

CECT: necrosis

Scoring system, like JMHW, APACHE Il at 24 h or
Ranson/Glasgow at 24-48 h: no cut-off values
provided

Japanese score 22
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Nathens 200448

UK 2005*

ACG 2006°

JSAEM 200664165

Refers to the guidelines for intensive care
unit admission, published in 199963

Refers to Atlanta Classification 1992

Refers to Atlanta Classification 1992

Note: Criteria of organ failure will change
in the future: gastrointestinal bleeding will
undoubtedly be deleted

Pulmonary insufficiency: dyspnoea

Shock

Central nervous system disorders
Bleeding tendency

Negative base excess failure: rise of blood
urea nitrogen level and creatinine level

CHAPTER

Elderly (age not specified)

BMI >30 kg/m?

Patients requiring ongoing volume resuscitation
CECT: >30% non-enhancement of the pancreas
Clinical assessment

Note: Disease-specific scoring systems or severity
scores are useful adjuncts to identify patients at
high risk of a complication, but should not replace
serial clinical assessments. In addition, there is a
recommendation against the use of markers such
as CRP or procalcitonin to quide clinical decision

3

making or predict clinical course of acute pancreatitis

or to triage patients
At admission

Clinical assessment

BMI >30 kg/m?

Pleural effusion

APACHE score >8
At 24-48 h

Clinical assessment

Glasgow score 23

APACHE Il score >8

Persistent organ failure for 48 h (especially

if multiple and progressive)

CRP >150 mg/!
Note: Organ failure present within 1 week, which
resolves within 48 h, should not be considered an
indicator of a severe attack of acute pancreatitis
At admission

Age >55 years

BMI >30 kg/m?

Presence of organ failure

Pleural effusion/infiltrates
24-48 h
APACHE Il score 28
Serum haematocrit 244%
Note: Ranson signs are no longer advocated, due
to a comprehensive evaluation of 110 studies that
concluded that Ranson signs provided very poor
predictive power of severity of acute pancreatitis
Japanese score =2

ACG, Practice Parameters Committee of the American College of Gastroenterology; APACHE, Acute Physiology And Chronic Health Evaluation;
UK, Working Party of the British Society of Gastroenterology, Association of Surgeons of Great Britain and Ireland, Pancreatic Society of Great
Britain and Ireland, and Association of Upper GI Surgeons of Great Britain and Ireland; CRP, C-reactive protein; PPV, positive predictive value;
SSAT, Society for Surgery of the Alimentary Tract; Santorini, Santorini Consensus Conference; BMI, body mass index; French, French Consensus
Conference on Acute Pancreatitis; BP, blood pressure; Pa02, arterial partial pressure of oxygen; SOFA, Sequential Organ Failure Assessment;
CECT, contrast-enhanced computed tomography; SAP, Simplified Acute Physiology; WCG, World Congress of Gastroenterology; SIRS, systemic
inflammatory response syndrome; ARDS, adult respiratory distress syndrome; DIC, disseminated intravascular coagulation; IAP, International
Association of Pancreatology; JSAEM, Japanese Society of Emergency Abdominal Medicine; JMHW, Japanese Ministry of Health andwelfare;
Nathens, Consensus Statement regarding the management of the critically ill patient with severe acute pancreatitis.
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is increasingly recognized that persistent organ failure (for more than 48 h) is the
most important determinant of morbidity and mortality, which are predominantly
related to the number of organ systems failing, the degree of dysfunction of the
organs involved and the duration of organ failure.

The definition of necrotising pancreatitis is controversial because it incorporates
both sterile and infected necrosis, and covers both pancreatic parenchymal necrosis
and peripancreatic fat necrosis. Interpretations of pseudocyst and pancreatic
abscess vary widely because necrotic debris within these collections is often not
accounted for. This might be explained by the incapacity of CECT to detect necro-
tic debris in collections predominantly containing fluid, and its incapacity to discri-
minate between sterile and infected collections.”!%1292167 Although magnetic reso-
nance imaging (MRI) and (endoscopic) ultrasonography may be of additional value
in classifying these collections,'®16816% their applicability in severely ill patients has
been questioned.*!17

Although the Atlanta Classification incorporates a pathological and morphological
description of different local complications, it does not provide exact radiological
criteria for each. The recently demonstrated poor interobserver agreement on the
Atlanta Classification of local complications® highlights the need for new descripti-
ve morphological terms to describe CECT findings. The existing radiological gra-
ding system, the CT severity index, is a numerical scoring system that combines
quantification of extrapancreatic changes with the extent of pancreatic necrosis.?
Although the CT severity index has clear prognostic value with regard to morbidi-
ty and mortality,?17117* it does not characterise the local complications of acute pan-
creatitis.

Much of the persisting controversy over the natural course of (peri)pancreatic col-
lections is due to a lack of prospective data from large patient series. The authors of
this review, therefore, advocate a collaborative international study to clarify patho-
physiology, natural course and optimal management of (peri)pancreatic collections.
The present review has aimed to give an overview of the controversies regarding the
Atlanta Classification in the literature. There are virtually no studies addressing the
validation of the definitions proposed by the Atlanta Classification. Consequently,
hardly any original data on this topic are available to analyse. This review, therefo-

re, has merely categorized applications and interpretations of the Atlanta definiti-
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ons. Correct terminology and standardized definitions are important for adequate
communication in clinical practice and for comparing interinstitutional data for cli-
nical research. The continuing failure to use standardized definitions for predicted
and actual severe acute pancreatitis, organ failure and the local complications, and
the heterogeneity of inclusion criteria of patients in clinical trials, have hampered
the progress of evidence-based recommendations. This review has identified many
studies that have improved insight into the natural course of the disease. These new
insights should be used to design a new classification.

The authors propose the following recommendations for revision of the classificati-
on of acute pancreatitis. First, the diagnosis should incorporate two of the following
three items: upper abdominal pain, amylase and/or lipase levels at least three times
the upper limit of normal (as this cutoff is used most frequently in the literature),
and CT or MRI findings compatible with acute pancreatitis. Second, persistent
organ failure (for at least 48 h) should have an important role in defining severity of
acute pancreatitis. Third, it should be decided which predictive scoring system(s),
including cut-off value, should be used to define predicted severe acute pancreatitis,
based on a systematic review of the available data. Fourth, future studies should
always make a clear distinction between predicted severe and actual severe disease,
with a posteriori validation of the disease severity. Fifth, a systematic review should
demonstrate which organ failure scoring system should be used, and definitions for
organ failure should take into account the number of organ systems failing, the dura-
tion (less or more than 48 h) of organ failure, and the need for specific therapy (such
as inotropic or vasopressor agents, mechanical ventilation and dialysis). Sixth, peri-
pancreatic fat necrosis without pancreatic parenchymal necrosis should be regarded
either as a separate entity or as necrotising pancreatitis. Seventh, infected necrosis
should be regarded as a separate entity. Eighth, a term should be appointed for
encapsulated collections containing both fluid and necrotic debris. Ninth, in order
to diagnose a collection that contains fluid only (such as pseudocyst), MRI or
(endoscopic) ultrasonography should be performed first to exclude necrotic debris
in the collection. Tenth, a new set of descriptive morphological terms should be
designed to describe local complications on CT. Such a new classification system
should be evaluated in high-quality interobserver and prospective clinical studies.

Adjustments should be made every few years, based on new data. Most important-
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ly, clinicians and radiologists worldwide should comply with the new classification
in clinical practice and research. Progress in the field of acute pancreatitis is hampe-
red greatly when various author groups use their own idiosyncratic definitions.
When journal referees are requested to peer-review manuscripts, they should pay

special attention to the correct use of definitions as defined by a new classification.
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ABSTRACT

BACKGROUND

The current terminology for describing peripancreatic collections in acute pancrea-
titis (AP) derived from the Atlanta Symposium (e.g., pseudocyst, pancreatic abscess)
has shown a very poor interobserver agreement, creating the potential for patient
mismanagement. A study was undertaken to determine the interobserver agreement

for a new set of morphological terms to describe peripancreatic collections in AP,

METHODS An international, interobserver agreement study was performed: 7 gast-
rointestinal surgeons, 2 gastroenterologists, and 8 radiologists in 3 US and 5 Euro-
pean tertiary referral hospitals independently evaluated 55 computed tomography
(CT) scans of patients with predicted severe AP. Percentage agreement (median,
interquartile range [IQR]) for 9 clinically relevant morphological terms was calcula-
ted among all reviewers, and separately among radiologists and clinicians.
Percentage agreement was defined as poor (<0.50), moderate (0.51-0.70), good (0.71-
0.90), and excellent (0.91-1.00).

RESULTS
Overall agreement was good to excellent for the terms ‘collection’ (percentage
agreement=1; IQR 0.68-1), ‘relation with pancreas’ (1; 0.68-1), ‘content’ (0.88; 0.87-
1), ‘shape’ (1; 0.78-1), ‘mass effect’ (0.78; 0.62-1) ‘loculated gas bubbles’ (1; 1-1), and
‘air-fluid levels’ (1; 1-1). Overall agreement was moderate for ‘extent of pancreatic
nonenhancement’ (0.60; 0.46-0.88) and ‘encapsulation’ (0.56; 0.48-0.69). Percentage
agreement was greater among radiologists than clinicians for ‘extent of pancreatic
nonenhancement’ (0.75 vs. 0.57, P=0.008), ‘encapsulation’ (0.67 vs. 0.46, P= 0.001),
and ‘content’ (1 vs. 0.78, P=0.008).

CONCLUSION
Interobserver agreement for the new set of morphological terms to describe peri-
pancreatic collections in AP is good to excellent. Therefore, we recommend that
current clinically based definitions for CT findings in AP (e.g., pancreatic abscess)

should no longer be used.
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INTRODUCTION

Severe acute pancreatitis is associated with a wide spectrum of pathological changes
in the pancreatic and peripancreatic region. Changes can include pancreatic gland
necrosis and/or various types of intra-abdominal collections containing fluid and
peripancreatic fat necrosis.! Secondary infection of necrosis and these collections is
often an indication for operative intervention and increases mortality to almost
30%.? Contrast-enhanced computed tomography (CT) is the imaging study used
most widely to describe these pathological changes.?® Clear communication and
agreement on CT findings is crucial, because the choice of treatment (conservative
management, percutaneous catheter drainage and necrosectomy by laparotomy or
minimally invasive approach) hinges heavily on how surgeons, gastroenterologists
and radiologists interpret CT findings. The decision for operative or radiological
intervention is determined by the characteristics of the collections, such as the con-
tents (fluid or solid) and microbial status (sterile or infected).?3%% Miscommunica-
tion can put the patient at risk by initiating an inappropriate treatment algorithm.”
The need for precise descriptions of the many different types of peripancreatic col-
lections in acute pancreatitis was recognized in the early 1990s, resulting in the wide-
ly used Atlanta Classification.® While this work represented a very important contri-
bution, over the ensuing 15 years, it has become apparent that the clinically based
definitions suggested by this symposium, such as ‘pseudocyst’ and ‘pancreatic
abscess’, lead to confusion in both daily practice and clinical research. This confusi-
on frequently results in errors in diagnosis and management and misinterpretation
of communications.2*! Critics state that the Atlanta definitions do not accurately
represent collections containing both liquid and solid material (i.e., pancreatic
parenchymal necrosis and peripancreatic fat necrosis)?!'%, yet these types of collec-
tions comprise the vast majority of collections in severe acute pancreatitis. This con-
cern was substantiated in a recent interobserver study on the use of the Atlanta defi-
nitions for describing peripancreatic collections on CT, which demonstrated very
poor agreement between 5 expert radiologists.!* Currently, an international working
group is consulting the members of several international pancreatic associations to
reach consensus on a revised classification of acute pancreatitis. It has been formal-
ly recognized that this classification should incorporate objective, morphological cri-

teria for describing peripancreatic collections on CT.1%1
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FIGURE 4.I. Scoring sheet using the descriptive morphological terms for this study. (The descriptor

headings form the acronym PANCODE: Pancreatic Nonenhancement, Collection Descripition).

ACUTE PANCREATITIS: NEW FRONTIERS IN DIAGNOSIS AND TREATMENT




DESCRIBING PERIPANCREATIC COLLECTIONS USING MORPHOLOGIC TERMS CHAPTER 4

Therefore, for the present study, a new set of descriptive, morphological terms were
Formulated by an international group of surgeons and radiologists. The objective of
this study was to test the interobserver agreement between clinicians (surgeons and
gastroenterologists) and radiologists in different parts of the world in reading the
same CTs of patients with severe acute pancreatitis using these new morphological
descriptors. This study provides data for the ongoing international effort to revise

the Atlanta Classification.!*

METHODS

An international panel of pancreatic surgeons and radiologists designed a scoring
sheet with a set of descriptive, morphological terms to classify peripancreatic collec-
tions on CT in severe acute pancreatitis (FiIGURE 4.1). Definitions for the descripti-
ve terms were not provided, because the aim was to test the interobserver agree-

ment using only the objective, descriptive terminology.

STUDY POPULATION
In order to test the proposed descriptive, morphological terms, contrast-enhanced
CTs from patients with predicted severe acute pancreatitis were collected. One
experienced radiologist (T.L.B.) reviewed all CTs of 248 patients with predicted
severe acute pancreatitis that were included in a Dutch randomised controlled mul-
ticentre trial.'® This study was approved by the independent ethics committees of
all 15 participating hospitals and informed consent for participation was obtained
from all patients. For each patient, a single radiologist determined the CT severity
index (CTSI). The CTSI is an accepted prognostic score quantifying pancreatic
and peripancreatic abnormalities.>>!7 The greater the score (range 0-10 points), the
greater the risk of complications and death.'” All CTs were high quality, contrast-
enhanced and obtained during the portal venous phase. From these 248 patients, 55
CTs were included to cover the entire clinical spectrum of acute pancreatitis, with
emphasis on severe disease (i.e., with pancreatic and/or peripancreatic collections).
In order to rule out selection bias, CT selection occurred according to the following
predefined and reproducible criteria: the last CT before percutaneous drainage or
discharge in the first 30 consecutive patients that did not have operative therapy (5
patients with a CTSI of 1-2, 5 patients with a CTSI of 3-4, 5 patients with a CTSI of

ACUTE PANCREATITIS: NEW FRONTIERS IN DIAGNOSIS AND TREATMENT 69



PART I DIAGNOSIS OF ACUTE PANCREATITIS AND LOCAL COMPLICATIONS

5-6, and 15 patients with a CTSI of 7-10), and the last preoperative CT of the first 25
consecutive patients that had operative therapy for infected necrosis (irrespective of
CTSI). Median time [interquartile range (IQR)] between admission and CT was 18
(9-32) days. A total of 33/55 patients had infected necrosis as proven by bacterial cul-
ture (requiring operative therapy n=25, or only percutaneous drainage n=8).
Mortality was 16% (9/55).

PARTICIPATING CENTRES
The following 3 US and 5 European tertiary referral hospitals participated:
 Brigham and Women’s Hospital, Harvard Medical School, Boston, Mass., USA
~ Mayo Clinic, Rochester, Minn., USA

= University of Washington Medical Center, Seattle, Wash.,USA

 University Medical Center Utrecht, The Netherlands

~ Academical Medical Center, Amsterdam, The Netherlands

= Erasmus MC University Medical Center Rotterdam, The Netherlands

~ University of Heidelberg, Heidelberg, Germany

~ Royal Liverpool University Hospital, Liverpool, UK

Seven gastrointestinal surgeons, 2 gastroenterologists and 8 hepato-pancreato-bilia-
ry radiologists acted as blinded reviewers, 1 clinician and 1 radiologist in each cen-
tre. In 1 centre (Mayo Clinic), 2 clinicians participated. All reviewers are considered
experts in acute pancreatitis. Four of the 17 reviewers (2 radiologists and 2 surgeons)
participated in the generation of the scoring sheet. Conversely, 13 reviewers were
naive to the scoring sheet and did not receive any form of training prior to revie-

wing the CTs for this study.

DATA COLLECTION
Two investigators visited each centre and had separate meetings with the clinicians
and radiologists. In a single session, each reviewer evaluated individually the 55 digi-
tal CTs using DICOM viewer software (version 3.116, Acculite, San Francisco, Calif,,
USA) and completed the scoring sheet for each CT (r1cURE 4.1). The investigators
briefly explained the scoring sheet and software to the reviewers but did not coach

the reviewers during the review process in any way. The reviewers were blinded to
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the clinical background and timing of the CT. In the case of multiple collections, the
reviewer was asked to describe the most prominent collection. Data from the sco-
ring sheets were entered into a database by 1 investigator and 1 independent data
manager, separately. Discrepancies were solved by a third investigator using the ori-

ginal scoring sheets.

DATA ANALYSIS
For each item on the scoring sheet, the distribution (i.e., 20 and 80%) of options (i.e.,
‘yes’ and ‘no’) within the 55 CTs was assessed for each of the reviewers individually.
The median distribution of options (IQR) is shown for radiologists and clinicians
separately as well as for all reviewers. Subsequently, the percentage agreement for
each scored item was determined. The percentage agreement was defined as the
number of reviewer combinations (e.g., reviewer 1 vs. reviewer 2, reviewer 1 vs.
reviewer 3) in agreement (i.e., choosing the same option, e.g. collection: ‘yes’) divi-
ded by the total number of possible reviewer combinations (n=153).1¥ The percenta-
ge agreement was calculated for each of the 55 CTs individually; the median of the
percentage agreement (IQR) is shown for clinicians and radiologists separately and
for all reviewers. A percentage agreement of 0.91-1.00 was defined as excellent
agreement, 0.71-0.90 as good agreement, 0.51-0.70 as moderate agreement and
<0.50 as poor agreement. When the percentage agreement was <0.71, an explorato-
ry analysis was performed to assess whether combinations of options resulted in gre-
ater agreement. The percentage agreement was compared between clinicians and
radiologists using the Wilcoxon signed-rank test. P>0.05 was considered statistical-

ly significant.

RESULTS

The distribution of the scored options within the 55 CTs is shown in TABLE 4.1.
According to the reviewers, the vast majority of CTs showed pancreatic nonenhan-
cement (84%) with collections (median 96%) that were intrapancreatic and adjacent
(78%) to the pancreas. In most of the CTs, the reviewers concluded that the collec-
tions were encapsulated (either partially or completely; 88%), heterogeneous (95%),
with mass effect (80%) and were irregularly shaped (89%). Loculated gas bubbles

were scored in 24% of CTs, while an air-fluid level was deemed present only in 5%
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TABLE 4.1. Distribution of the options of the scored descriptive terms within 55 CT scans of

patients with predicted severe acute pancreatitis (not interobserver agreement)

Term Radiologists Clinicians All
Extent of pancreatic nonenhancement

0% 25 (16-29) 12 (7-20) 16 (13-27)

<30 15 (14-19) 23 (15-25) 18 (14-24)

30-50 14 (12-15) 16 (9-20) 15 (11-20)

>50 46 (42-51) 49 (49-53) 49 (44-53)
Presence of collection

yes 96 (95-99) 95 (91-96) 96 (95-98)

no 4 (1-5) 5 (4-9) 4 (2-5)
If presence of collection ‘yes’
Relation with pancreas

intrapancreatic only 2 (22) 2 (22) 2 (22)

intrapancreatic and adjacent 75 (70-80) 82 (76-89) 78 (73-84)

only adjacent to pancreas 18 (10-24) 13 (4-15) 15 (13-20)

separate 0 (0-0) 0 (0-2) 0 (0-0)
Encapsulation

complete 11 (9-20) 15 (5-31) 11 (7-24)

partial 47 (40-52) 38 (33-51) 44 (35-51)

none 35 (26-40) 35 (27-42) 35 (27-42)
Content

homogeneous 2 (1-4) 2 (0-7) 2 (0-5)

heterogeneous 95 (92-95) 93 (84-96) 95 (89-96)
Mass effect (on adjacent organs/ structures)

yes 83 (76-91) 75 (58-84) 80 (69-87)

no 13 (4-17) 18 (13-29) 16 (9-29)
Shape

round/ oval 9 (5-10) 4 (2-11) 9 (2-11)

irregular 89 (85-91) 89 (84-96) 89 (84-93)
Loculated gas bubbles

yes 24 (23-24) 22 (22:25) 24 (2224)

no 72 (71-76) 73 (71-75) 73 (71-75)
Air-fluid level

yes 8 (5-12) 4 (2-5) 5 (4-7)

no 87 (83-93) 91 (91-93) 91 (84-93)

Values are median (IQR) percentages within the 55 CT studies. Percentages may not sum up to 100, because values are

medians, and data are missing when the option ‘no collection” was chosen.
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TABLE 4.2. Percentage agreement among 17 reviewers for scored descriptive terms within 55 CT

scans of patients with predicted severe acute pancreatitis (interobserver agreement)

Term Radiologists Clinicians All P value®
Extent of pancreatic

nonenhancement 0.75 (0.46-1) 0.57 (0.44-0.78) 0.60 (0.46-0.88) 0.008
Presence of a collection 1 (1-1) 1 (1) 1 (1-1) 0.15
Relation with pancreas 1 (0.75-1) 1 (0.62-1) 1 (0.68-1) 0.55
Encapsulation 0.67 (046-0.75)  0.46 (0.36-0.61) 0.56 (0.48-0.69) 0.001
Content 1 (1-1) 0.78 (0.78-1) 0.88 (0.87-1) <0.0001
Mass effect 1 (0.71-1) 0.78 (0.50-1) 0.78 (0.62-1) 0.01
Shape 1 (0.75-1) 1 (0.78-1) 1 (0.78-1) 0.39
Loculated gas bubbles 1 (1-1) 1 (1) 1 (1) 0.24
Air-fluid level 1 (1-1) 1 (1) 1 (1) 0.06

Values are median (IQR).

*Wilcoxon signed rank test: radiologists vs. clinicians.

A percentage agreement of 0.91-1.00 is excellent agreement; 0.71-0.90 good agreement; 0.51-0.70, moderate agreement;

and <0.50 poor agreement.

Similar outcomes (e.g., 1 [1-1]) may not lead to similar P value since the range represents IQR.

FIGURE 4.2. One of the 55 CT scans reviewed in this interobserver agreement study. The vast

majority of reviewers described this CT as >50 pancreatic nonenhancement, with an intrapancreatic

and adjacent collection which is encapsulated (either partially or completely), heterogeneous, with mass

effect, an irregular shape, and without loculated gas bubbles or an air fluid level.
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of CTs. One of the CTs that were reviewed is shown in FIGURE 4.2.

The percentage agreement for the descriptive terms is shown in TABLE 4.2.
Agreement among clinicians was excellent for collection, relation, shape, loculated
gas bubbles, and air-fluid level; it was good for content and mass effect, moderate
for encapsulation and poor for pancreatic nonenhancement. Among radiologists,
agreement was excellent for collection, relation, content, mass effect, shape, locula-
ted gas bubbles, and air-fluid level; it was good for extent of pancreatic nonenhan-
cement and moderate for encapsulation. Agreement among all reviewers taken
together was good to excellent for all items, except for extent of pancreatic nonen-
hancement and encapsulation, which were only moderate. However, when in the
exploratory analysis the extent of pancreatic nonenhancement option 1 (0%) and
option 2 (<30%) were combined, the agreement (median percentage agreement;
IQR) was good among all reviewers (0.88; 0.52-1), good among clinicians (0.78; 0.44-
1) and excellent among radiologists (1; 0.75-1). When encapsulation option 1 (com-
plete) and option 2 (partial) were combined, the percentage agreement was good
among all reviewers (0.78; 0.65-0.88) and clinicians (0.71; 0.56-1), and excellent
among radiologists (1.0; 0.69-1). For the extent of pancreatic nonenhancement,
encapsulation, content, and mass effect, the percentage agreement was greater

among radiologists than among clinicians (P<0.05; TABLE 4.2).

DISCUSSION

This multidisciplinary, international interobserver study showed good to excellent
interobserver agreement when peripancreatic collections in severe acute pancreati-
tis were described using a new set of descriptive, morphological terms. This study
was a follow-up to a similar interobserver study that showed very poor interobser-
ver agreement for the widely used Atlanta Symposium terminology (e.g., ‘pseudo-
cyst’, ‘pancreatic necrosis’, ‘pancreatic abscess’).’® In the prior study, 5 experienced
radiologists agreed on the Atlanta definition in only 3 of 70 contrast-enhanced CTs.!®
These inconsistent and incongruent interpretations in large part led to the current
study, as well as the interest in developing a more accurate classification of acute
pancreatitis.'* The results of the present study demonstrate that, with the new set of
terms, it was much easier to obtain objective agreement among all physicians, in

contrast to the Atlanta definitions.
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Exploratory analysis led to an even greater interobserver agreement. In this analy-
sis, the combination of the first 2 options of encapsulation (complete and partial)
and extent of pancreatic nonenhancement (0 and <30%) is acceptable, because the
most important clinical differentiations are between (1) no encapsulation and some
encapsulation, and (2) no or little nonenhancement (<30%) and substantial nonen-
hancement (>30%). Notably, in the Atlanta Symposium, pancreatic nonenhance-
ment >30% was not even considered pancreatic necrosis.?

Interobserver agreement on several relevant terms was significantly greater among
radiologists than surgeons and gastroenterologists. This finding was not unexpected
given the noted expertise of radiologists in their field of practice. In contrast, the
managing clinicians are best at correlating the radiological findings with the clinical
condition in order to determine the appropriate treatment. The current data, there-
fore, highlight the need for a true, multidisciplinary team approach to severe acute
pancreatitis, both in terms of clinical care and research publications.

Why is this study relevant? Accurate multidisciplinary communication regarding
CT findings in severe acute pancreatitis is of considerable importance because deci-
sions on treatment depend on adequate radiological interpretation of peripancrea-
tic collections.'”! The descriptive terms used in this study each have clinical rele-
vance regarding the type and timing of (operative) intervention. For example, the
finding of pancreatic necrosis (extent of pancreatic nonenhancement) and collecti-
ons with peripancreatic fat necrosis (presence of a collection, heterogeneous con-
tent, relation with pancreas) would both be treated initially without percutaneous
drainage or operative intervention.*® When and if secondary infection occurs
(loculated gas bubbles), some form of intervention is generally indicated.!*+1¥ The
content of the peripancreatic collection (homogeneous, air-fluid level) can indicate
a collection with a fluid-predominant content, such that percutaneous drainage
would be performed initially and, if percutaneous drainage is unsuccessful, followed
by operative debridement.?3>1 The majority of peripancreatic collections, however,
tend to resolve without any intervention at all. These include collections referred to
by the Atlanta symposium as ‘acute fluid collections’, i.e. homogenous peripancrea-
tic collections occurring early on in the disease that have not formed any capsule
whatsoever and that do not contain gas bubbles or an air-fluid level® Whenever

intervention for collections with necrosis does seem necessary, delaying operative
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intervention until demarcation (encapsulation) is documented allows easier and
safer debridement,?>% possibly by endoscopic or minimally invasive operative
techniques.?2* Sterile collections causing gastric or biliary obstruction (mass effect)
are treated usually by percutaneous or endoscopic therapy.2>%12:21

One might wonder whether the radiological diagnoses (i.e., the descriptive terms
chosen by the reviewers) in this study really reflect the true morphological features
of the peripancreatic collections, because the results of the radiological decisions
were not correlated with clinical findings (e.g., operative findings). We explicitly
chose not to do this because the aim of this study was merely to determine the inter-
observer agreement of the descriptive terms, instead of their clinical relevance. The
tested terminology is commonly used in daily practice, and it is obvious that all
those caring for patients with acute pancreatitis should ‘speak the same language’.
Although the clinical relevance of the described terms seems obvious, the exact
magnitude of that relevance and, therefore, the impact on treatment decisions will
need to be the subject of future large prospective studies. It should be noted, howe-
ver, that the current terminology from the Atlanta Classification is also mostly based
on expert opinion, rather than evidence from clinical studies, and is neither used
reliably or accurately.!*!®

A limitation of this study is that Cohen’s kappa statistic could not be used because
of the substantial imbalance in distributions for the majority of terms (e.g., presen-
ce of collection, yes vs. no: 96% vs. 4%; TaBLE 4.1). In case of a substantial imbalan-
ce in the distribution, kappa values will be very low or even negative, while agree-
ment may still, in fact, be good.?” In such an event, the kappa statistic becomes mea-
ningless.? To present only kappa values for the terms without imbalance was consi-
dered not possible because there is no generally accepted cut-off value for defining
imbalance. Even though the percentage agreement is not a chance-adjusted measu-
re, the interobserver agreement in the present study was good, given the high valu-
es of percentage agreement demonstrated.

Because the reviewers in the present study were from centres renowned for their
experience in pancreatic disease, one might question how generalisable are the
results to the general community of surgeons and radiologists. It should be noted,
however, that the previous interobserver study using the Atlanta definitions between

a similar group of expert radiologists showed very poor interobserver agreement,'
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in contrast to the good to excellent agreement reported in the present study with
the new descriptors. Four of the 17 reviewers in the present study were involved in
designing the scoring sheet, and one might argue that this introduced bias.
However, when these 4 reviewers were excluded from the current analysis the inter-
observer agreement did not change (data not shown). Our findings are most likely
explained by the fact that the majority of the proposed morphological, descriptive
terms are used already in daily clinical practice by both clinicians and radiologists
and are considered intuitive and relatively easy to use. Nevertheless, despite the
strength of the current study it is our intent to direct our next prospective study to
further validation of the proposed descriptive, morphological terms and establis-
hing how generalisable they are. In summary, the overall interobserver agreement
using the proposed morphological terms when describing peripancreatic collections
in severe acute pancreatitis, is good to excellent. This study provides another piece
of important data in support of using more objective, descriptive, morphological
terms to describe CT findings in acute pancreatitis rather than the subjective

Atlanta Symposium terms (e.g., ‘pseudocyst’, ‘pancreatic abscess’).
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INTRODUCTION

Although several studies have addressed the timing of the onset of infected necrosis
in acute pancreatitis,'? data on bacteraemia and pneumonia are lacking. The aim of
this study was to determine the time of onset of infectious complications in acute
pancreatitis; to establish the association between infections (particularly bacterae-
mia and pneumonia) and death; and to determine the infection rate in patients who
died.

METHODS

This was a post hoc analysis of a prospective database of 731 patients with a prima-
ry episode of acute pancreatitis included in 15 hospitals of the Dutch Pancreatitis
Study Group in 2004-2007. Clinical data were available from a prospective databa-
se. All contrast enhanced computed tomography (CT) images were re-read by one
experienced radiologist to assess the presence of (peri)pancreatic necrosis and
determine the CT severity index.?

The presence and time of onset of bacteraemia, infected pancreatic necrosis, pneu-
monia (including ventilator acquired and that in non-ventilated patients) and persis-
tent organ failure and death were recorded. Mortality rates in patients with mild and
severe acute pancreatitis were calculated. The impact of infections was expressed in
terms of the percentage of deceased patients with an infectious complication.
Multivariable analysis was used to determine the impact of the different types of
infection on mortality. The associations between bacteraemia, risk of necrosis beco-

ming infected and death were also examined.

RESULTS

The clinical outcome of the 731 included patients is summarized in TaBLE 5.1. The
initial infection in 173 patients was diagnosed a median of 8 (interquartile range 3-
20) days after admission (infected necrosis, median day 26; bacteraemia/pneumo-
nia, median day 7). FiGURE 5.1. shows the time of diagnosis of the different types of
infection.

Eighty % of 61 patients who died had an infection. The mortality rate was higher in
patients with pneumonia (36% vs. 4.8%; P<0.001), bacteraemia (34.6% vs. 3.8%;
P<0.001), infected necrosis (30% vs. 5.1%; P<0.001) and pancreatic necrosis (23.4%
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TABLE §.I. Outcome of 731 patients with a first episode of acute pancreatitis

Outcome No. of patients®
Infectious complications (one or more) 173 (23.7)
Infected necrosis 98 (13.4)
Bacteraemia 107 (14.6)
Pneumonia 84 (11.5)¢
Organ failure 129 (17.6)
Persistent organ failure 115 (15.7)
Multiple organ failure 94 (12.9)
Persistent multiple organ failure 78 (10.7)
Intensive care admission 168 (23.0)
Intensive care stay (days)® 11 (3-31)
Hospital stay (days)® 12 (7-25)
Severe acute pancreatitis? 203 (27.8)
Death 61 (83)

a = with percentages in parentheses unless indicated otherwise
b = values are median (interquartile range)

¢ = including 49 instances of ventilator-acquired pneumonia

d = defined as organ failure and/or pancreatic necrosis

vs. 5.4%; P<0.001) when patients with each specific infection were compared with all
other patients in the study.

In 154 patients with pancreatic necrosis, bacteraemia was associated with increased
risk of infected necrosis (65% vs. 37.9%; P=0.002). In 98 patients with infected necro-
sis, bacteraemia was associated with higher mortality (40% vs. 16%; P=0.014), as was
pneumonia 40% vs. 21%; P=0.047). In multivariable analysis, persistent organ failu-
re (odds ratio [OR] 18.0), bacteraemia (OR 3.4) and age (OR 1.1) were associated
with death.

DISCUSSION

Half of all infections in patients with acute pancreatitis occurred within the first

week of admission and bacteraemia was identified as an independent predictor of
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FIGURE §.I. Time of diagnosis of pneumonia, bacteraemia and infected necrosis in 173 patients
during a first episode of acute pancreatitis. A patient with more than one separate infection may
be depicted several times (for example bacteraemia in week 1 and infected necrosis in week 4),
but only the initial infection is listed if there were multiple infections of the same type

(such as bacteraemia in week 1 and in week 3).

death. Bacteraemia was also associated with an increased risk of pancreatic necrosis
becoming infected.

The cultured pathogens point to the gut as the source of both bacteraemia and infec-
tion of necrosis. The statistical relationship between bacteraemia and infection of
necrosis does not automatically imply that the route of infection of necrosis is hae-
matogenous. Theoretically the gut bacteria could also have followed a transperito-
neal or lymphatic route, and become cultured from blood and necrotic pancreatic
tissue as a manifestation of systemic spread of the gut-derived bacteria.

As it is now clear that infections occur the first few days of acute pancreatitis, and
that this has a significant impact on mortality, prophylactic strategies should focus

on early intervention.
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INTRODUCTION

Animal and human studies suggest that a loss of the gut barrier function is instru-
mental in the the development of infectious complications during severe acute pan-
creatitis.'® A protective role of enteral nutrition (EN), compared with parenteral
nutritional (PN), in maintaining gut barrier function and reduction of bacterial
translocation has been demonstrated in a rat model of acute pancreatitis.* These
experimental findings, however, have not been convincingly supported by rando-
mised controlled trials. The latest guidelines of the American College of
Gastroenterology state that ‘it is reasonable to conclude that enteral feeding is safer and
less expensive than PN, but there is not yet convincing findings that there are major
improvements in morbidity and mortality of acute pancreatitis.®

We performed a systematic review and meta-analysis to compare the effect of ente-
ral versus parenteral nutrition in patients with severe acute pancreatitis for clinical-

ly relevant outcomes.

METHODS

A literature search was performed in the MEDLINE, EMBASE, and Cochrane
databases for articles published from January 1, 1966, until December 15, 2006. Full-
text articles were included in this systematic review if the title and/or abstract of the
article reported 1. an RCT study design; 2. a population of patients with predicted
severe acute pancreatitis 3. EN and PN interventions, and 4. at least 3 of the follo-
wing outcome variables: total infectious complications, pancreatic infections, need
for surgery, non-pancreatic infections, organ failure, and in-hospital mortality.
Information on study design, patient characteristics, and acute pancreatitis outco-
mes were independently extracted by two investigators using a standardized proto-
col. The methodological quality of the studies was assessed using the Jadad scoring
system (0-5 points).®

Meta-analysis for all outcome variables was performed with a random-effects model
as the most conservative. The presence of heterogeneity was assessed using the I*

measure, with an I” value greater than 20 indicating marked heterogeneity.
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Association measure

Study Year  ENgroup PN group Forest plot - RR (IV + t) Weight (%) with 95% CI
Kalfarentzos et al 1997 5/18 10/20 ol 6,30% 0,556 (0,234 to 1,318)
Gupta et al 2003 1/8 2/9 4,90% | 0,563 (0,062 to 5,094)
Louie et al 2005 1/10 7/18 |, 6,300 | 0,257 (0,037 to 1,803)
Eckerwall et al 2006 3/23 0/25 — 2,90% | 7,583 (0,413 to 139,315)
Petrov et al 2006 11/35 27/34 il 58,50% mmmmm 0,396 (0,236 to 0,665)
META-ANALYSIS: 21/94  46/106 ) ) ) ) , 100% i 0,468 (0,285 to 0,769)
0,01 0,1 1 10 100 1000

RR (log scale)

FIGURE 6.I. Forest plot for total infectious complications. CI indicates confidence interval;

EN, enteral nutrition; IV, inverse variance; PN, parenteral nutrition; and RR, risk ratio.

Association measure

Study Year  ENgroup PN group Forest plot - RR (IV + t) Weight (%) with 95% CI
Kalfarentzos et al 1997 1/18 2/20 12,00% 1 0,556 (0,055 to 5,622)
. | 0,
Louie et al 2005 0/10 3/18 14,40% u 0,247 (0,014 to 4,346)
Eckerwall et al 2006 1/23 0/25 P 12,000 1 3,25 (0,139 to 76,006)
Petrov et al 2006 2/35 12/34 ——— 52,00% ummm 0,162 (0,039 to 0,67)
META-ANALYSIS: 4/86 17/97 ) ) ) ) 100%  tmmwmwmmm 0,322 (0,106 to 0,98)
0,01 0,1 1 10 100

RR (log scale)

FIGURE 6.2. Forest plot for mortality. CI indicates confidence interval; EN, enteral nutrition;

1V, inverse variance; PN, parenteral nutrition; and RR, risk ratio.

RESULTS

From 253 publications screened, 5 randomised controlled trials in which 95 patients
were randomly allocated to the EN group and 107 to the PN group, met the inclu-
sion criteria.”!! All RCTs reached a Jadad quality score of 3. Outcome of the meta-
analysis was as follows: EN reduced the risk of infectious complications (risk ratio
[RR], 0.47; 95% confidence interval [CI], 0.28-0.77; P=0.001; /*=0.00), pancreatic
infections (RR 0.48; 95% CI 0.26-0.91; P=0.02; I°=0.00), need for surgical interventi-
on (RR, 0.37; 95% CI, 0.21-0.65; P=.001; I*=0.00) and mortality (RR 0.32; 95-% CI
0.11-0.98; P=0.03; I*=6.43). The risk reduction for organ failure was not statistically
significant (0.67; 0.30-1.52; P=0.34; 62.79). Forest plots for total infectious complica-

tions and mortality are shown in FicUres 6.1. and 6.2.
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DISCUSSION

This meta-analysis shows that EN, compared with PN, has important beneficial
effects in patients with predicted severe acute pancreatitis. However, our study has
several potential weaknesses. Variation occurred among the included trials in crite-
ria for predicted severe acute pancreatitis, time of start of feeding, and EN and PN
feeding formulas. Variation also occurred among the trials in terms of the location
of the feeding tube (i.e., nasogastric vs. nasojeujunal). At the same time, it is unlike-
ly that the difference between nasogastric and nasojejunal feeding would confound
the results because two recent trials showed no difference in the outcomes between
these approaches.'??® By its relatively high weight, the trial from Russia added much
information to the meta-analysis of infectious complications and mortality.” In con-
trast to other trials included, the statistical power of this particular study was ade-
quate for these outcomes, whereas no heterogeneity was found among trials in
terms of the risk of infectious complications.

Future trials should focus on different aspects of feeding methods, notably, the safe-
ty of nasogastric vs nasojejunal delivery of nutrients, the composition of enteral for-
mulations, and the optimal timing for initiation of feeding.

In conclusion, this meta-analysis has demonstrated strong evidence of the benefits
of EN over PN in patients with severe acute pancreatitis in terms of clinically rele-
vant and statistically significant reductions in the risk of infectious complications

and mortality.
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INTRODUCTION

Postoperative infectious complications, such as sepsis, are usually caused by the
patient’s own intestinal microbiota.! Despite widespread use of perioperative antibi-
otic prophylaxis, these infections remain a serious problem, causing substantial
morbidity associated with high costs. Antibiotic resistance is now a major issue, thre-
atening safety in many surgical wards throughout the world. Therefore, a new array
of safe and effective strategies to prevent infection in surgical patients is warranted.
With increasing evidence for the role of the patient’s own intestinal microbiota in
surgical infection, it seems logical that attention has shifted to prophylactic strate-
gies that act where it matters most: the gut. Prophylactic treatment with probiotics
might form such a strategy. Probiotics are non-pathogenic bacteria that, on delivery
to the host’s intestinal tract, can exert health-promoting effects. In the last decade,
numerous papers in various fields of medicine have been published on the use of
probiotics. It is apparent that this topic is no longer propagated only by a small num-
ber of ‘believers.” Extensive research on probiotics ranging from basic science to
large, well-designed, randomised, controlled trials (RCTs) is being performed cur-
rently worldwide. This review provides a brief overview of the proposed mechanism
of action of probiotics and current evidence from RCTs, with focus on prevention of

infection in surgical patients.

MECHANISM OF ACTION

HOST-BACTERIAL INTERACTIONS

It is only in recent years that we have begun to understand the complex and active
interaction between the intestinal microbiota and the biology of the host in whom
they reside.?® While the microbial ecosystem in the intestine flourishes on the avai-
lable nutrients, the host benefits from several key functions fulfilled by more than
1000 different species of bacteria that comprise the intestinal flora. These interacti-
ons include a wide range of physiological processes, such as regulation of motility
and mucus secretion, prevention of colonization or overgrowth by pathogenic orga-
nisms, and regulation of local and systemic immunity. The continuous interaction
between bacteria and their host takes place primarily at 3 levels: 1. the intestinal
lumen, 2. the intestinal epithelium, and 3. the immune system.?® The suggested

levels of host-bacterial interaction are depicted in FIGURE 7.1.
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FIGURE 7.I. The interaction between the intestinal micro organisms and their host is thought to
take place at 3 levels. Level 1: in the intestinal lumen, the microbiota serve several important functions
such as digestion of food components and prevention of colonization with pathogenic bacteria.
Level 2: the mucosal barrier formed by the epithelium lining the intestine serves to protect the sterile
interior of the host from invading pathogens. Micro organisms are responsible for local gene regulation
in the intestinal epithelium, thereby strengthening the mucosal barrier. The epithelium in turn
provides an energy source for certain bacteria. The microbiota exert a local anti-inflammatory effect
through cross-talk with local immune cells, preventing uncontrolled mucosal inflammation.
Level 3: the immune system is also influenced by the intestinal microbiota. Dendritic cells pry open
tight junctions of the epithelium to sample luminal content and take up bacteria. This continuous
cross-talk between microbiotia and the immune system leads to induction of B- and T-cells

with potential systemic immune responses.

BACTERIAL TRANSLOCATION
The pathophysiological mechanism held responsible for infectious complications in
surgical and critically ill patients is bacterial translocation: the phenomenon that

bacteria cross the gastrointestinal mucosal barrier and invade the systemic compart-
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ment.! We have reviewed comprehensively the role of bacterial translocation and its
potential regulation by probiotics previously.*

In short, bacterial translocation is believed to depend on a disturbance at the three
levels of hostbacterial interactions. These disturbances observed in experimental
and clinical studies in critically ill patients and after major abdominal surgery inclu-
de: 1. the intestinal lumen: impaired motility and bacterial overgrowth, 2. the intes-
tinal epithelium; failure of the structural mucosal barrier leading to increased gut
permeability, and: 3. the immune system; dysregulation of the pro- and anti-inflam-
matory balance of the immune system. Disturbances at these levels affect each other
reciprocally, leading to a vicious circle resulting in bacterial translocation and infec-
tious complications. In addition to disturbances of host-bacterial interactions, sever-
al other factors associated with critical illness and major abdominal surgery, such as
intestinal ischaemia, immunosuppression, nutrient deprivation, and stress add furt-

her to the problem of bacterial translocation.

ROLE OF PROBIOTICS
Many investigations have suggested that probiotics prevent bacterial translocation
and subsequent infectious complications through a beneficial effect at all three
levels of the host-microbial interaction. In the intestinal lumen, specific probiotic
strains prevent bacterial overgrowth of potential pathogens by direct antimicrobial
effects (such as lactic acid production) and competitive growth.” In a rat model of
acute pancreatitis, a multispecies probiotic mixture decreased bacterial overgrowth,
with subsequent reduction in bacterial translocation, morbidity, and mortality.5 At
the level of the intestinal epithelium, specific probiotic strains preserve or reinforce
the mucosal gastrointestinal barrier function through several mechanisms: preven-
tion of bacterial adherence to the epithelial lining by competitive exclusion, inhibi-
tion of pathogenic-induced alterations of epithelial permeability, and regulation of
enterocyte gene expression involved in maintenance of the mucosal barrier.”®
Moreover, specific probiotics strains inhibit the local pro-inflammatory reactions in
enterocytes after stimuli such as pathogenic bacterial adhesion or ischaemia/ reper-
fusion injury.”® Besides the local immunomodulatory effect in the intestinal epithe-
lium, probiotics are also thought to exert a regulatory effect on the systemic immu-

ne system through several different pathways. In vitro, selected probiotic strains can
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induce production of the anti-inflammatory cytokine interleukin (IL) 10 by mono-
cytes and lymphocytes.? In clinical studies, probiotics decreased the production of
pro-inflammatory cytokine IL-6 after abdominal surgery.!"® Moreover, through mod-
ulation of dendritic cells, probiotics can induce development of regulatory T cells,

which play an important role in controlling inflammation.!!

CURRENT EVIDENCE FROM RANDOMISED
CONTROLLED TRIALS

Several RCTs on probiotics in surgical patients have been published in recent years.
A summary and the references to these trials are provided in TABLE 7.1. Various stu-
dies have aimed at decreasing infection by application of pre- and/or postoperative
regimes of different species of probiotics. Several RCT have used so-called “prebio-
tics” in addition to probiotic strains. Prebiotics are non-digestible fiber supplements
(mostly oligosaccharides) that are meant to act as “fuel” for probiotics and other
beneficial intestinal bacteria. Products that combine pre- and probiotics are called
‘synbiotics’.

From the 14 RCTs listed in TaBLE 7.1., 9 studies showed a significant decrease of
total infectious complications in the patients treated with probiotics, but 5 studies
could not demonstrate such an effect.

Rayes, et al.®? were the first to perform an RCT of probiotic-prophylaxis in surgical
patients. Ninety patients undergoing ‘major abdominal surgery’ were randomised to
1. standard regimen (enteral or parenteral feeding), 2. synbiotics, or 3. prebiotics
and heat-killed probiotics. Groups 2 and 3 also received enteral feeding. Bacterial
infections were decreased significantly in the groups that had synbiotics, although it
did not seem to matter whether the probiotics were viable or non-viable (heat-kil-
led). The same German group then conducted two other placebo-controlled trials in
patients undergoing liver transplantation (n=95 and n=66) in which they compared
two different type of symbiotic mixtures with enteral nutrition and selective bowel
decontamination (antibiotics) or enteral nutrition and prebiotics only.’*!* In both
studies, the symbiotic mixture decreased significantly the postoperative infection
rate, and also when compared with selective bowel decontamination. Most recently,
the same authors completed a trial in patients undergoing pylorus preserving pan-

creatoduodenectomy (PPPD); 89 patients were randomised to receive 1. synbiotics
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or 2. prebiotics only.”? After exclusion of 9 patients that did not undergo PPPD
because the neoplasm was non-resectable, the incidence of postoperative infections
was significantly less in the group receiving synbiotics.

Olah et al.!¢ studied patients with acute pancreatitis, a disease characterised by a
severe clinical course with the potential for secondary pancreatic infection due to
bacterial translocation. In their first placebo-controlled RCT they randomised 45
patients with acute pancreatitis to 1. synbiotics or 2. prebiotics and heat-killed pro-
biotics. A significant decrease in pancreatic infections was shown in group 1. This
trial was criticized for its methodology: patients with biliary etiology of acute pan-
creatitis were excluded and patients not tolerating jejunal feeding were excluded
from the final analysis. The authors then conducted a second study with a randomis-
ed double-blind design on patients with severe acute pancreatitis.’” Although the
methodology was substantially improved, it still lacked an intention-to-treat analy-
sis. Infectious complications tended to be less in the synbiotics group compared to
the control group, but were not statistically significant. Conversely, a significant dec-
rease in the combination of systemic immune response syndrome and multi-organ
failure, and of the number of patients recovering with complications, was observed
in the treatment group.

Kanazawa, Sugawara, and colleagues!®!® performed two RCTs in patients under-
going hepatobiliary resection for biliary cancer to study the effect of synbiotic treat-
ment on intestinal permeability, immune response, the microbiota and surgical out-
come. In the first study, 54 patients were randomised for postoperative treatment
with 1. enteral feeding with synbiotics or 2. enteral feeding only.!® After exclusion of
the non-resectable patients (n=10) the incidence of total complications was decrea-
sed significantly in the synbiotics group. The second RCT was conducted to assess
whether the addition of preoperative synbiotics, as opposed to only postoperative
treatment, would further enhance the beneficial effect.’ Of the 101 randomised
patients, 20 were excluded from analysis because they had non-resectable cancer. In
the remaining 81 patients, infectious complications were significantly less in the
group treated with both a pre- and postoperative regime of synbiotics compared
with postoperative treatment only. This trial also showed an enhanced preoperative
immune response (greater natural killer cell activity) and decreased postoperative

inflammatory response (less IL-6 levels, white blood cell count, and C-reactive pro-
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tein) in the patients treated both preand postoperatively. In the study by
Kotzampassi et al.,'’” 77 consecutive patients with severe multi-system trauma were
randomised to receive 1. a synbiotic formula or 2. placebo (glucose only). In the 65
surviving patients, the total infection rate and incidence of sepsis was significantly
less in the synbiotics group. In a second RCT in patients with severe multisystem
trauma performed recently by Spindler-Vesel et al.,* 113 patients were randomised
to either 1. glutamine-enriched feeding, 2. fiber-enriched feeding, 3. peptide-enri-
ched diet, or 4. synbiotics with enteral feeding. Patients with synbiotics had the least
infection rate. Four RCTs have been performed by the Combined Gastroenterology
research unit from Scarborough General Hospital in the UK.??* These RCTs in
patients undergoing major abdominal surgery or with critical illness did not show a
positive effect of probiotics in terms of decreasing infectious complications. This
group used different probiotic strains than the other RCTs, and administration was
mostly oral, rather than through an enteral feeding tube. Notably, these RCTs were
very well-designed but had primary outcome measures such as bacterial translocati-

on or gastric colonization rather than clinical endpoints.

FUTURE CHALLENGES

The trials summarized in TaBLE 7.1. show conflicting results. It should be noted
that methodological quality varied greatly between studies; issues such as the lack of
‘intention-to-treat analysis,” post-hoc subgroup analyses, and endpoint definitions
probably influenced the results to a considerable extent. Several other factors may
explain the observed differences. Different probiotic species exert different effects
on the three levels of the host-microbial interaction (F1GURE 7.2), and considerable
variation was present in the probiotic species used among RCTs. Moreover, multi-
species probiotic preparations seem to be more effective than mono-species prepa-
rations. The use of prebiotics might enhance the effect of probiotics and may even
be a prerequisite for clinical efficacy of some probiotics strains. Enteral feeding, as
administered in some RCTS, can also be considered a prebiotic. The route of admi-
nistration may also be important, because some probiotic strains may not survive
the acidic environment of the stomach. The timing of start of treatment (pre- and/or
postoperative) and the duration of treatment varied between trials and may also

important. Finally, patient populations were different across the various studies. It is
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FIGURE 7.2. A hypothetic model of the disturbances at the 3 levels of the host-microbial interaction.
An insult, such as major abdominal surgery, can lead eventually to bacterial translocation

with subsequent infectious complications.

reasonable to assume that in a homogeneous group of patients with relatively high
risk of post-operative infections, such as patients undergoing PPPD or liver trans-
plantation, a prophylactic treatment with probiotics is more effective than in other,
more heterogeneous populations of surgical patients with less risk of post-operative
infections. The pathogenesis of infection may also vary between study populations.
In patients undergoing elective operations, preoperative treatment with probiotics

is possible, thus applying ‘true’ prophylaxis. Conversely, in patients with more acute
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conditions, such as pancreatitis and trauma, bacterial translocation may have occur-
red already when the probiotic therapy is instituted; thereby, the probiotic is no lon-
ger acting as prophylactic treatment. In the near future, more basic and clinical
research must be performed to study the influence of these different factors and to
elucidate the mechanism(s) of action and true effect on clinically relevant outcomes
of probiotics. Before probiotics can be implemented in daily practice to prevent
infectious complications in general surgical patient populations, evidence for their
efficacy must be obtained in these patient categories first. Very large sample sizes
would be needed to have adequate power to detect effects of probiotics in decrea-
sing the risk of clinically relevant endpoints such as mortality. In an attempt to col-
lect such evidence, the Dutch Acute Pancreatitis Study Group is conducting a nati-
onwide double-blind RCT currently in patients with acute pancreatitis.?> A total of
298 patients with predicted severe acute pancreatitis (according to accepted predic-
tive criteria) are randomised to receive enteral feeding trough a jejunal tube with
1. a multispecies probiotic preparation or 2. a placebo. Results will be available in 6

months.

ACUTE PANCREATITIS: NEW FRONTIERS IN DIAGNOSIS AND TREATMENT 105



PART 11

REFERENCES

—

106

Guarner F, Malagelada JR. Gut flora in health
and disease. Lancet 2003; 361:512-519.

Hooper LV, Gordon JL. Commensal host-
bacterial relationships in the gut.
Science 2001; 292:1115-1118.

Walker WA, Goulet O, Morelli L, Antoine
JM. Progress in the science of probiotics: from
cellular microbiology and applied immunology
to clinical nutrition. Eur J Nutr 2006; 45 1:1-18.

Besselink MG, Timmerman HM, Minnen LP
van, Akkermans LM, Gooszen HG. Prevention

of infectious complications in surgical patients:
potential role of probiotics.
Dig Surg 2005; 22:234-44.

Servin AL. Antagonistic activities of lactobacilli
and bifidobacteria against microbial pathogens.
FEMS Microbiol Rev 2004; 28:405-40.

van Minnen LP, Timmerman HM,
Lutgendorff F, Verheem A, Harmsen W,
Konstantinov SR, et al. Modification of
intestinal flora with multispecies probiotics
reduces bacterial translocation and improves
clinical course in a rat model of acute
pancreatitis. Surgery 2007; 141:470-80.

Marco ML, Pavan S, Kleerebezem M.
Towards understanding molecular modes
of probiotic action.

Curr Opin Biotechnol 2006; 17:204-210.

Otte JM, Podolsky DK. Functional modulation
of enterocytes by gram-positive and gram-
negative microorganisms. Am ] Physiol
Gastrointest Liver Physiol 2004; 286:613-626.

9

10

11

13

14

INTERVENTIONS TO PREVENT SECONDARY INFECTIOUS COMPLICATIONS

Niers LE, Timmerman HM, Rijkers GT et al.
Identification of strong interleukin-10 inducing
lactic acid bacteria which down-regulate T helper
type 2 cytokines.

Clin Exp Allergy 2005; 35:1481-9.

Sugawara G, Nagino M, Nishio H, et al.
Perioperative synbiotic treatment to prevent
postoperative infectious complications in biliary
cancer surgery: a randomized controlled trial.
Ann Surg 2006; 244:706-14.

Smits HH, Engering A, van der Kleij D, et al.
Selective probiotic bacteria induce 1L-10-
producing regulatory T cells in vitro by
modulating dendritic cell function through
dendritic cell-specific intercellular adhesion
molecule 3-grabbing nonintegrin.

J Allergy Clin Immunol 2005; 115:1260-7.

Rayes N, Hansen S, Seehofer D, et al.

Early enteral supply of fiber and Lactobacilli
versus conventional nutrition: a controlled trial
in patients with major abdominal surgery.
Nutrition 2002; 18:609-15.

Rayes N, Seehofer D, Hansen S, et al.

Early enteral supply of lactobacillus and fiber
versus selective bowel decontamination:

a controlled trial in liver transplant recipients.
Transplantation 2002; 74:123-7.

Rayes N, Seehofer D, Theruvath T, et al.
Supply of pre- and probiotics reduces bacterial
infection rates after liver transplantation—a
randomized, double-blind trial.

Am ] Transplant 2005; 5:125-30.

ACUTE PANCREATITIS: NEW FRONTIERS IN DIAGNOSIS AND TREATMENT



SURGICAL RESEARCH REVIEW: PROBIOTICS IN SURGERY CHAPTER 7

15 Rayes N, Seehofer D, Theruvath T, et al. 21 McNaught CE, Woodcock NP, MacFie J,

16 Olah A, Belagyi T, Issekutz A, Gamal ME, 22 Jain PK, McNaught CE, Anderson ADG,
Bengmark S. Randomized clinical trial of specific MacFie J, Mitchell CJ. Influence of synbiotic
lactobacillus and fibre supplement to early containing Lactobacillus acidophilus La5,
enteral nutrition in patients with acute Bifidobacterium lactis Bb 12, Streptococcus
pancreatitis. Br ] Surg 2002; 89:1103-7. thermophilus, Lactobacillus bulgaricus and

oligofructose on gut barrier function and sepsis

17 Olah A, Belagyi T, Poto L, Romics L, Jr., in critically ill patients: A randomised controlled
Bengmark S. Synbiotic control of inflammation trial. Clinical Nutrition 2004; 23:467-75.
and infection in severe acute pancreatitis: a
prospective, randomized, double blind study. 23 Anderson AD, McNaught CE, Jain PK, Macfie
Hepatogastroenterology 2007; 54:590-4. J. Randomised clinical trial of synbiotic therapy

in elective surgical patients. Gut 2004; 53:241-5.

18 Kanazawa H, Nagino M, Kamiya S, et al.

Synbiotics reduce postoperative infectious 24 McNaught CE, Woodcock NP, Anderson
complications: a randomized controlled trial in ADG, MacFie ]. A prospective randomised trial
biliary cancer patients undergoing hepatectomy. of probiotics in critically ill patients.
Langenbecks Arch Surg 2005; 390:104-13. Clinical Nutrition 2005; 24:211-9.

19 Kotzampassi K, Giamarellos-Bourboulis EJ, 25 Besselink MG, Timmerman HM, Buskens E,
Voudouris A, Kazamias P, Eleftheriadis E. Nieuwenhuijs VB, Akkermans LM, Gooszen
Benefits of a synbiotic formula (synbiotic 2000 HG. Probiotic prophylaxis in patients with
forte) in critically ill trauma patients: early predicted severe acute pancreatitis (PROPATRIA):
results of a randomized controlled trial. design and rationale of a double-blind, placebo-
World J Surg 2006; 30:1848-1855 controlled randomised multicenter trial

[ISRCTN38327949]. Dutch Acute Pancreatitis

20 Spindler-Vesel A, Bengmark S, Vovk I, Study Group. BMC Surg 2004; 4:12.

ACUTE PANCREATITIS: NEW FRONTIERS IN DIAGNOSIS AND TREATMENT

Effect of enteral nutrition and synbiotics on
bacterial infection rates after pylorus-preserving
pancreatoduodenectomy: a randomized,
double-blind trial. Ann Surg 2007; 246:36-41.

Cerovic O, Kompan L. Synbiotics, prebiotics,
glutamine, or peptide in early enteral nutrition: a
randomized study in trauma patients.

JPEN ] Parenter Enteral Nutr 2007; 31:119-26.

Mitchell CJ. A prospective randomised study
of the probiotic Lactobacillus plantarum 299V
on indices of gut barrier function in elective
surgical patients. Gut 2002; 51:827-31.

107



Marc G Besselink,! Hjalmar C van Santvoort,! Erik Buskens,2? Marja A Boermeester,*
Harry van Goor,” Harro M Timmerman,! Vincent B Nieuwenhuijs,6 Thomas L Bollen,’
Bert van Ramshorst,® Ben M Witteman,® Camiel Rosman,!” Rutger J Ploeg,6 Menno A Brink,!!
Alexander FM Scha.a.pherder,12 Cornelis HC Dejong,13 Peter ] Wahab,* Cees J van Laarhoven,!®
Erwin van der Harst,!6 Casper HJ van Eijck,17 Miguel A Cuesta,'® Louis M Akkermans,!

Hein G Gooszen,! for the Dutch Pancreatitis Study Group

AFFILIATIONS
1Dept. of Surgery, University Medical Center Utrecht, Utrecht, 2Julius Center for Health Sciences and
Primary Care, University Medical Center Utrecht, Utrecht, 3Dept. of Epidemiology, University Medical
Center Groningen, Groningen, 4Dept. of Surgery, Academic Medical Center, Amsterdam,
°Dept. of Surgery, Radboud University Nijmegen Medical Center, Nijmegen, ®Dept. of Surgery,
University Medical Center Groningen, Groningen, Depts. of “Radiology and ®Surgery, St.Antonius
Hospital, Nieuwegein, “Dept. of Gastroenterology, Gelderse Vallei Hospital, Ede, 1°Dept. of Surgery,
Canisius Wilhelmina Hospital, Nijmegen, 11Dept. of Gastroenterology, Meander Medical Center,
Amersfoort, 12Dept. of Surgery, Leiden University Medical Center, Leiden, 13Dept. of Surgery
and NUTRIM, University Hospital Maastricht, Maastricht, *Dept. of Gastroenterology, Rijnstate
Hospital, Arnhem, 15Dept. of Surgery, St.Elisabeth Hospital, Tilburg, 16Dept. of Surgery, Medical
Center Rijnmond Zuid, Rotterdam, 17Dept. of Surgery, Erasmus Medical Center, Rotterdam,

8Dept. of Surgery, Vrije Universiteit Medical Center, Amsterdam, the Netherlands.



CHAPTER

Probiotic prophylaxis
in predicted
severe acute pancreatitis:
a randomised,

double-blind,
placebo-controlled trial

Published in:
Lancet 2008



PART II INTERVENTIONS TO PREVENT SECONDARY INFECTIOUS COMPLICATIONS

ABSTRACT

BACKGROUND

Infectious complications and associated mortality are a major concern in acute pan-
creatitis. Enteral administration of probiotics could prevent infectious complications,
but convincing evidence is scarce. Our aim was to assess the effects of probiotic pro-

phylaxis in patients with predicted severe acute pancreatitis.

METHODS

In this multicentre randomised, double-blind, placebo-controlled trial, 298 patients
with predicted severe acute pancreatitis (Acute Physiology and Chronic Health
Evaluation [APACHE II] score 28, Imrie score 23, or C-reactive protein >150
mg/L) were randomly assigned within 72 h of onset of symptoms to receive a multis-
pecies probiotic preparation (n=153) or placebo (n=145), administered enterally twice
daily for 28 days. The primary endpoint was the composite of infectious complicati-
ons - i.e. infected pancreatic necrosis, bacteraemia, pneumonia, urosepsis, or infected
ascites - during admission and 90-day follow-up. Analyses were by intention to treat.
This study is registered, number ISRCTN38327949.

RESULTS
One person in each group was excluded from analyses because of incorrect diagno-
ses of pancreatitis; thus, 152 individuals in the probiotics group and 144 in the place-
bo group were analysed. Groups were much the same at baseline in terms of patients’
characteristics and disease severity. Infectious complications occurred in 46 (30%)
patients in the probiotics group and 41 (28%) of those in the placebo group (risk
ratio, 1.06; 95% CI 0.75-1.51). 24 (16%) patients in the probiotics group died, compa-
red with nine (6%) in the placebo group (risk ratio, 2.53; 95% CI 1.22-5.25). Nine
patients in the probiotics group developed bowel ischaemia (eight with fatal outco-

me), compared with none in the placebo group (P=0.004).

CONCLUSION
In patients with predicted severe acute pancreatitis, probiotic prophylaxis with this
combination of probiotic strains did not reduce the risk of infectious complications
and was associated with an increased risk of mortality. Probiotic prophylaxis should

therefore not be administered in this category of patients.
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INTRODUCTION

The incidence of acute pancreatitis in Europe and the USA is increasing by about
5% per year, mainly owing to an increase in biliary pancreatitis.'* About a fifth of
patients will develop necrotising pancreatitis, which is associated with a 10-30%
mortality rate, mostly attributed to infectious complications and infection of
(peri)pancreatic necrotic tissue in particular.! These infections are thought to be the
sequelae of a cascade of events starting with small-bowel bacterial overgrowth,
mucosal barrier failure, and a pro-inflammatory response leading to bacterial trans-
location of intestinal bacteria.*¢ Systemic antibiotic prophylaxis has long been stu-
died as a measure to prevent secondary infection in acute pancreatitis.! However,
two double-blind, placebocontrolled trials’8 and two meta-analyses®!® have failed to
show a beneficial effect, and many clinicians have abandoned this strategy. In the
two antibiotic trials, the incidence of extrapancreatic infections (e.g., bacteraemia,
pneumonia) and pancreatic infection remained high.”® Consequently, there is a
clear need for other strategies to prevent infectious complications in patients with
acute pancreatitis.

Probiotics, as an adjunct to enteral nutrition, have raised high expectations and are
currently gaining worldwide popularity for their presumed health-promoting
effects.!12 Certain strains of probiotic bacteria might prevent infectious complicati-
ons by reducing small-bowel bacterial overgrowth, restoring gastrointestinal barrier
function, and modulating the immune system.!*? A reduction of infectious compli-
cations has been reported in several clinical studies with probiotics in patients
undergoing elective abdominal operations'®!* and in patients with acute pancreati-
tis.”” However, because of their small size and methodological quality, these studies
do not justify global implementation of probiotics as a preventive measure in acute
pancreatitis. Accordingly, we embarked on a nationwide multicentre randomised,
double-blind, placebocontrolled trial - the PRObiotics in PAncreatitis TRIAI
(PROPATRIA) - to assess the effects of probiotic prophylaxis in patients with pre-

dicted severe acute pancreatitis.
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METHODS

PATIENTS

The design and rationale of the study have been described in detail elsewhere.!®
Adult patients admitted with a first episode of acute pancreatitis were enrolled in
eight university medical centres and seven major teaching hospitals in the
Netherlands. Acute pancreatitis was defined as abdominal pain in combination with
serum amylase or lipase concentrations that were raised to at least three times the
institutional upper limit of normal. Patients were not enrolled in the study if any of
the following criteria were present: pancreatitis after endoscopic retrograde cholan-
giopancreaticography; suspected malignancy of the pancreas or biliary tree; non-
pancreatic infection or sepsis caused by a second disease; diagnosis of pancreatitis
first made at operation; or a medical history of immune deficiency. Patients with
acute pancreatitis and an Acute Physiology and Chronic Health Evaluation (APA-
CHE 1II) score of 8 or more,"” Imrie/modified Glasgow score of 8 or more,"® or
C-reactive protein over 150 mg/L,”? predicting a severe course of disease, were eli-
gible for randomisation. All patients or their legal representatives gave written infor-
med consent. This study was investigator-initiated and investigator-driven and done
in accordance with the principles of the Declaration of Helsinki and good clinical
practice guidelines. The institutional review board of each participating hospital

approved the protocol.

PROCEDURES
Randomisation was done with a computer-generated permuted-block sequence and
balanced by participating centre and by presumed cause (biliary vs. non-biliary) in
blocks of four. Patients were randomly assigned to receive either a multispecies pro-
biotic preparation or a placebo twice daily at the first possible occasion, but no later
than 72 h after onset of symptoms of pancreatitis.

The study was double-blinded. Both the probiotic and placebo preparations were
packaged in identical, numbered sachets that were stored in identical, numbered
containers. The study product and placebo were both white powders, identical in
weight, smell, and taste. All doctors, nurses, research staff, and patients involved
remained unaware of the actual product administered during the entire study peri-

od. An independent monitoring committee was informed in cases of serious adver-
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se events that were possibly associated with the study product. At the time of a pre-
specified interim analysis,'® the monitoring committee advised about whether to
continue the trial.

The rationale for the design of the multispecies probiotic preparation has been des-
cribed in detail elsewhere.?’ In brief, the study product (Ecologic 641, Winclove Bio
Industries, Amsterdam, Netherlands) consisted of six different strains of freeze-
dried, viable bacteria: Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus sali-
varius, Lactococcus lactis, Bifidobacterium bifidum, and Bifidobacterium lactis (previou-
sly classified as Bifidobacterium infantis), in a total daily dose of 10 bacteria, plus
cornstarch and maltodextrins. The individual probiotic cultures are sold by major
probiotic producers as ingredients for probiotic supplements or dairy food and
carry the European Union qualified presumption of safety (QPS). Individual strains
were selected on the basis of their capacity to inhibit growth of pathogens most
often cultured from infected necrotising pancreatitis in vitro.2?! Probiotic species
that were ever reported to have been associated with an infectious complication,
irrespective of underlying disease, were excluded.? Placebo sachets contained only
cornstarch and maltodextrins. Both the probiotic and placebo preparations were
checked according to national regulations for any contamination with known patho-
gens and for the presence of endotoxins. Three different batches of probiotics and
placebo were produced, tested, and used during the study.

After randomisation, each patient had a nasojejunal feeding tube inserted. The
study product or placebo was administered twice daily and added to the continuou-
sly running fibre-enriched tube feeding (Nutrison Multi Fibre, Nutricia, Zoetermeer,
Netherlands). The study product or placebo was dissolved in sterilised distilled
water and administered for a maximum of 28 days. If placement of the nasojejunal
tube was delayed for more than 12 h, the first dose of the study product or placebo
was taken orally. Nasojejunal tubes were placed either by upper gastrointestinal
endoscopy or under fluoroscopic guidance. When nasojejunal tubes became bloc-
ked or were pulled out, a new tube was re-inserted at the first possible opportunity,
generally within 24 h. The amount of tube feeding was gradually increased over the
first days with an energy target of 125 kJ/kg (up to 90 kg) on day 4 after start of ente-
ral nutrition. When patients started oral intake, the nasojejunal tube was removed

and the study product or placebo was dissolved in tap water and ingested orally for
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PANEL Definitions included in the primary endpoint

Infected pancreatic necrosis positive culture of peripancreatic fluid or pancreatic necrosis obtained
by either fine-needle aspiration, during the first percutaneous drainage,
or during the first surgical intervention

Bacteraemia positive blood culture. For non-pathogens (e.g., coagulase-negative
staphylococci) at least two samples had to be positive

Pneumonia coughing, dyspnoea, chest film showing infiltrative abnormalities, lowered
arterial blood gas with positive sputum culture. If in intensive care,

a positive endotracheal culture is mandatory

Urosepsis® dysuria with bacteraemia on the same day, without a urinary catheter
in situ
Infected ascites® bacteria detected in aspirate of intraperitoneal fluid or abdominal fluid

sampled during surgical exploration

a= Before any analysis, the adjudication committee restricted the definition of urinary tract infection to urosepsis.
b= Before any analysis, the adjudication committee added this group of infections to the infectious complications endpoint.

the remainder of the 28 days. Administration of the study product or placebo was
stopped when a patient was diagnosed with infected pancreatic necrosis. Patients
discharged before 28 days were only allowed to stop treatment if CT showed the
absence of pancreatic necrosis or fluid collection. During the study, patients were
not allowed to use any commercially available product containing probiotics.
During administration of the study product or placebo, nursing staff recorded the
number of sachets administered and registered any potential side-effect (e.g., abdo-
minal complaints).

Antibiotic prophylaxis was not given routinely in patients with necrotising pancrea-
titis. The use of antibiotics was recorded, irrespective of indication. When endosco-
pic retrograde cholangiopancreaticography was indicated in cases of biliary pan-
creatitis, antibiotic prophylaxis was allowed. A standard baseline (intravenous) con-
trast-enhanced CT scan was done 7 days after admission to detect pancreatic necro-
sis. One experienced radiologist (TLB), unaware of treatment allocation, re-read all
CT scans to assess the CT severity index.?? In cases of a clear clinical diagnosis of
infected (peri)pancreatic necrosis (persistent fever and clinical deterioration in the

third or fourth week of disease in the presence of documented necrosis or air bub-
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bles in the collections with necrosis on CT, while other sources of infection were
absent), fine-needle aspiration of (peri)pancreatic collections was not mandatory to
confi rm the clinical suspicion. A positive culture was mandatory for the endpoint
of infected necrosis. During surgical intervention or percutaneous drainage for (sus-
pected or documented) infected necrosis, tissue or fluid samples were sent for rou-
tine microbiological assessment. Body temperature was measured at least twice
daily and, in cases of fever, blood cultures were drawn. Further diagnostic and the-
rapeutic measures were left to the treating clinicians’ discretion.

The primary endpoint was the composite of any of the following infectious compli-
cations: infected pancreatic necrosis, bacteraemia, pneumonia, urosepsis, or infec-
ted ascites, during admission and 90-day follow-up (paneLr). All infections were
weighted equally; multiple infections in the same patient were deemed to be one
endpoint. Secondary endpoints (during admission and 90-day follow-up) were mor-
tality, sequential organ failure assessment (SOFA) scores, (multi)organ failure
during admission, onset of (multi)organ failure after randomisation, need for surgi-
cal intervention because of (documented or suspected) infected necrosis or intra-
abdominal catastrophe, hospital stay, intensive-care stay, use of antibiotics, and
abdominal complaints (nausea and abdominal fullness with visual analogue scales
[VAS; cutoff 3.0 on a ten-point scale], and presence of diarrhoea as assessed by the
patient [at days 5, 10, 14, 21, 28, and 35]). Per patient, the percentage intake of the
study product or placebo was calculated and categorised as less than 80%, 80-89%,
90-95%, and over 95%. Microbiological data of the initial positive culture for each
of the infectious complications of the primary endpoint were collected.

Organ failure was defined as PaO2 below 60 mm Hg despite FIO2 of 30% or the
need for mechanical ventilation (pulmonary insufficiency), serum creatinine over
177 mmol/L after rehydration or need for haemofiltration or haemodialysis (renal
failure), and systolic blood pressure below 90 mm Hg despite adequate fluid resus-
citation or need for vasopressor (mainly noradrenalin and dopamine) support (car-
diocirculatory insufficiency), adapted from the Atlanta Classification.? Multiple
organ failure was defined as failure of at least two organ systems on the same day.
Organ failure before randomisation was defined as any organ failure that started
before the day of randomisation. Because the administration of the study product or

placebo could start at any time during the day of randomisation, start of organ fai-
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lure on that day was left out of this definition. Onset of organ failure after randomi-
sation was defined as initial (for the first time) onset of organ failure after the day of
randomisation.

Data collection was done by local physicians, who completed case record forms.
During the study an independent data monitor checked at least 10% of the indivi-
dual patients’ data against the primary source data, on site in the participating cen-
tres. After completion of the follow-up of the last patient but before any analysis or
unblinding, two authors (MGHB and HCvS) checked all primary and secondary
endpoints on site with primary source data. Before any analysis and without know-
ledge of treatment allocation, the blinded adjudication committee judged all exclu-
sions, endpoints that were not fully specified in the protocol in individual patients,
and serious adverse events. Only after agreement was reached on all endpoints were
analyses done with blinding of the products administered preserved. After the
results of the blinded analyses were presented to the monitoring committee, the

randomisation code was broken on Oct 26, 2007.

STATISTICAL ANALYSIS
We calculated that 200 patients with predicted severe acute pancreatitis would be
required to detect a 20% reduction in the absolute risk of the occurrence of infecti-
ous complications (from 50% to 30% of patients during admission and 90-day fol-
low-up) for the study to attain an 80% statistical power, at a two-sided & of 0.05. This
sample size calculation took into account the fact that up to 40% of patients with
predicted severe pancreatitis are ultimately diagnosed with mild pancreatitis (i.e.,
no local or systemic complications) and thus do not progress to severe or necroti-
sing pancreatitis. After the first 100 patients were randomised and had completed
follow-up, the number of infectious complications was calculated in the total group
of randomised patients without unblinding the data. The rate of infectious compli-
cations was lower than expected (28%), so the monitoring committee advised inc-
reasing the total sample size from 200 to 296 patients to maintain statistical power.
After 184 patients had been randomised and had completed follow-up, a blinded
interim analysis was done for the primary endpoint and mortality. Although a non-
significant difference in mortality was observed (P=0.10), the monitoring committee

concluded that this had been caused by skewed randomisation because more
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732 Patients with acute pancreatitis 434 patients excluded
assessed for eligibility 323 predicted mild pancreatitis
89 predicted severe, >72 h*
7 predicted severe, excluded by
treating physician, various reasons

. . . 15 predict vere, no consent
298 patients with predicted severe 3 [T EEY SSTER, 010 (RS

acute pancreatitis randomised to treatment

153 patients assigned to probiotics
(1 did not receive any study drug 145 patients assigned to placebo
because of rapid clinical deterioration, (all received study drug)
included in the analysis)

5 patients discontinued study drug
(3 for abdominal complaints,
1 poor taste, 1 no specified reason)
0 lost to follow-up
2 patients violated inclusion criteria
(1 wrong calculation of prediction score,
included in analysis, 1 excluded from
analysis because of incorrect diagnosis
of pancreatitis)

2 patients discontinued study drug
(2 no specified reason)
0 lost to follow-up
1 patient violated inclusion criteria
(1 excluded from analysis because of
incorrect diagnosis of pancreatitis)

152 analysed 144 analysed

“Not randomised because of clinical symptoms of pancreatitis for more than 72 h at time of diagnosis of predicted
severe acute pancreatitis. Patients were either initially missed for randomisation, were transferred from other
hospitals more than 72 h after onset of symptoms, or already had complaints for more than 72 h on admission.

Figure 8.1. Trial profile

patients in the group with higher mortality required admission to intensive care wit-
hin 72 h after admission (P=0.15), whereas the overall mortality was well within the
expected range (11%). According to the predefined stopping rule!é the monitoring
committee recommended that the study should be completed.

All data analyses were done in accordance with a pre-established analysis plan. The
incidence of the primary endpoint was compared between the groups and the

results are presented as risk ratio with exact 95% CI. The Kolmogorov-Smirnov test
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was used to assess whether continuous data were normally distributed (P>0.05). For
continuous variables, differences between groups were tested with Student’s ¢ test
for normally distributed data or Mann-Whitney U test for non-normally distributed
data. Fisher’s exact test was used for proportions in all cases. In cases of significant
difference in the incidence of either the primary endpoint or mortality between
groups, Kaplan-Meier curves with log-rank tests were generated.

All analyses were done on the basis of the intention-to-treat principle. Prespecified
subgroup analyses were done for cause of pancreatitis and for presence of pancrea-
tic parenchymal necrosis. We used logistic regression models to do a formal test for
interaction to assess whether treatment effects differed significantly between these
subgroups. A two-sided P value of less than 0.05 was deemed to be statistically sig-

nificant. All statistical analyses were done with SPSS (version 12.0.1).

ROLE OF THE FUNDING SOURCE
The sponsor of the study had no role in the study design, data collection, data ana-
lysis, interpretation of the study results, or writing of the manuscript. The corres-
ponding author had full access to all the data and coordinated the decision to sub-

mit for publication.

RESULTS

732 consecutive patients with a first episode of acute pancreatitis were registered
prospectively between March, 2004, and March, 2007 (Figure 8.1). 298 patients were
predicted to have a severe disease course (135 patients with APACHE II score 28,
204 with Imrie score 23, 252 with C-reactive protein >150 mg/L), and were random-
ly assigned treatment with probiotics or with placebo (ricure 8.1). Two patients -
one in each group - were excluded from the final analysis because of an incorrect
diagnosis of acute pancreatitis; one was ultimately diagnosed with acute cholecysti-
tis and the other with post-pancreatic surgery anastomotic leakage. One patient who
did not receive any study product and one who, in retrospect, had predicted mild
pancreatitis were included in the final analysis (F1cure 8.1). Study groups were
comparable for all baseline characteristics (TABLE 8.1).

All but five patients started treatment within 72 h of onset of symptoms. Median
intake of probiotics or placebo per patient was 100% (25% lower limit 91%). No dif-
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TABLE 8.I. Baseline characteristics

Probiotics Placebo
(n=152) (n=144)
Age (years) 60.4 (+16.5) 59.0 (+15.5)
Sex (male) 91 (60%) 83 (58%)
Body-mass index (kg/m?) 27.1 (x6.1) 27.8 (%5.9)
Aetiology of pancreatitis
Biliary 92 (61%) 75 (52%)
Alcohol 27 (18%) 28 (19%)
Unknown 21 (14%) 28 (19%)
Medication 4 (3%) 6 (4%)
Hypertriglyceridaemia 4 (3%) 3 (2%)
Other 4 (3%) 4 (3%)
American Society of Anaesthesiologists class
I (healthy status) 62 (41%) 62 (43%)
Il (mild systemic disease) 76 (50%) 64 (44%)
Il (severe systemic disease) 14 (9%) 18 (13%)
Severity of pancreatitis
APACHE Il score? 8.6 (4.4) 8.4 (4.5)
Imrie score (first 48h) 3.3 (¢1.7) 3.4 (£1.6)
C-reactive protein level (mg/L) highest first 48h) 268 (+127) 270 (x122)
SOFA (on admission) 2.1 (+2.0) 1.9 (x1.6)
MODS (on admission) 1.6 (£1.6) 15 (x1.5)
oOrgan failure before randomisation? 9 (6%) 5 (4%)
Multiple organ failure before randomisation 5 (3%) 1 (1%)
Endoscopic sphincterotomy 48 (32%) 35 (24%)
Time from first symptoms to admission (days) 0 (0-3) 0 (0-3)
Time from to first dose (days) 2 (0-4) 2 (0-3)
Time from to enteral nutrition (days) 2 (0-7) 2 (0-7)
Contrast-enhanced CT
Necrotising pancreatitis® 46 (30%) 34 (24%)
<30% pancreatic parenchymal necrosis 16 (11%) 14 (10%)
>30% pancreatic parenchymal necrosis 30 (20%) 20 (14%)
No contrast-enhanced CT performed 6 (4%) 12 (8%)
(T severity index‘ 4 (0-10) 4 (0-10)

Data are n (%), mean (SD), or median (range). APACHE Il=Acute Physiology and Chronic Health Evaluation
score, determined on admission. MODS=multiple organ dysfunction score (range 0-24, higher scores indi-
cating more severe disease). SOFA=sequential organ failure assessment (range 0-24, higher scores indica-
ting more severe disease). a= Patients with multiple organ failure are included in the group patients with
organ failure. b= Done on day 7-10 after admission. c= CT severity index ranges from 0 to 10, higher sco-
res indicating more extensive pancreatic parenchymal necrosis and peripancreatic fluid collections.

ACUTE PANCREATITIS: NEW FRONTIERS IN DIAGNOSIS AND TREATMENT 119



PART II INTERVENTIONS TO PREVENT SECONDARY INFECTIOUS COMPLICATIONS

TABLE 8.2. Endpoints

Probiotics Placebo
(n=152) (n=144) P value
Primary endpoint
Any infectious complication® 46 (30%) 41 (29%) 0.80
Infected necrosis 21 (14%) 14 (10%) 0.29
Bacteraemia 33 (22%) 22 (15%) 0.18
Pneumonia 24 (16%) 16 (11%) 0.31
Urosepsis 1 (1%) 2 (1%) 0.61
Infected ascites 4 (3%) 0 (0%) 0.12
Secondary endpoint
Use of antibiotics, any indication 75 (49%) 76 (53%) 0.56
Percutaneous drainage 14 (9%) 8 (6%) 0.23
Surgical intervention, any indication 28 (18%) 14 (10%) 0.05
Necrosectomy 24 (16%) 14 (10%) 0.16
Intensive care admission 47 (31%) 34 (24%) 0.19
Intensive care stay (days) 6.6 (x17.1) 3.0 (#9.3) 0.08
Hospital stay (days) 28.9 (41.5) 23.5 (£25.9) 0.98
Organ failure during admission, any onset® ¢ 41 (27%) 23 (16%) 0.02
Multiple organ failure during admission, any onset* 33 (22%) 15 (10%) 0.01
oOrgan failure, onset after randomisation® ¢ 21 (14%) 16 (11%) 0.60
Multiple organ failure, onset after randomisation? 18 (12%) 11 (8%) 0.25
Nausea 20 (13%) 23 (16%) 0.51
Abdominal fullness 36 (24%) 43 (30%) 0.24
Diarrhoea 25 (16%) 28 (19%) 0.55
Bowel ischaemia 9 (6%) 0 (0%) 0.004
Mortality 24 (16%) 9 (6%) 0.01

Data are mean (SD) or n (%). a= Patients with one or more infectious complication. b= Patients with multiple organ failu-
re are included in the organ failure group. c= Patients with organ failure present at any time during admission, irrespective
of the date of onset of organ failure, are included. d= Patients in whom organ failure developed (for the first time) after
the day of randomisation are included. Patients in whom organ failure (in any organ) started before the day of randomisa-
tion or on the day of randomisation are not included.
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TABLE 8.3. Pathogens isolated from 87 patients with an infectious complication®

Probiotics Placebo
(n=152) (n=144)
Gram-positive bacteria
Staphylococcus spp. 20 20
Staphylococcus aureus 10 11
Coagulase-negative staphylococci 9 5
Enterococcus spp 10 3
Streptococcus spp 3 3
Other gram-positive microorganisms® 3 3
Gram-negative bacteria
Enterobacteriaceae 28 20
Escherichia coli 17 7
Klebsiella spp. 8 8
Other gram-negative microorganisms* 4 8
Fungi
Candida spp 5 1
Chrysosporium sp 1 0
Unknown 0 1

a= Only the first positive culture result of each infection consistent with the primary endpoint was used. If, in one patient,
different organisms were cultured from different sites (e.g., from the initial positive blood culture and from pancreatic
necrosis) these are all listed. If, in one patient, the same organism was cultured from different sites, this organism

was listed only once. b= Bacillus spp (2), Clostridium sp (1), Corynebacterium striatum (1), Propionibacterium sp (1),

and unknown (1). c= Aeromonas spp (1), Bacteroides spp (2), Moraxella catarrhalis (1), Neisseria meningitidis (2),
Pasteurella multocida (1), Pseudomonas auruginosa (1), Stenotrophomonas maltophilia (3), and Veillonella sp (1).

ference in the categorised percentage intake between the groups was found (data
not shown; P=0.78). No infections were confirmed to be caused by any of the probi-
otic strains administered. During the study, two serious adverse events were repor-
ted; both patients died. The monitoring committee convened on both occasions: in
one patient, a ruptured caecum with ischaemia was found during emergency lapa-
rotomy and the second patient had small-bowel ischaemia diagnosed at emergency
laparotomy. In both cases, the randomisation code was broken (both patients had

received probiotics). This information was revealed only to members of the monito-
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2 4
0 P=0.01
15 1
Probiotics
10
5.
Placebo
0 4
0 10 20 30 40 50 60 70 80 90
Days at randomization
No. at risk
Probiotics 152 141 138 136 135 133 132 131 130 130
Placebo 144 141 139 139 138 137 136 136 136 136

FIGURE 8.2. Kaplan-Meier time-to-event analysis for mortality in the first 90 days after randomi-
sation A follow-up of longer than 90 days was obtained in 266 (90%) patients. Three deaths occurred

after 90 days: two in the probiotics group (day 112 and 125) and one in the placebo group (day 140).

ring and steering committees. A review of published work did not reveal any eviden-
ce of a relation between bowel ischaemia and the use of probiotics. The monitoring
committee subsequently advised that the study continue. The institutional review
board was informed on both occasions.

There was no significant difference in the occurrence of the composite primary end-
point between the two groups, nor were there any significant differences between
the groups in its individual components (tasLE 8.2). The risk ratio for the primary
endpoint was 1.06 (95% CI 0.75-1.51) TaBLE 8.3 shows the pathogens cultured from
the 87 patients with an infectious complication; no significant differences between
the groups were observed.

There were significantly more deaths in the probiotics group than there were in the

placebo group P=0.01; TaBLE 8.2 and FIGURE 8.2); the risk ratio for mortality was
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2.53 (95% CI 1.22-5.25). Most of the deaths were caused by multiple organ failure:
20 (83%) of those in the probiotics group and seven (78%) of those in the placebo
group. Other causes of death were respiratory failure after aspiration (one) and cere-
bral infarction/bleeding (three) in the probiotics group, and ruptured aneurysm
(one) and cerebral infarction (one) in the placebo group.

Bowel ischaemia was detected during operation or autopsy in nine patients in the
probiotics group; eight of these patients died as a result. No cases of bowel ischae-
mia were seen in the placebo group (P=0.004 for difference between groups;
TABLE 8.4). The nine cases of bowel ischaemia were all diagnosed within the first 14
days of admission in seven different hospitals; four university and three teaching
hospitals. In all nine patients, contrast-enhanced CT (either the baseline CT or an
earlier CT) showed unequivocal evidence of acute pancreatitis. All these patients
had early onset of organ failure (median 2 days after admission, range 1-6 days). At
the time of diagnosis of bowel ischaemia, six patients had vasopressor support (14
patients in the placebo group and 23 in the probiotics group had vasopressor sup-
port in the first 14 days). Patients had received a median of six doses of probiotics
(range 4-22 doses) before diagnosis of bowel ischaemia. The small bowel was invol-
ved in eight of the nine patients (including the survivor). During autopsy (six
patients), five patients with small-bowel ischaemia had no sign of occlusive disease
in the mesenteric vessels.

Apart from the patients with bowel ischaemia, 11 patients died in the 2 weeks after
admission: eight in the probiotics group and three in the placebo group. These
patients died of multiple organ failure without signs of bowel ischaemia.

No significant differences were noted between the groups for the serial SOFA sco-
res (data not shown). Although more patients in the probiotics group than in the pla-
cebo group developed organ failure during the study there was no difference
between the groups with regard to organ failure that started after the day of rando-
misation (P=0.6). During the study, 102 (34%) patients developed the most severe
form of acute pancreatitis (organ failure or pancreatic parenchymal necrosis); 56
(87%) in the probiotics group and 46 (32%) in the placebo group. 18 patients did not
undergo a CT: the treating physician deemed CT unnecessary in 17 patients, or the
patient refused because of good clinical condition; one patient in the placebo group
died on day 4 before CT could be done. The latest point at which a baseline CT was
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done was 10 days after admission. Predefined subgroup analyses were done for the
presence of pancreatic parenchymal necrosis (any extent) and cause (biliary vs. non-
biliary) for both the primary endpoint and mortality. The tests for interaction were
not significant - i.e. we could not confirm an interaction between probiotic admini-
stration and pancreatic necrosis or underlying cause for either the primary endpoint
or for mortality. In the subgroup of patients with pancreatic parenchymal necrosis,
one or more infectious complication consistent with the primary endpoint occurred
in 82 (70%) of 46 patients in the probiotics group vs. 18 (53%) of 34 patients in the
placebo group (P=0.16). In patients with pancreatic parenchymal necrosis, 19 (41%)
of 46 patients in the probiotics group died, compared with five (15%) of 34 in the
placebo group (P=0.01).

DISCUSSION

This randomised, double-blind, placebo-controlled trial in patients with predicted
severe acute pancreatitis showed no beneficial effect of probiotic prophylaxis on the
occurrence of infectious complications. However, mortality in the probiotics group
was about twice as high as in the placebo group. Thus, this combination of probio-
tics should not be administered routinely in patients with predicted severe acute
pancreatitis, and such preparations can no longer be considered to be harmless
adjuncts to enteral nutrition.

The rate of infectious complications in our study is in line with a large German mul-
ticentre study (31%) on antibiotic prophylaxis in predicted severe acute pancreati-
tis.® Although antibiotic prophylaxis was strongly discouraged in our study, antibio-
tics were used in about half the patients, although only a third of all patients had a
documented infection. Antibiotics were sometimes started pre-emptively, on the
basis of clinical suspicion of infection before bacterial culture results becoming avai-
lable. Obviously, this clinical indication for antibiotic treatment leads to false-positi-
ve diagnoses of infectious complications. The overall rate of antibiotic use in our
study was no different from that in the placebo groups of trials of antibiotic prophy-
laxis in acute pancreatitis.”®

The adverse effects of probiotics noted here were unexpected. Several studies have
associated probiotics with a reduction in infectious complications.’*!* Most of these

studies have been done in patients undergoing elective abdominal operations.
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However, one randomised study in 90 critically ill patients showed a non-significant
increase in septic complications in the probiotics group;?* another randomised study
in 61 children admitted to a paediatric intensive-care unit was discontinued prema-
turely because of a non-significant increase in infections in the probiotics group.?2¢
To date, the main criticism of most randomised controlled trials of probiotic pro-
phylaxis is methodological shortcomings - e.g., analyses not done by intention to
treat and sample sizes too small to provide convincing evidence on relevant clinical
endpoints.

Two small placebo-controlled randomised controlled trials of probiotic prophylaxis
have been done in patients with acute pancreatitis. The first study randomised 45
patients with both predicted mild and predicted severe pancreatitis of solely non-
biliary causes.! The infection rate was lower in the probiotics group than in the pla-
cebo group; no effect on mortality was noted. However, this study was criticised
because patients with biliary pancreatitis were excluded, the sample size was small,
and analyses were not by intention to treat.?”?® In the second trial, done by the same
research group in 62 patients with predicted severe pancreatitis, the difference in
the rate of infectious complications seen in the first trial could not be reproduced.?’
This second study used a probiotic preparation previously found to be effective in
preventing infectious complications in patients undergoing abdominal operati-
OnS.lS'M

Because the findings of our trial are in marked contrast with the previous reports,
we scrutinised our results and methodology for explanations other than a deleteri-
ous effect of probiotics. Randomisation was successful, since there were no signifi-
cant differences in baseline characteristics between groups. In the probiotics group
there was a (non-significantly) higher proportion of patients with organ failure befo-
re randomisation as well as a greater proportion of patients with more than 30%
pancreatic parenchymal necrosis than in the placebo group. When we assessed this
imbalance by use of logistic regression, the (adjusted) mortality remained signifi-
cantly higher in the probiotics group than in the placebo group (data not shown).
There was no indication that treatment effects differed in the subgroup analyses. We
also considered whether the composition of the product or the doses used explained
the effects noted. The daily dose was similar to doses used in previous studies and,

although the combination of probiotic strains administered was different from the
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preparations used so far, the individual strains have an unblemished reputation as
probiotics, both in (smaller) clinical studies and in daily practice in the food indus-
try. The six probiotic strains used in this study were selected from 69 different pro-
biotic bacteria on the basis of their capacity to inhibit growth of gut-derived patho-
gens and to modulate immune responses.?’ The combination of strains was shown
to result in a better antimicrobial spectrum, induction of interleukin 10, and silen-
cing of pro-inflammatory cytokines than the individual components.? The combi-
nation of strains was found capable of inhibiting the in-vitro growth of a wide varie-
ty of pathogens cultured from pancreatic necrosis.?! Again, the combination of
strains had better growth-inhibiting capacities than did the individual strains.!
Additionally, when the preparation was administered before induction of severe
acute pancreatitis in rats, a significant reduction of both infectious complications
and late mortality was noted.*® The same preparation was also used in three small
clinical studies under elective circumstances in healthy volunteers, patients with ile-
ostomy, patients about to undergo pancreaticoduodenectomy, and patients with pri-
mary sclerosing cholangitis, and no adverse events were noted (unpublished data,
trial registry ISRCTN45167712, ISRCTN71637623, and NCT00161148).
However, these patients were less ill than the patients in the present study.
Previous randomised trials with probiotics have been of much smaller sample size
and with fewer critically ill patients than in the present study. Consequently, the
power of these studies was too small to detect differences in mortality or uncommon
adverse events such as bowel ischaemia. In our study, probiotics caused a significant
increase in mortality, most likely a result of deleterious effects on the (small) bowel
wall. After administration of probiotics, no significant increase in new-onset organ
failure was seen. Possibly, probiotics especially exert their adverse effects in patients
in whom organ failure has already occurred. Because the exact mechanism causing
the bowel ischaemia seen here is, at present, unknown, we cannot exclude or con-
firm that another product - e.g., a combination of strains or one strain alone - would
have resulted in similar results. However, in view of the fatal nature of these compli-
cations, the administration of any type of probiotic in this category of patients must
strongly be advised against until the mechanism of the complications has been unra-
velled.

The occurrence of non-occlusive mesenteric ischaemia is well known in critically ill

ACUTE PANCREATITIS: NEW FRONTIERS IN DIAGNOSIS AND TREATMENT 127



PART II INTERVENTIONS TO PREVENT SECONDARY INFECTIOUS COMPLICATIONS

patients,®! and several cases of non-occlusive mesenteric ischaemia have been repor-
ted in acute pancreatitis.®> Such complications could explain why only two of the
nine cases of mesenteric ischaemia seen in this study were reported as a serious
adverse event. Evidence exists to suggest that intestinal bloodflow at the mucosal
level is generally reduced in acute pancreatitis. An experimental study in rats found
a reduction in bloodflow to the intestinal mucosa of up to 85%.% A clinical study in
patients with severe pancreatitis showed a significant increase in a biological marker
for enterocyte death and small-bowel ischaemia.** In a severely ill patient going
through a phase of severe systemic inflammation or organ failure, an already criti-
cally reduced bloodflow and oxygen supply in the small-bowel mucosa might be
further compromised by the administration of enteral feeding, known for its increa-
sed demand for local oxygen.*> This effect is probably local, since ischaemia usu-
ally occurs at the site of administration of enteral feeding.**¢ However, until now,
this occurrence has not been recognised as an argument to refrain from enteral
nutrition in critically ill patients because the beneficial effects outweigh the small
risk of developing ischaemia.

We can only speculate as to the mechanism of bowel ischaemia in the probiotics
group. The administration of 10 billion probiotic bacteria per day on top of enteral
nutrition might have even further increased local oxygen demand, with a combined
deleterious effect on an already critically reduced bloodflow. A second possible
explanation could be that the presence of probiotics caused local inflammation at
the mucosal level. Experimental studies have shown that gut epithelial cells under
metabolic stress react to commensal bacteria with an inflammatory response.®” One
could postulate that increasing the bacterial load in the small bowel could lead to
aggravation of local inflammation, again with a further reduction of capillary blood-
flow and ultimately ischaemia. Notably, three of the six autopsy reports of patients
with bowel ischaemia mentioned inflammatory changes of the small-bowel wall.

A speculative parallel with immunonutrition can be drawn from a recent meta-ana-
lysis showing that although immunonutrition in elective surgical patients reduced
the infection rate, it increased mortality in critically ill patients.®® This effect was
seen only in studies of high methodological quality and the reasons for the increa-
sed mortality could not be identified. Experimental studies in rats showed that pre-

treatment with glutamine protects against the effects of bowel ischaemia,® whereas
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mortality increased when glutamine was administered after the induction of a low
flow state.*” Apparently, there is reason for concern about administration of potent
immuno nutritional supplements in the presence of a low flow state, or more gene-
rally, in the critically ill.

Our findings show that probiotics should not be administered routinely in patients
with predicted severe acute pancreatitis, and that the particular composition used
here should be banned for the present indication. Whether other (combinations of)
strains might have resulted in different results is debatable, but, until the underlying
mechanism is actually revealed, administration of probiotics in patients with predic-
ted severe acute pancreatitis must be regarded as unsafe. Most importantly, probio-
tics can no longer be considered to be harmless adjuncts to enteral nutrition, espe-
cially in critically ill patients or patients at risk for non-occlusive mesenteric ischae-

mia.
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INTRODUCTION

Infections are responsible for most of deaths in acute pancreatitis.! Intestinal barrier
dysfunction (i.e., enterocyte damage and increased intestinal permeability) and sub-
sequent bacterial translocation from the intestinal tract to the blood stream and/or
distant organs are believed to precede these infectious.? Yet, no clinical study has
confirmed an association between intestinal barrier dysfunction, bacterial transloca-
tion, and actual infections in acute pancreatitis.

Intestinal barrier dysfunction can be tested in several ways. Enterocyte damage can
be assessed by measuring the urinary concentration of intestinal fatty acid binding
protein (IFABP).3* Intestinal permeability can be assessed by recovery of enterally
administered polyethylene glycols (PEGs) with varying molecular weights.>” Urinary
nitrate excretion (NOX) is a noninvasive marker of intestinal bacterial translocation.®
In the present study, we assessed intestinal barrier function in a subset of patients
included in a randomised, placebo-controlled multicentre trial on probiotic prophy-
laxis in predicted severe acute pancreatitis (PROPATRIA; probiotics in pancrea-
titis trial).” We investigated whether: a. enterocyte damage, increased intestinal per-
meability, and bacterial translocation are associated with severity of disease and cli-
nical infections in acute pancreatitis, and whether b. the administered probiotics

play a role in mitigating or deteriorating these associations?

METHODS

Within 24 to 48 hours after randomization in PROPATRIA, a solution of 100 mL
water containing 5 g PEG 400 kDa, 1.5 g PEG 1500 kDa, 5 g PEG 4000 kDa, and
10 g PEG 10,000 kDa was administered enterally, after which 24-hour urine output
was collected. This procedure was repeated after 7 days. Recovery of the PEG
molecules in the urine was analysed by reverse-phase high performance liquid chro-
matography.

IFABP concentrations were determined in 100 WL urine samples, taken from the
24-hour urine collected for the PEG permeability test, using a human IFABP enzy-
me-linked immunosorbent assay Kkit.

The amount of NOx in the 24-hour urine sample, which was also used for the PEG
analysis, was determined by automated flow injection analysis as previously descri-
bed.?

136 ACUTE PANCREATITIS: NEW FRONTIERS IN DIAGNOSIS AND TREATMENT



INTESTINAL BARRIER DYSFUNCTION IN ACUTE PANCREATITIS CHAPTER 9

A P =0.02 B P=0.01
E E
> 1500 S 1500
N NS
@ @
L g
2 fa
g 1000 & 1000
B E]
R= =
c c
2 k=)
® ®
g 500 S 500
o o
c c
o o
o o
a a ]
[aa] [aa]
= =
0 J_ 1 0 1
Probiotics (n=69) Placebo (n=72) Probiotics (n=13) Placebo (n=13)

FIGURE Q.I. A IFABP (initial 72 hours), reflecting enterocyte damage, in patients receiving
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We investigated whether IFABP, PEG, and NOx were associated with bacterae-
mia, infected necrosis, organ failure, severe pancreatitis, and mortality. In addition,
the effect of probiotic prophylaxis on IFABP, PEG, and NOx was studied. Effects
of probiotics were studied in the subgroups of patients with and without organ fai-

lure separately.

RESULTS

Between January 2005 and March 2007, 141 patients (probiotics, n=69 vs. placebo,
n=72) were included. PEG recovery was higher in patients who developed bactera-
emia (PEG 4000, P=0.001), organ failure (PEG 4000, P<0.0001), or died (PEG 4000,
P=0.009). IFABP concentrations in the first 72 hours were higher in patients who
developed bacteraemia (P=0.03), infected necrosis (P=0.01), and organ failure
(P=0.008). NOx levels were higher in patients who developed bacteraemia (P=0.03),
infected necrosis (P=0.02), organ failure (P<0.0001), or severe acute pancreatitis
(P=0.003), but only at the second test.

Median IFABP levels 24 to 48 hours after start of treatment were higher in the pro-
biotics group (P=0.02, ricURE g.1.a). This difference was greatest in the subgroup
of patients with organ failure (P=0.01, FIGURE 9.1.B).

Probiotic prophylaxis did not affect intestinal permeability as assessed by PEG
recovery.

Median NOx levels, 24 to 48 hours after start of treatment, were lower in patients
receiving probiotics (P=0.02, FiGURE g.2.4a). In patients without organ failure, pro-
biotics prophylaxis decreased NOx levels significantly (P=0.02). However, after 7
days, in patients suffering from organ failure, probiotics administration was associa-

ted with increased NOx levels (P=0.002, FiGURE g.2.B).

DISCUSSION

This is the first clinical study ever demonstrating a relationship between intestinal
barrier dysfunction and clinically relevant infections in acute pancreatitis. Our main
findings are that: 1. intestinal barrier dysfunction occurs early in the course of acute
pancreatitis and is related to infectious complications (e.g., bacteraemia and infecti-
on of necrosis), organ failure, severe acute pancreatitis, and mortality; 2. the probi-

otic preparation used in this study (Ecologic 641) did not alter intestinal permeabi-
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lity as indicated by PEG permeability; 3. in patients with acute pancreatitis and con-
comitant organ failure, probiotic prophylaxis was associated with an increase in
enterocyte damage as measured with IFABP and an increase in bacterial transloca-
tion as measured with NOx; and 4. in patients without organ failure, prophylaxis
with this specific combination of strains did not influence enterocyte damage but
reduced bacterial translocation.

Many of our findings supports the more than 20 years old ‘gut as motor of sepsis’
hypothesis.?2 Future studies aiming at preventing infectious complications in acute
pancreatitis should focus on improving intestinal barrier function early in the course
of the disease. We can only speculate at this point as to which mechanism can be
held responsible for the harmful effect of probiotics in patients with organ failure

due to acute pancreatitis.’
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PART ITI EARLY ENDOSCOPIC INTERVENTION FOR BILIARY PANCREATITIS

ABSTRACT

BACKGROUND

Accurate prediction of common bile duct (CBD) stones in acute biliary pancreati-
tis (ABP) is warranted to select patients for early therapeutic endoscopic retrogra-
de cholangio(pancreatico)graphy (ERCP). We evaluated commonly used bioche-
mical and radiological predictors for CBD stones in a large prospective cohort of

patients with ABP undergoing early ERCP.

METHODS
167 patients with ABP undergoing early ERCP (<72 hours after symptom onset)
were prospectively included in 15 Dutch hospitals (2004-2007). Abdominal ultra-
sound (US) and/or computed tomography (CT) was performed on admission and
complete liver biochemistry determined daily. We used univariate logistic regressi-
on to assess associations between CBD stones during ERCP (gold standard) and
the following parameters: 1. clinical: age, sex, predicted severity, 2. radiological; dila-
ted CBD, impacted stone in CBD, and 3. biochemical; bilirubin, gammaglutamyl-
transferase (GGT), alkaline phosphatase (AP), alanine aminotransferase (ALT) and

aspartate aminotransferase (AST).

RESULTS

73/167 patients (44%) had predicted severe ABP, 51 (31%) exhibited a dilated CBD
and 15 (9%) had CBD stones on US/CT. ERCP was performed at a median of 0
days (interquartile range 0-1) after admission. CBD stones were found during
ERCP in 89/167 patients (53%). In univariate analysis, the only parameters signifi-
cantly associated with CBD stones were GGT (per 10 units increase: odds ratio
1.02, 95%-CI 1.01-1.03, P=0.001) and AP (per 10 units increase: odds ratio 1.03, 95%-
CI 1.00-1.05, P=0.028). These and all other tested parameters, however, showed poor
positive predictive value (ranging from 0.53 to 0.69) and poor negative predictive

value (ranging from 0.46 to 0.67).

CONCLUSIONS
The results of this study suggest that commonly used biochemical and radiological
predictors for the presence of CBD stones during ERCP in the earliest stages of ABP

are unreliable.
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INTRODUCTION

Acute biliary pancreatitis is thought to be caused by temporary obstruction of the
major duodenal papilla by gallstones and /or sludge.!? These patients often early
undergo therapeutic endoscopic retrograde (pancreatico)graphy (ERCP).1%2
International guidelines agree that early ERCP should be performed in all patients
with acute biliary pancreatitis (i.e., both predicted mild and predicted severe) and
suspicion of cholangitis and/or biochemical or radiological signs of common bile
duct stones.'3* In patients with predicted severe ABP without biochemical or radi-
ological signs of CBD stones, the role of ERCP remains controversial. The ratio-
nale for therapeutic ERCP is to relieve the biliary obstruction by removal of com-
mon bile duct (CBD) stones or sludge to ultimately reduce disease severity and risk
of complications. Nevertheless, in a large proportion of patients, spontaneous passa-
ge of gallstones and sludge will occur.? In clinical practice, the decision to perform
early ERCP is often based on biochemical and radiological criteria such as the pre-
sence of cholestatic liver biochemistry and a dilated CBD. These commonly used
markers have been shown to accurately predict CBD stones in patients with gallsto-
ne disease in the absence of pancreatitis.®

Only few studies have evaluated the accuracy of biochemical and radiological pre-
dictors for CBD stones in patients with acute biliary pancreatitis specifically.” In
these studies, CBD stones were assessed relatively late in the disease (i.e. after 4-7
days after admission, usually by intraoperative cholangiography during elective
laparoscopic cholecystectomy. Consequently, the predictive value of biochemical
and radiological markers for CBD stones in the earliest stage of acute biliary pan-
creatitis (i.e. upon admission) is unknown. This is relevant because, if ERCP has to
be performed, the procedure should be done as soon as possible to have the highest
chance of mitigating the pancreatic inflammatory process. Indeed international gui-
delines advise ERCP to be performed within 24-72 hours after admission in those
patients with an indication for the procedure.'*

The aim of this study was to evaluate the predictive value of common biochemical
and radiological parameters for the presence of CBD stones during early ERCP in

a large prospective cohort of patients with acute biliary pancreatitis.

ACUTE PANCREATITIS: NEW FRONTIERS IN DIAGNOSIS AND TREATMENT 145



PART ITI EARLY ENDOSCOPIC INTERVENTION FOR BILIARY PANCREATITIS

PATIENTS AND METHODS

STUDY DESIGN AND PATIENT SELECTION

We performed a retrospective analysis of a prospective database of 731 patients with
acute pancreatitis admitted to the 15 centers of the Dutch Pancreatitis Study Group
between March 2004 and March 2007. Acute pancreatitis was defined as abdominal
pain in combination with serum amylase or lipase concentrations that were raised
to at least three times the institutional upper limit of normal. The ethical review
board of each participating hospital approved the protocol and all patients or their
legal representatives gave written informed consent for inclusion in the prospective
database. A subset of patients with predicted severe acute pancreatitis from this
cohort were reported in a previously published randomized study on probiotics in
pancreatitis'® and a prospective study on the clinical outcome after ERCP in acute
biliary pancreatitis.’®

All patients had complete laboratory investigations on the first 3 days of admission
and all patients underwent abdominal ultrasound (US) and/ or contrast enhanced
computed tomography (CT) on admission. Predicted severity of acute pancreatitis
and biliary aetiology were assessed in all patients within 72 hours after onset of
symptoms. Criteria for predicted severe pancreatitis were: a) an Acute Physiology
and Chronic Health Evaluation (APACHE)-II score 28!, or b) Modified Glasgow
score 23'2, or c) C-reactive protein (CRP) >150 mg/L."® Patients were stratified to
predicted mild or predicted severe acute biliary pancreatitis based on the highest
scores measured before ERCP, in order to prevent severity prediction from being
influenced by ERCP. Biliary etiology was defined as the presence of at least one of
the following criteria: a. gallstones and/or sludge on US or CT b. dilated CBD on
ultrasound or CT (diameter >8 mm for age =75 years and diameter >10 mm for age
>75 years) c. two of the following three laboratory abnormalities: 1. serum bilirubin
level concentration >2.3 mg/dL; 2. alanine aminotransferase (ALT) activity >100
U/L with an ALT activity greater than the aspartate aminotransferase (AST) activi-
ty; 3. alkaline phosphatase (AP) activity >195 U/L with a gammaglutamyltransfera-
se (GGT) activity >45 U/L. Other causes of acute pancreatitis (e.g. alcohol abuse)
and signs of chronic pancreatitis (clinical history and CT) had to be absent.

All patients with ABP who underwent ERCP within 72 hours after admission (i.e.
early ERCP) were included in the current study. ERCP was performed at discretion
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of the treating physician.

From the entire cohort of 731 patients admitted with acute pancreatitis during the
study period, 418 patients (57%) met the criteria for acute biliary pancreatitis:
34/418 patients (8%) underwent previous cholecystectomy and 315/418 patients
(75%) had gallbladder stones on US and/ or CT on admission.

A total of 174/418 patients (42%) underwent early ERCP. In seven patients, ERCP
was unsuccessful and the CBD could not be depicted. These patients were excluded
from further analysis because the presence of CBD stones could not be assessed.
The 167 patients undergoing successful ERCP with depiction of the CBD formed
the final study population.

PREDICTORS AND OUTCOME
The following predictors were investigated: 1. clinical predictors: age, sex, predicted
severity of pancreatitis; 2. radiological predictors: the presence of a CBD stone or
dilated CBD (diameter >8 mm for age =75 years and diameter >10 mm for age >75
years) on US or CT and 3. biochemical predictors: maximum values of bilirubin,
AST,ALT, GGT and AP as measured before ERCP. The outcome was the presen-
ce of a CBD stone during early ERCP.

STATISTICAL ANALYSIS
All analyses were performed using SPSS version 15.0.0 (SPSS, Chicago, IL, USA).
Continuous variables are shown as median (interquartile range). Associations
between the individual predictors and the presence of a CBD stone during ERCP
were assessed by univariate logistic regression. Predictors significantly associated
with CBD stones (P>0.05) were entered in a multivariate logistic regression model.
Results are shown as odds ratio’s (OR) and 95%-confidence intervals (CI). For all
biochemical parameters except bilirubin, odds ratio’s corresponding to a change of
10 units are reported. The fit of the logistic models for continuous variables was
assessed using the Hosmer-Lemeshow test. The biochemical predictors were plot-
ted in a receiver operator characteristics (ROC) curve. Sensitivity, specificity, positi-
ve predictive values and negative predictive values were calculated for all predictors.
For the biochemical predictors, cut-off points were based on the 25th, 50th and 75th

percentiles. A P-value <0.05 was considered statistically significant.
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TABLE I0.I Prevalence and median values of predictors for common bile duct stones in 167
patients with acute biliary pancreatitis undergoing early ERCP

Patients with (BD Patients without CBD

All patients stone during ERCP stone during ERCP

Predictor (n=167) (n=89) (n=78)
Clinical

Male sex - no. (%) 74 (44) 47 (53) 46 (59)

Age 61 (28-74) 63 (48-75) 59 (49-71)

Predicted severe biliary

pancreatitis - no. (%) 94 (56) 46 (52) 48 (62)
Radiological

Dilated CBD - no. (%) 51 (31) 30 (34) 21 (27)

Impacted CBD stone - no. (%) 15 (9) 8 (9) 7 (9)
Biochemical

Bilirubin 2.8 (1.6-4.2) mg/dL 2.9 (1.9-4.3) 2.6 (1.3-4.0)

AST 257 (160-410) U/L 285 (174-417) 221 (137-409)

ALT 318 (150-539) U/L 340 (158-560) 295 (129-456)

GGT 433 (249-700) U/L 487 (317-776) 355 (209-523)

AP 170 (115-294) U/L 209 (220-308) 154 (111-241)

* Continuous data are medians (interquartile range)
Upper limits of normal values for biochemical predictors are: bilirubin: 1.2 mg/dL; AST: 45 U/L; ALT: 55 U/L; GGT: 45 U/L;
and AP: 125 U/L.

RESULTS

From the 167 patients undergoing successful ER CP with depiction of the CBD, 15
patients (9%) underwent previous cholecystectomy and 122 patients (73%) had gall-
bladder stones on US and/ or CT on admission. ERCP was performed at a median
of 0 days after admission (interquartile range 0-1). Time from onset of symptoms to
ERCP was less than 24 hours in 43 patients (26%), between 24 and 48 hours in 99
patients (59%) and between 48 and 72 hours in 25 patients (15%). CBD stones were
found during ERCP in 89/167 patients (58%). CBD stones and/or sludge was
detected during ERCP in 109/167 patients (66%). Endoscopic sphincterotomy with
or without stone removal was performed in 150/167 patients (90%).

The prevalence of clinical and radiological predictors and median values of bioche-
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TABLE 10.2 Univariate logistic regression analysis of clinical, radiological and biochemical
predictors for CBD stones in patients with acute biliary pancreatitis undergoing

early ERCP
Predictor 0dds Ratio 95%-Cl P Value
Clinical
Sex 0.78 0.42-1.44 0.42
Age 1.01 0.99-1.03 0.43
Predicted severe ABP 0.67 0.36-1.24 0.20
Radiological
Dilated CBD 1.38 0.71-2.68 0.34
Impacted CBD stone 1.00 0.35-2.90 0.99
Biochemical
Bilirubin 1.00 0.99-1.01 0.79
AST® 1.01 0.99-1.00 0.38
ALT* 1.02 0.99-1.00 0.41
GGT* 1.02 1.01-1.03 0.001
AP* 1.03 1.00-1.05 0.028

* presented odds ratio is for these biochemical predictors is for every increase of 10 units

mical predictors in the study population is given in TABLE 10.1.

There were no significant differences in prevalence of CBD stones for patients wit-
hout radiological or biochemical signs of cholestasis (n=51), patients with radiologi-
cal or biochemical signs of cholestasis (n=87), and patients with radiological and bio-
chemical signs of cholestasis (n=29): 43%, 58% and 59% respectively (P=0.22). There
was also no significant association between timing of ERCP (i.e. time from onset of
symptoms to ERCP) and the prevalence of CBD stones. The percentage of CBD
stones for patients undergoing ERCP on day 0 (n=43), day 1 (n=99) or day 2 (n=25)
after onset of symptoms was: 56%, 54% and 48% respectively (P=0.82).

The results of logistic regression are summarized in TaBLE 10.2. The Hosmer-
Lemeshow goodness of fit test indicated satisfactory fit (P>0.05) for all continuous
variables. None of the clinical or radiological parameters were significantly associa-
ted with the presence of CBD stones. When both GGT and AP were entered as
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FIGURE I0.I. Receiver operator characteristics curve for biochemical predictors of CBD stones in

167 patients undergoing early ERCP

covariates in a multivariate logistic regression model, only GGT remained a signi-
ficant predictor for CBD stones: OR 1.01 (per 10 units increase); 95% CI 1.00-1.03
P=0.02). There was no significant difference in the predictive values of all biochemi-
cal and radiological parameters between patients with predicted mild and predicted
severe ABP (data not shown).

We also analyzed the clinical, biochemical and radiological predictors for the pre-
sence of ampullary stones: 31/167 patients (19%) had ampullary stones during
ERCP. The only predictor significantly associated with ampullary stones during
ERCP was age: OR 1.03; 95% CI 1.00-1.05; P=0.036. There was no significant diffe-
rence in biochemistry values and the percentage of patients with dilated CBD or

impacted CBD stones on first imaging between patients with impacted ampullary
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TABLE 10.3 Discrimination and predictive values of radiological and biochemical predictors
for CBD stones early in the course of acute biliary pancreatitis

Positive Negative
Predictor Sensitivity Specificity predictive value  predictive value
Radiological
Dilated CBD 0.34 0.73 0.59 0.49
Impacted CBD stone 0.11 0.89 0.53 0.46
Biochemical®
Bilirubin
cut-off > 1.6 mg/dL 0.83 0.29 0.58 0.60
cut-off > 2.6 mg/dL 0.55 0.49 0.56 0.49
cut-off > 4.2 mg/dL 0.28 0.77 0.59 0.48
AST
cut-off > 160 U/L 0.82 0.29 0.57 0.60
cut-off > 259 U/L 0.55 0.57 0.59 0.53
cut-off > 411 U/L 0.25 0.76 0.54 0.48
ALT
cut-off > 153 U/L 0.77 0.27 0.54 0.51
cut-off >313 U/L 0.54 0.53 0.56 0.51
cut-off > 538 U/L 0.30 0.81 0.64 0.51
GGT
cut-off >252 U/L 0.85 0.36 0.60 0.67
cut-off > 433 U/L 0.60 0.59 0.63 0.56
cut-off >704 U/L 0.32 0.84 0.69 0.52
AP
cut-off > 114 U/L 0.81 0.27 0.56 0.56
cut-off > 168 U/L 0.61 0.59 0.62 0.57
cut-off >291 U/L 0.31 0.81 0.64 0.51

* Cut-off values are based on the 25th, 50th and 75th percentiles
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stones and patients with free floating CBD stones during ERCP (data not shown).
From the biochemical values, only GGT and AP were significantly associated with
CBD stones. The ROC curves for the individual biochemical predictors for CBD
stones are shown in FIGURE 10.1. The areas under the curve were as follows: biliru-
bin, 0.56, GGT, 0.65; AP, 0.60; AST, 0.56; ALT, 0.56. Discrimination and predicti-
ve values for all predictors, including different cut-off values for the biochemical pre-
dictors, are given in TABLE 10.3. Diagnostic value was poor for all individual pre-
dictors, including GGT and AP, despite their significant association with CBD sto-
nes in univariate logistic regression. The results were similar when combining slud-
ge and stones in CBD as outcome measure, and when combining the individual

biochemical and radiological parameters in a predictive model (data not shown).

DISCUSSION

This study evaluated the predictive value of commonly used radiological and bio-
chemical markers for CBD stones in patients undergoing ERCP in the earliest sta-
ges of acute biliary pancreatitis. We found that none of the investigated criteria,
which included cholestatic liver biochemistry and dilated CBD on US or CT, accu-
rately predicted the presence of CBD stones. In roughly half the patients with signs
of biochemical or radiological signs of cholestasis, a CBD stone was not detected
during ERCP, and vice versa.

Our findings can be explained in several ways. First, although the interval between
ERCP and admission (thus the time of laboratory measurements and imaging) was
generally very short, CBD stones may have spontaneously passed before ERCP
could have been performed in some patients. Second, cholestatic liver biochemistry
may have been caused by other factors than CBD stones in these patients with acute
biliary pancreatitis, for instance local oedema from the pancreatic head due to pan-
creatic inflammation. Third, radiographic signs of cholestasis (i.e. a dilated CBD)
and impacted CBD stones may have been inaccurately interpreted, as it has been
demonstrated that abdominal US is less accurate in patients with acute pancreatitis,
as compared to general patient population with gallstone disease.!*!5

In contrast to our results, several other studies reported high predictive values for
biochemical and radiological markers for CBD stones in patients with acute biliary

pancreatitis.”® However, there are some important differences between these studies
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and the current analysis. First of all, previous studies were retrospective. Moreover,
our study is the first to evaluate the prediction for CBD stones very early in the
course of acute biliary pancreatitis in all patients. It is generally agreed upon that, if
the decision to perform ERCP is taken, the procedure should be performed as soon
as possible.!* We assessed CBD stones with ER CP which was performed on admis-
sion in most patients. Conversely, other studies usually evaluated CBD stones with
intra-operative cholangiography which was performed at a later stage (i.e., after 4-7
days after admission), by which time CBD stones may have spontaneously passed
into the duodenum.™ These studies reported high predictive value for biochemical
and radiological markers. However, because the patients in these studies were asses-
sed at a relatively late stage of the disease, the predictive values reported are proba-
bly only relevant for persistent CBD stones. As suggested by our findings, the com-
monly used radiological and biochemical markers do not reliably predict CBD sto-
nes early in the course of disease (i.e. the potential window for therapeutic ERCP).
There was also no significant association between predicted severity of acute biliary
pancreatitis and the presence of CBD stones. It should be noted, that even if com-
monly used scoring systems to predict disease severity!""* would also be accurate in
predicting CBD stones, they would still be of limited value since assessment of
these scores often needs longer time (i.e., 48 hours) than one wants to wait to per-
form early ER CP. Moreover, if predictive sores would be assessed after therapeutic
ERCP, predicted severity might even be influenced by the procedure.

A theoretical shortcoming of this study is the fact that the decision to perform
ERCP was left to the treating physician. This decision was without any doubt influ-
enced by the presence of biochemical and radiological signs of cholestasis. As a
result, selection bias may have occurred and therefore the a priori risk for CBD sto-
nes in our study population is probably greater than the risk in the general popula-
tion of patients with acute biliary pancreatitis. However, the indication for ERCP
varied greatly among the 15 participating centers: some centers performed ERCP
in almost every patient, whereas other centers performed ERCP only in patients
with concurrent cholangitis. Consequently, a considerable number of patients in our
study did not have biochemical or radiological signs of cholestasis, and CBD stones
were only found in half of the patients. It is therefore unlikely that patient selection

explains the negative findings of this study. Notably, selection of patients with a high
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a priori risk for CBD stones would theoretically only increase the chance the finding
associations, whereas we did not find any.

A limitation of the current study was, that predicted severity was assessed based on
the highest laboratory values and the worst physical examination parameters mea-
sured before ERCP. The rationale was that the procedure itself could have influen-
ced the severity scores. Also, severity scores have generally been validated without
ERCP being performed in the first 48 hours. As in our study ERCP was generally
performed on the day of admission and several predictive severity scores have been
validated based on the highest score in the first 48 hours of admission,!® some
patients in this study may have been incorrectly classified as predicted mild acute
pancreatitis, while in fact, they would have met the criteria for predicted severe
disease after 48 hours in-hospital observation. In contrast, we can be sure that
patients with predicted severe pancreatitis before ERCP were correctly classified.
Our findings suggest that, if the decision to perform early therapeutic ERCP in
patients with acute biliary pancreatitis is to be based on the likelihood of CBD sto-
nes, other diagnostic modalities than the commonly used biochemical and radiolo-
gical criteria should be considered. Alternatives could be endoscopic ultrasound
(EUS) or magnetic resonance cholangiopancreaticography (MR CP). These techni-
ques have shown good discrimination for CBD stones in patients with acute biliary
pancreatitis.’*2* However, it is known that with MRCP small CBD stones (i.e. <5
mm) are easily missed.?*? Moreover, as EUS and MRCP require an experienced
operator and are time consuming, these techniqees may introduce delay in thera-
peutic ERCP, and may lead also to false positive results because CBD stones may
pass spontanteously before ERCP is performed.? Although there is some evidence
that EUS has a higher diagnostic accuracy for CBD stones in acute biliary pancrea-
titis than ERCP,%°2% EUS is currently not a standard procedure early in the course
of acute biliary pancreatitis worldwide. In the Netherlands, EUS is currently also
not performed to assess the presence of CBD stones early in the course of ABP.
These modalities could therefore not be evaluated in the current study.

In conclusion, the results of the current study suggest that commonly used bioche-
mical and radiological predictors for CBD stones are unreliable in the earliest sta-

ges of acute biliary pancreatitis.
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ABSTRACT

BACKGROUND

Early endoscopic retrograde cholangiopancreatography (ERCP) should be perfor-
med in all patients with acute biliary pancreatitis (ABP) and co-existing acute cho-
langitis. In patients without cholangitis and predicted mild ABP it is generally
accepted that early ERCP should not be performed. Nevertheless, there is a con-
troversy regarding the role of early ERCP in the treatment of patients with predic-
ted severe ABP without cholangitis. We reviewed randomised trials on early ERCP

versus conservative management in patients with ABP without acute cholangitis.

METHODS
Relevant publications in 3 electronic databases (MEDLINE, EMBASE,
Cochrane Central Register of Controlled Trials) were systematically reviewed and

meta-analysed.

RESULTS
Seven randomised trials on ERCP in acute pancreatitis were found, of which 3
including a total of 450 patients (230 in the ERCP arm and 220 in the control arm)
qualified for a meta-analysis according to predefined criteria. In all patients with
ABP (predicted mild and severe), early ER CP was associated with a non-significant
reduction in overall complications (risk ratio [RR], 0.76; 95% confidence interval
(CI), 0.41-1.40; P=0.38) and a non-significant increase in mortality (RR 1.13, 95% CI
0.23-5.63, P=0.88). Subgroup analysis based on predicted severity did not affect
these outcomes (overall complications: predicted mild: RR 0.86; 95% CI 0.62-1.19;
P=0.36; predicted severe: RR 0.82; 95% CI 0.32-2.10; P=0.68; mortality: predicted
mild: RR 1.90; 95% CI 0.25-14.55, P=0.53; predicted severe: RR 1.28; 95% CI 0.20-
8.06; P=0.80).

CONCLUSION
In this meta-analysis, early ERCP in patients with predicted mild and predicted
severe ABP without acute cholangitis did not lead to a significant reduction in the

risk of overall complications and mortality.
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INTRODUCTION

Acute biliary pancreatitis (ABP) is the most frequent form of acute pancreatitis in
Western countries.? There are 2 mechanisms generally accepted regarding the
pathogenesis of ABP: reflux of bile into the pancreatic duct and transient ampulla-
ry obstruction caused by sludge or an impacted stone in the ampulla.?* Patients with
small gallstones and sludge are particularly at risk for acute pancreatitis.® By early
endoscopic retrograde cholangiopancreatography (ERCP) and endoscopic sphinc-
terotomy (ES) bile-duct stones and sludge can be removed, and obstruction released
with potentially improved outcome. Nevertheless, despite technical improvements
shown in recent years and an increased experience of endoscopists, there is a docu-
mented risk of procedure-related complications.5® In addition, it is well recognized
that most small gallstones pass spontaneously without causing further harm.**
Indisputable benefits of endoscopic biliary drainage in patients with acute cholangi-
tis have been stressed in the recent Tokyo Guidelines.! It is generally accepted that
patients with predicted mild ABP without signs of acute cholangitis do not benefit
from early ERCP.! Controversy persists, however, whether patients with predicted
severe ABP in absence of acute cholangitis should undergo early ERCP.""13 The
2005 UK guidelines on acute pancreatitis state that all patients with predicted seve-
re ABP (irrespective of the presence of acute cholangitis) should undergo early
ERCP* whereas the recent guidelines of the American College of Gastroen-
terology recommend that early ER CP is performed only in patients with acute cho-
langitis and severe acute pancreatitis (organ failure).! The 2007 guidelines of the
American Gastroenterology Association state that early ERCP in patients with pre-
dicted severe ABP without signs of acute cholangitis is controversial and the availa-
ble data are not uniform in support of this practice.'® Indeed, several randomised
controlled trials (RCTs) that compared early ER CP, with or without ES, to conser-
vative treatment with selective ERCP, with or without ES, have shown conflicting
results.!5!® The first meta-analysis on this subject did not provide a definite answer.2°
The second meta-analysis aimed to control for a possible modifying effect of acute
cholangitis and showed that early ERCP decreased complications in all patients
with predicted severe ABP, regardless of the presence of cholangitis.?! However, this
meta-analysis included a RCT in which 35% of patients suffered from acute pan-

creatitis of a nonbiliary cause.'” Finally, 1 new RCT has been published since that
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time.!® Therefore, the present meta-analysis aims to compare early ERCP, with or
without ES, with conservative management in patients with ABP without signs of
cholangitis. A predefined subgroup analysis on patients with predicted severe and

predicted mild ABP will be performed.

METHODS

SEARCH STRATEGY AND SELECTION CRITERIA

A systematic literature search with predefined search terms was carried out in the

MEDLINE, EMBASE, and Cochrane databases for articles published until

March 1, 2007 (r1cure 11.1). All identified articles and review articles were screen-

ed for cross-references of articles that included information on ERCP in acute pan-

creatitis. Language restrictions were not applied. The title and abstract of all identi-
fied articles were screened for the following inclusion criteria:

1. Study population: patients with ABP without signs of acute cholangitis. Acute
cholangitis should be either an exclusion criterion or separate data on patients
without acute cholangitis should be presented.

2. Intervention: early ERCP (i.e., within 72 hours after admission) with
or without ES.

3. Comparison: conservative treatment with selective ERCP with or without ES.

4. Study outcomes: mortality and overall complications.

5. Study design: participants were assigned to either ERCP or comparator by ran-

dom allocation.

DATA EXTRACTION AND QUALITY ASSESSMENT
Titles and abstracts of all retrieved records and subsequently full-text articles were
examined independently by 2 authors (MSP, HCvS) to identify trials that satisfied
the inclusion criteria. Discrepancies in selection were resolved by discussion
between the authors of this meta- analysis. The Jadad scale was used to grade the
methodological quality of the trials included.? This scale consists of 3 items regar-
ding: 1. random allocation, 2. masking of patients, 3. dropouts and withdrawals. The
quality scale ranges from 0 to 5 points, with 2 or less indicating low quality and 3 or
higher indicating high quality. In addition, 3 other criteria were applied regarding:

4. allocation concealment (yes or no), 5. blinding of end point assessment (yes or no,
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Database Search strategy

MEDLINE (‘acute pancreatitis’ [Title/Abstract] OR ‘pancreatitis’ [Title /Abstract]) AND (‘gallstone’
[Title/Abstract] OR ‘gallstones’ [Title/Abstract] OR ‘biliary” [Title/Abstract]) AND (‘ERCP’
[Title/Abstract] OR ‘endoscopic retrogade cholangiopancreatography’ [Title /Abstract] OR
‘sphincterotomy’ [Title/Abstract] OR ‘papillotomy” [Title /Abstract]) AND (‘conservative’
[Title/Abstract])

EMBASE ‘pancreatitis” AND (‘ERCP’ OR ‘endoscopic retrogade cholangiopancreatography’ OR ‘Vater
papillotomy” OR ‘sphincterotomy’) AND [humans]/lim

Cochrane library ‘pancreatitis” AND (‘endoscopic retrogade cholangiopancreatography’ OR ‘papillotomy” OR
‘sphincterotomy”

Potentially relevant publications identified
and screened (n=197)

Not RCTs (n=190)

Potentially appropriate RCTs to be considered
for the meta-analysis (n=7)

RCTs excluded from meta-analysis (n=190)

RCTs included in meta-analysis (n=3)

FIGURE II.I. Flow chart illustrating the details of the search and study selection process

irrespective of blinding of treatment for patient and physician), and 6. missing data
(at least 90% of the data reported). Data with regard to the reported group size,
baseline characteristics, and numbers of events for each end point were extracted

and documented independently by 2 authors (MSP, HCvS).

STATISTICAL ANALYSIS

The data analysis was performed with the meta-analysis software Comprehensive
Meta-Analysis (Borenstein M, Hedges L, Higgins J, Rothstein H. Comprehensive
Metaanalysis Version 2, Biostat, Englewood, NJ, 2005). From the pooled data, the
risk ratio (RR) and risk difference (RD) with the 95% confidence interval (CI) were
calculated for the following end points: mortality and overall complications. The
Mantel-Haenszel method was used for the pooled analysis of included trials. When

no events were observed in both treatment groups of a particular trial, we added an
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event fraction (0.001) to the ERCP group to allow inclusion of such trials in the pool-
ed data analysis. Funnel plots were created to explore possible biases (i.e., reporting,

publication and reviewer bias).

RESULTS

The literature search yielded 197 publications. The details of the literature search
and selection of studies are shown in FIGURE 11.1. Seven potentially eligible RCTs
on ERCP in acute pancreatitis were identified and 4 studies were excluded. The
first excluded trial'” studied all patients with acute pancreatitis, irrespective of the
cause, instead of only ABP. Moreover, neither patients with acute cholangitis were
excluded nor was data for this subgroup presented separately. Patients in the second
excluded RCT? were randomised to early ERCP, with or without ES, only in the
case of persisting ampullary obstruction (based on clinical, biochemical, and ima-
ging criteria) during more than 24 hours. Consequently, ER CP was performed only
in 47% of patients in the intervention arm. The third excluded RCT?* aimed to
study exclusively patients with severe nonbiliary pancreatitis. The fourth trial?* was
excluded because patients undergoing duodenoscopy for suspected ABP were sub-
sequently randomised to ES or no ES (i.e., a RCT with different intervention and
comparison than the current meta-analysis). Moreover, the last 2 studies?*? were
only published in abstract form. In the 3 RCTs satisfying the inclusion criteria,
patients with acute cholangitis were either excluded specifically,'!* or outcome of
patients without acute cholangitis was presented separately.!® With funnel plots
publication bias for the different outcomes could not be detected (data not shown).
The study characteristics for the 3 trials, including their definition of acute cholan-
gitis, are shown in TABLE 11.1. A total of 450 patients were included: 230 were allo-
cated to early ERCP with or without ES; 220 were allocated to conservative treat-
ment with elective ERCP with or without ES. In the early ERCP groups of the 3
trials altogether, ERCP was successful in 214 of 230 patients (93%). In these 214
patients, ES was performed in 114 patients (53%) and a common bile duct stones
were removed in 111 patients (52%). ERCP procedure- related complications
occurred in 5 patients (2%). In the conservative treatment groups of the 3 trials alto-
gether, 33 of the 220 patients (15%) underwent ERCP, of which 30 (91%) were suc-

cessful. In addition, 14 patients underwent ES (47%), common bile duct stones were
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removed in 33 patients (43%), and ERCP procedure-related complications did not
occur. Two of 3 RCTs had a Jadad quality score?? grade 2 (taBLE 11.2). The demo-
graphic data of patients are summarized in TaBLE 11.3. Complications and mortali-
ty were reported in all 3 trials. The results of the meta-analysis of the included trials
for complications and mortality are presented in TABLE 11.4. Early ERCP reduced
the risk for overall complications (pooled RR for all ABP patients: 0.76; 95% CI
0.41-1.40) (r1cURE 11.2) while it increased the risk of mortality (pooled RR for all
ABP patients: 1.13; 95% CI 0.23-5.63) (ricUurE 11.3). These results did, however,
not reach statistical significance. Because of the low absolute risks for mortality and
complications, these RRs translate in a very small reduction in the absolute risk for
complications (pooled RD for all ABP patients: -0.08; 95% CI -0.22 to 0.07) and a
very small increase in the absolute risk for mortality (pooled RD for all ABP
patients 0.001; 95% CI -0.08 to 0.09) (taBLE 11.4). These results did, however, not
reach statistical significance. Based on the reported data the meta-analysis was stra-
tified for predicted severe and predicted mild ABP. For this analysis additional
unpublished data were provided by Oria et al.!* It should be noted that Folsch et al.!®
failed to report the disease severity for 32 patients due to post hoc classification of
their data. Consequently, the data on these 32 patients could not be analysed. The
stratification for severity did not result in significant differences for the risk of com-
plications (FIGURES 1I.4, 11.5) and mortality (FIGURES 11.6, 11.7) between the
ERCP group and the conservative treatment group in both patients with predicted
mild and predicted severe ABP.

DISCUSSION

In this meta-analysis of RCTs comparing early ER CP, with or without ES, with con-
servative treatment in patients with ABP without signs of acute cholangitis, no
beneficial effect of early ERCP on mortality and overall complications was obser-
ved both in patients with predicted mild and patients with predicted severe ABP.
These results suggest that early ERCP in patients with ABP without coexisting
cholangitis is an unnecessary invasive procedure. Notably, in the included RCTs,
only about half the patients that underwent a successful ERCP were found to have
common bile duct stones. This finding is in accordance with the recent study by

Acosta et al.,? in which 62% of patients with ABP and ampullary obstruction (defi-
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Random effects model:

Effect of early ERCP on complications (all patients)

Study name  Subgroup

Neoptolemos  al
Folsch all
Oria all

Outcome

complications
complications
complications

Events/Total MH risk ratio and 95% Cl
Early
ERCP Conservative
6/53 19/57 -
58/126  57/112
11/51 9/51
0,01 0,1 1 10 100

Favours Early ERCP  Favours Conservative

FIGURE II.2. Forest plot for overall complications associated with early ERCP with or without ES

compared with conservative management in all patients with acute biliary pancreatitis.

Random effects model: Effect of early ERCP on mortality (all patients)

Study name  Subgroup

Neoptolemos  all
Folsch all
Oria all

Outcome

death
death
death

Events/Total MH risk ratio and 95% Cl
Early

ERCP Conservative

0/53 5/57

14/126  7/112

3/51 1/51

0,01 0,1 1 10 100

Favours Early ERCP  Favours Conservative

FIGURE II.§. Forest plot for mortality associated with early ERCP with or without ES compared

with conservative management in all patients with acute biliary pancreatitis.

Random effects model: Effect of early ERCP on complications (predicted mild patients)

Study name  Subgroup
Neoptolemos  mild
Folsch mild
Oria mild

Outcome

complications
complications
complications

Events/Total MH risk ratio and 95% Cl
Early

ERCP Conservative

3/33 4/32

35/84  36/76

3/34 4/30

0,01 0,1 1 10 100

'

Favours Early ERCP  Favours Conservative

FIGURE II.4. Forest plot for overall complications associated with early ERCP with or without ES

compared with conservative management in patients with predicted mild acute biliary pancreatitis.
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Random effects model: Effect of early ERCP on complications (predicted severe patients)

Study name  Subgroup Outcome Events/Total MH risk ratio and 95% CI
Early
ERCP Conservative
Neoptolemos  severe complications 3/20 15/25
Folsch severe complications 17/26 14/20
Oria severe complications 8/17 5/21
0,01 0,1 1 10 100

Favours Early ERCP  Favours Conservative

FIGURE II.5. Forest plot for overall complications associated with early ERCP with or without ES

compared with conservative management in patients with predicted severe acute biliary pancreatitis.

Random effects model: Effect of early ERCP on mortality (predicted mild patients)

Study name  Subgroup Outcome Events/Total MH risk ratio and 95% Cl
Early
ERCP Conservative
Neoptolemos ~ mild death 3/20 15/25
Folsch mild death 17/26  14/20
Oria mild death 8/17 5/21
0,01 0,1 1 10 100

Favours Early ERCP  Favours Conservative

FIGURE II.6. Forest plot for mortality associated with early ERCP with or without ES compared
with conservative management in patients with predicted mild acute biliary pancreatitis.

Random effects model: Effect of early ERCP on mortality (predicted severe patients)

Study name  Subgroup Outcome Events/Total MH risk ratio and 95% Cl
Early
ERCP Conservative
Neoptolemos  severe death 3/20 15/25 -
Folsch severe death 17/26 14/20 _
Oria severe death 8/17 5/21 |

0,01 01 1 10 100

Favours Early ERCP  Favours Conservative

FIGURE II.7. Forest plot for mortality associated with early ERCP with or without ES compared

with conservative management in patients with predicted severe acute biliary pancreatitis.
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ned in this study as severe and continuous epigastric pain, bilefree gastric aspirate,
and elevated serum bilirubin level) showed spontaneous relief of obstruction within
48 hours from the onset of symptoms. In the RCTs included in this meta-analysis,
ES was performed only when common bile duct stones were visualised during
ERCP. In daily clinical practice, however, ES is often also performed in the absen-
ce of common bile duct stones because of a potential falsenegative ERCP in case of
sludge, microlithiasis or missed common bile duct stones. The design of an optimal
strategy in biliary pancreatitis is frustrated by a low sensitivity of pre-ERCP dia-
gnostic tools to confirm the presence of common bile duct stones. To increase on
this sensitivity several studies with new imaging modalities have been performed.
Magnetic resonance cholangiopancreatography (MRCP) and endoscopic ultraso-
nography (EUS) have been proposed as minimal invasive diagnostic techniques to
identify common bile duct stones, to further reduce the number of unnecessary
ERCPs.26%0 A recent RCT comparing EUS (with selective ERCP and ES in case
of common bile duct stones) with ERCP and selective ES in 140 patients with ABP
showed a higher success rate for examination rate of the biliary tree with a compa-
rable morbidity and mortality risk in patients undergoing EUS with selective
ERCP?! On the other hand, MRCP is known to miss small gallstones (<6 mm),*?
while these are associated with the risk for acute pancreatitis.” Moreover, both
MRCP and EUS are not yet widely available and because experience is scant, EUS
may be technically difficult to perform in the early stage of ABP. In the interpreta-
tion of the present meta-analysis the following aspects deserve attention. Firstly, the
methodological quality of the included trials was relatively low (i.e., Jadad score??
below 3 for 2 of the 3 included trials). However, these data are still the best availa-
ble. Secondly, the included trials used different definitions with respect to acute cho-
langitis, and included different subgroups of patients with ABP (raBLE 11.1).
Neoptolemos et al.! included all patients with ABP and presented separate data on
patients without acute cholangitis. Oria et al.! included only patients with ABP and
clinical evidence of biliopancreatic obstruction without acute cholangitis. Folsch et
al.’® excluded all patients with a bilirubin >5 mg per deciliter (90 Wwmol per liter),
thereby expelling a proportion of patients with acute cholangitis, but also likely
excluding some patients with biliopancreatic obstruction without acute cholangitis.

Furthermore, the incidence of cholestasis varied among the 3 included RCTs as a
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consequence of the different eligibility criteria of these trials. Although focus has his-
torically been on acute cholangitis rather than cholestasis (without cholangitis), the
presence of cholestasis alone might also be of influence on the clinical impact of
early ERCP. Thirdly, the 3 studies used different definitions for ‘early’ ERCP.
Neoptolemos et al.! considered early ERCP as within 72 hours after admission,
regardless of duration of symptoms at time of admission. The 2 other trials'®'® defi-
ned early as within 48 to 72 hours after onset of symptoms. Fourthly, there was con-
siderable variation among the 3 trials in the definition of ‘overall complications’ as
outcome (e.g., gallbladder empyema, recurrent pancreatitis, respiratory insufficien-
cy, ascites, lumbar osteitis, infected pancreatic necrosis). As a likely result of this vari-
ation, the incidence of complications in the patients treated conservatively varied
from 19%" to 51%.!® The above mentioned differences in patient populations and
definitions on intervention and outcome might explain the different outcomes of
various trials.

Fifthly, based on the individual findings of the performed RCTs!*!® and previous
meta-analyses,?*?! the role of early ERCP is most controversial in the subgroup of
patients suffering from a predicted severe attack of ABP without signs of acute cho-
langitis. Although in the current meta-analysis patients with predicted severe ABP
did not benefit from early ERCP, it should be noted that the number of patients
with predicted severe APB included was relatively small (n=129). Moreover, the
accuracy of current clinical scores for predicting severity is known to be quite poor.
Oria et al.’? used quite a low cutoff level (APACHE II >6) for “predicted severe” ABP.
As a result, few patients identified as predicted severe eventually did suffer from cli-
nically severe pancreatitis, as shown by low rates of organ failure and limited pan-
creatic necrosis (a low computed tomography severity index).! Folsch et al.!® defi-
ned severity post hoc which resulted in a failure to define severity in 13% of rando-
mised patients. Finally, the results of this meta-analysis conflict with those of a pre-
vious Cochrane meta-analysis,?! which, unlike this study, included the trial by Fan et
al.’7 We excluded the trial of Fan et al. because this study included patients with a
nonbiliary cause of acute pancreatitis and included patients with acute cholangitis,
without presenting separate data for patients without acute cholangitis. However,
when we provisionally included trial by Fan et al. in the calculations, the pooled esti-

mates of this meta-analysis did not change (data not shown). In conclusion, the pre-
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sent meta-analysis does not demonstrate a beneficial effect of early ERCPE, with or
without ES, in both patients with predicted mild and severe ABP without cholangi-
tis. There is, however, a lack of data on the subgroup of patients with predicted seve-
re ABP. Therefore, a new adequately powered RCT in this setting may be justified.
In the future study, patients with acute cholangitis should be excluded, timing after
onset of the disease should be clearly defined, and stratification for the presence or

absence of cholestasis (biochemical and radiological) seems appropriate.
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ABSTRACT

BACKGROUND

The role of early endoscopic retrograde cholangiopancreatography (ERCP) in acute
biliary pancreatitis (ABP) remains controversial. Previous studies have included
only relatively small number of patients with predicted severe ABP. We investiga-
ted the clinical effects of early ERCP in these patients.

METHODS

We performed a prospective, observational multicentre study in 8 university medical
centres and 7 major teaching hospitals. 153 patients with predicted severe ABP wit-
hout cholangitis enrolled in a randomised multicentre trial on probiotic prophylaxis
in acute pancreatitis were prospectively followed. Conservative treatment or ERCP
within 72 hours after symptom onset (at discretion of the treating physician) were
compared for complications and mortality. Patients without and with cholestasis (bili-

rubin >2.3 mg/dL and/or dilated common bile duct) were analysed separately.

RESULTS

81/153 patients (53%) underwent ERCP and 72/153 patients (47%) conservative
treatment. Groups were highly comparable at baseline. 78 patients (51%) had cho-
lestasis. In patients with cholestasis, ERCP (52/78 patients: 67%), as compared with
conservative treatment, was associated with fewer complications (25% vs. 54%,
P=0.020, multivariate adjusted odds ratio [OR], 0.35; 95% confidence interval [CI],
0.13-0.99; P=0.049). This included fewer patients with >30% pancreatic necrosis (8%
vs. 31%, P=0.010). Mortality was nonsignificantly lower after ERCP (6% vs. 15%,
P=0.213, multivariate adjusted OR 0.44; 95% CI 0.08-2.28; P=0.330). In patients wit-
hout cholestasis, ERCP (29/75 patients: 39%) was not associated with reduced com-
plications (45% vs. 41%, P=0.814, multivariate adjusted OR, 1.36; 95% CI 0.49-3.76;
P=0.554) or mortality (14% vs. 17%, P=0.754, multivariate adjusted OR 0.78; 95% CI
0.19-3.12; P=0.734).

CONCLUSIONS

Early ERCP is associated with fewer complications in predicted severe ABP if cho-

lestasis is present.
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INTRODUCTION

Acute biliary pancreatitis (ABP) is the most common form of acute pancreatitis in
the western world.'? It is believed that stones and sludge in the bile duct cause
(ampullary) obstruction with subsequent inflammation of the pancreas.® In approxi-
mately 80% of patients, the disease runs a mild clinical course, whereas in 20% of
patients a severe clinical course occurs. The latter is associated with various compli-
cations such as pancreatic necrosis, multi-organ failure, and high mortality (up to
30%).+® Theoretically, early endoscopic retrograde cholangiopancreatography
(ERCP) may prevent complications in ABP through decompression of the com-
mon bile duct (CBD) by removal of gallstones and/or sludge and subsequent
sphincterotomy. Therefore, in the last 20 years, several randomised controlled trials
(RCTs) have investigated the clinical effect of early ERCP in ABP.”'° From these
studies it is generally concluded that patients with ABP and concurrent cholangitis
should undergo early ERCP, and that patients with predicted mild ABP without
cholangitis should not.! The role of early ERCP in patients with predicted severe
ABP, however, remains controversial. While the 2005 UK guidelines on acute pan-
creatitis recommend emergency ERCP in these patients,'! two more recent
American guidelines state that the value of early ERCP in predicted severe ABP
without cholangitis is yet undetermined.!® This is explained by the fact that the
published RCTs included only small numbers of patients with predicted severe ABP
(range 38-58 patients), and were hence statistically underpowered to detect clinical
effects in the group of most severely ill patients.”° In a recent updated meta-analy-
sis, we could not show a beneficial effect of early ERCP in patients with predicted
severe ABP without cholangitis.!? However, the study population was heterogene-
ous and the sample size remained fairly small. Moreover, there are presently no
solid data to determine whether the effect of early ERCP in predicted severe ABP
differs between patients with and without radiographic/ biochemical signs of choles-
tasis.

In the current prospective, observational, multicentre study we examined whether
early ERCP, as compared with conservative treatment, is associated with a reduced
risk of complications and mortality in patients with predicted severe ABP without
cholangitis. Patients with and without cholestasis were assessed separately and the

association of ERCP characteristics with clinical outcome was evaluated.
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METHODS

STUDY POPULATION AND DESIGN

This study evaluated a subset of patients with predicted severe ABP from a larger
cohort of patients enrolled in the Dutch RCT on probiotic prophylaxis in acute pan-
creatitis ISRCTN38327949): the PRObiotics in PAncreatitis TRIAI (PROPA-
TRIA)." The present observational study was prospectively designed and the study
questions and all definitions (e.g., inclusion criteria, treatment groups, endpoints)
were established prior to inclusion of the first patient.

PROPATRIA included adult patients with a primary episode of predicted severe
acute pancreatitis of all causes. Acute pancreatitis was defined as abdominal pain
with serum amylase and/or lipase levels elevated to at least three times the institu-
tional upper limit of normal. Criteria for predicted severe acute pancreatitis were:
a. an Acute Physiology and Chronic Health Evaluation (APACHE)-II score 28,
or b. Imrie score 23,"° or c¢. C-reactive protein (CRP) >150 mg/L'¢ within 72 hours
after onset of symptoms. Between March 2004 and March 2007, PROPATRIA
enrolled 296 consecutive patients with predicted severe acute pancreatitis in 8 uni-
versity medical centres and 7 major teaching hospitals.

The current study included all patients from PROPATRIA diagnosed with ABP
within 72 hours after onset of symptoms. ABP was defined as: a. gallstones and/or
sludge diagnosed on trans-abdominal ultrasound or computed tomography (CT)
performed on admission or b. dilated CBD on ultrasound or CT (diameter >8 mm
for age 75 years and diameter >10 mm for age >75 years) c. two of the following
three laboratory abnormalities: 1. serum bilirubin level >2.3 mg/dL [40 wmol/L];
2. alanine aminotransferase (ALAT) level >100 U/L with an ALAT level greater
than the aspartate aminotransferase (ASAT) level; 3. alkaline phosphatase (AF)
level >195 U/L with a gamma-glutamyltransferase (GGT) level >45 U/L. Other cau-
ses of acute pancreatitis (e.g., alcohol abuse) and signs of chronic pancreatitis (histo-
ry and CT) had to be absent. The published RCTs on this topic have used similar
radiographical”®!® and/ or biochemical”® prediction for ABP.

Based on the situation within 72 hours after onset of symptoms and before ERCP,
patients were divided into three predefined groups: 1. potential cholangitis (serum
bilirubin level >1.2 mg/dL [20 wmol/L] and/ or dilated CBD on ultrasound or CT
and temperature >38.5°C); 2. cholestasis (serum bilirubin level >2.3 mg/dL [40
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umol/L] and/or dilated CBD, and temperature <38.6°C) and 3. no cholestasis or
potential cholangitis. To prevent confounding by cholangitis (an established indica-
tion for emergency ER CPY) patients with potential cholangitis were excluded from
further analysis. We used a broad definition for cholangitis (including a lower cut off
level for bilirubin than in the criteria for cholestasis) to prevent the unintentional
inclusion of patients with cholangitis and over-estimating the effects of ERCP.

This study was conducted in accordance with the principles of the Declaration of
Helsinki. The ethical review board of each participating hospital approved the pro-

tocol. All patients or their legal representatives gave written informed consent.

TREATMENT PROTOCOL

Patients were treated according to a fixed treatment protocol.’® This consisted of
nasojejunal enteral feeding with a probiotic preparation or placebo according to tre-
atment allocation, administered within 72 hours after onset of symptoms for a maxi-
mum of 28 days. Antibiotic prophylaxis in necrotising pancreatitis was not allowed.
Physical examination and laboratory measurements were performed daily.
Contrast-enhanced CT was performed routinely on 7-10 days after admission.
Patients with infected necrotising pancreatitis were treated with percutaneous drai-

nage and/or operative intervention according to decision of the treating physician.

EARLY ERCP AND CONSERVATIVE TREATMENT GROUPS

The decision to perform ERCP with or without sphincterotomy was left to the tre-
ating physician. ERCP was readily available in all centres. Patients were assigned to
the ‘early ERCP’ group when ERCP was performed within 72 hours after onset of
symptoms. Patients not undergoing ERCP or undergoing ERCP later than 72
hours were included in the ‘conservative treatment group’. ERCP was considered
successful when the CBD could be cannulated and stones or sludge (if present)
were evacuated after sphincterotomy. All ERCP procedures were performed by

experienced endoscopists.
ENDPOINTS

The primary endpoints were mortality and overall complications (see box for defi-

nitions) during admission and 90-day follow-up after admission. All complications
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were weighted equally; multiple complications in the same patient were considered
as one endpoint. Organ failure was defined as PaO9 <60 mmHg despite FiOg of
30%, or the need for mechanical ventilation (pulmonary insufficiency); serum crea-
tinine >177 mmol/L after rehydration or need for haemofiltration or hemodialysis
(renal failure), and systolic blood pressure <90 mmHg despite adequate fluid resus-
citation or need for vasopressor support (cardiocirculatory insufficiency), adapted
from the Atlanta Classification.* Multi-organ failure was defined as failure of two or
more organ systems on the same day.

Secondary endpoints were the CT severity index (CTSI),'® the need for percutane-
ous drainage or operative intervention because of (documented or suspected) infec-

ted necrosis, hospital stay, and intensive care stay.

DATA COLLECTION
Local physicians completed the case-record forms prospectively. An independent
data monitor performed an on site cross-check of at least 10% of the individual
patient data. One experienced radiologist (TLB) blinded for treatment (early
ERCP or conservative) and clinical outcome re-evaluated all CTs for the presence
and extent of pancreatic necrosis and CTSI. Before any analysis and blinded for
treatment, two investigators (HCvS and MGHB) checked all data on baseline cha-
racteristics and primary or secondary endpoints with primary source data. All
ERCP procedures were double-checked with primary source data by an experien-
ced endoscopist (KJvE) unaware of clinical outcome. Analyses were performed

only after agreement was reached on all endpoints.

STATISTICAL ANALYSIS
Analyses for the current study were performed according to a pre-established ana-
lysis plan using SPSS version 12.01 (SPSS, Chicago, IL, USA). The early ERCP
group was compared with the conservative treatment group for primary and secon-
dary endpoints. Patients with and without cholestasis were analysed separately.
Continuous data are presented as mean (+ SD) and in case of skewed distributions
as median (range). Differences were tested by the Student’s t test or Mann-Whitney
U test, respectively. Proportions were compared by the Fisher’s exact test. Being

interested in the effect on the primary endpoint of early ERCP only, multivariate
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Predicted severe acute pancreatitis
analyzed in PROPATRIA (n=296)

Excluded: non-biliary predicted severe
acute pancreatitis (n=120)

Predicted severe acute biliary pancreatitis
(n=176)

Excluded: potential cholangitis

(n=23)
Predicted severe acute biliary pancreatitis
without potential cholangitis (n=153)
Cholestasis No cholestasis
(n=78) (n=75)
Early ERCP Conservative treatment Early ERCP Conservative treatment
(n=52) (n= 26) (n=29) (n= 46)

FIGURE I12.I1. Patient inclusion flowchart

logistic regression was used to adjust for possible confounders. All baseline variables
that differed between the early ERCP group and conservative treatment group
(P<0.200) were entered in the model as covariates. The APACHE-II score was
always included to adjust for disease severity. Backward stepwise regression was
used to exclude variables with P>0.050. Accordingly, we used logistic regression to
investigate whether, in patients undergoing ERCP, there was any association
between the primary endpoints and the following ERCP characteristics: sphincte-
rotomy, pre-cut sphincterotomy, and cannulation/contrast injection of the pancrea-
tic duct. Results of logistic regression are presented as adjusted odds ratios (OR)
with exact 95% confidence intervals (CI). A two-sided P<0.050 was considered sta-
tistically significant.
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RESULTS

Patient inclusion is shown in Ficure 12.1. During the study period, 176 patients
with predicted severe ABP were included. On admission, gallbladder stones were
detected in 125 patients, gallbladder sludge in 10 patients, dilated CBD in 37
patients and biochemical criteria were met in 140 patients.

Presence of gallstones was proven unequivocally during admission (admission US or
CT or ERCP) in 147/ 176 patients (84%). A total of 23 patients (13%) met the crite-
ria for potential cholangitis and were excluded. Of the remaining 153 patients, 78
(561%) had cholestasis and 75 (49%) did not have cholestasis. Median time from
onset of symptoms to admission was 0 days (range 0-3). Median number of patients
enrolled per centre was 9 (range 1-26). Median percentage of patients with predic-
ted severe ABP who underwent early ERCP in each centre was 50% (range 0-
100%). There were three centres in which more than 80% of patients underwent
ERCP and three centres in which fewer than 30% of patients underwent ERCP.
Frequency of ERCP was not associated with patient characteristics: patient demo-
graphics, disease severity, and incidence of cholestasis were similar among the 15
centres (data not shown).

From the total of 153 patients, 81 patients (53%) underwent early ERCP and 72
patients (47%) underwent conservative treatment. Median time from onset of symp-
toms to early ERCP was 1 day (range 0-2). ERCP was performed in the first 24
hours after symptom onset in 17 patients (20%), between 25 and 48 hours after
symptom onset in 53 patients (66%) and between 49 and 72 hours after symptom
onset in 11 patients (14%).

In the conservative treatment group, elective ERCP was performed in 7 patients at
a median of 5 days (range 4-18) after onset of symptoms. None of these patients had
cholangitis, but 5 had cholestasis within 72 hours after onset of symptoms. Reasons
for ERCP in the conservative treatment group were: persisting cholestasis (n=4),
new onset cholestasis (n=1), contraindication for cholecystectomy due to co-morbi-

dity (n=1) and suspicion of an impacted stone in CBD on CT (n=1).
PATIENTS WITH CHOLESTASIS

In the group with cholestasis (n=78), 52 patients (67%) underwent early ERCP and
26 patients (33%) conservative treatment. The APACHE-II score on admission
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tended to slightly higher in the conservative treatment group than in the early
ERCP group (P=0.064; raBLE 12.1). The early ERCP and conservative treatment
groups were comparable for all other baseline variables (TABLE 12.1).

Primary and secondary endpoints are presented in TABLE 12.2. Significantly fewer
patients after early ERCP suffered from one or more complications (P=0.020).
Especially substantial (>30%) pancreatic necrosis occurred in significantly fewer
patients in the early ERCP group (P=0.010). After adjustment for the APACHE-
IT score in multivariate analysis, early ER CP remained associated with a lower risk
of overall complications (adjusted OR 0.35; 95% CI 0.13-0.99; P=0.049). Mortality
was non-significantly lower in the early ERCP group (P=0.130, adjusted OR in mul-
tivariate analysis, 0.44; 95% CI 0.08-2.28; P=0.330). Additional adjustment for indi-
vidual institution with multivariate analysis did not affect the results: the statistical-

ly significant beneficial effect of ERCP remained.

PATIENTS WITHOUT CHOLESTASIS
In the group without cholestasis (n=75), 29 patients (39%) underwent early ERCP
and 46 patients (61%) received conservative treatment. On admission, patients in
the conservative group had a significantly higher American Society of
Anesthesiologists (ASA) class than patients in the early ERCP group (P=0.016;
TABLE 12.1). All other baseline variables were similar for both treatment groups.

The incidence of overall complications and mortality was similar in the early ERCP
group and the conservative treatment group (P=0.814 and P=0.754 respectively;
TABLE 12.2). Multivariate analysis (with the APACHE-II score as the only signifi-
cant covariate after backward stepwise regression) did not show a significant bene-
ficial effect of early ERCP (overall complications: adjusted OR 1.36; 95% CI 0.49-
3.76; P=0.554, mortality: adjusted OR 0.78; 95% CI 0.19-3.12; P=0.734). Adjustment

for individual institution in multivariate analysis did not change these results.

DETAILS OF EARLY ERCPS
The characteristics of the 81 early ERCPs are presented in TaBLE 12.8. The inci-
dence of CBD stones during ERCP was higher in patients with cholestasis than in
patients without cholestasis, although not statistically significant (P=0.254). There

were no other differences between patients with and without cholestasis, including
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TABLE 12.3. Characteristics of ERCP procedures performed in 81 patients with predicted
severe acute biliary pancreatitis

Patients with Patients without
ERCP characteristic cholestasis (n=52) cholestasis (n=29) P value
Cannulation common bile duct 47 (90%) 24 (82%) 0.48
Stones in common bile duct 29 (56%) 12 (41%) 0.25
Sludge in common bile duct 17 (33%) 10 (34%) 0.99
Cannulation of pancreatic duct 25 (48%) 15 (52%) 0.82
Contrast in pancreatic duct 25 (48%) 12 (41%) 0.99
Papillotomy performed 45 (87%) 24 (83%) 0.99
Pre-cut papillotomy performed 9 (17%) 5 (17%) 0.99
ERCP Successful 46 (89%) 24 (82%) 0.51

Data are presented as n (%).

the percentage of sludge found in the CBD during ERCP. In 3 out of the 81
patients undergoing early ERCPs a stent was placed in the CBD. Reasons for bili-
ary stents were: an impacted stone in the CBD that could not be removed during
ERCP (n=1), the fact that the endoscopist was not completely sure that the CBD
was free of stones at the end of the procedure (n=1) and contra-indication for sphinc-
terotomy because of clotting disturbance (n=1). The first two of these patients also
underwent sphincterotomy during the procedure. No stents were placed in the pan-
creatic duct. Sphincterotomy was performed in the large majority of ERCPs. In one
patient in the group without cholestasis, diffuse bleeding occurred after sphinctero-
tomy, requiring local injections of epinephrine. Although deterioration of pancrea-
titis as a direct result of ERCP is difficult to assess, all indicators, including daily
serum levels of amylase and CRP during the first week of admission, were similar
in the ERCP and conservative groups (data not shown).

When evaluating the association of ERCP characteristics with clinical outcome in
multivariate analysis, the APACHE-II score remained the only significant covari-
ate after backward stepwise regression. There was no significant relation between
timing of ERCP (days between symptom onset and ERCP) and complications
(adjusted OR 1.32; 95% CI 0.58-2.99; P=0.505) or mortality (adjusted OR 0.47; 95%
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CI 0.11-2.01; P=0.307). Sphincterotomy was associated with a significant reduction
in overall complication rate (adjusted OR 0.24; 95% CI 0.06-0.93; P=0.040) albeit
without a significant effect on mortality (adjusted OR 1.38; 95% CI 0.13-14.44;
P=0.786). The apparent reduction in complications included fewer patients with
bacteraemia (11% vs. 45%, P=0.010) and pneumonia (6% vs. 27%, P=0.049). Of the
69 patients who underwent sphincterotomy, clinical outcome was similar for those
with stones and/or sludge in the CBD and without stones and/or sludge in the
CBD: complications occurred in 10/40 patients (25%) and 8/29 patients (28%) res-
pectively (P=1.000). Pre-cut sphincterotomy was also not significantly associated
with the incidence of overall complications (adjusted OR 1.64; 95% CI 0.49-5.44;
P=0.423) or mortality (adjusted OR 2.75; 95% CI 0.40-18.75; P=0.303). Furthermore,
cannulation/contrast injection of the pancreatic duct showed no significant associa-
tion with overall complications (adjusted OR 0.79, 95% CI 0.29-2.13, P=0.643) or
mortality (adjusted OR 1.15, 95% CI 0.21-6.18, P=0.871). In addition, indicators for
pancreatic inflammation such as daily serum levels of amylase and CRP during the
first week of admission did not differ between patients who had pancreatic duct can-
nulation/contrast injection and patients who did not have pancreatic duct cannula-

tion/contrast injection (data not shown).

DISCUSSION

This study is the largest prospective study conducted so far comparing early ERCP
with conservative treatment in patients with predicted severe ABP without cholan-
gitis. Outcome was compared according to the presence of cholestasis. The major
findings are: 1. In patients with predicted severe ABP and concurrent cholestasis,
early ERCP was associated with significantly fewer complications, including sub-
stantial pancreatic necrosis, and a non-significantly lower mortality; 2. In patients
with predicted severe ABP without concurrent cholestasis, early ERCP was not
associated with a significant reduction of complications or mortality; 3. In patients
undergoing early ERCP, sphincterotomy was significantly associated with fewer
complications, whereas precut sphincterotomy or pancreatic duct cannulation/con-
trast injection were not significantly associated with obvious adverse effects.

Four published RCTs have studied the effect of early ERCP in ABP.7° Only the
first two studies found beneficial effects of early ER CP.”¥ When comparing the four
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RCTs with the current study, several issues about these trials need to be taken into
account. First, different subgroups of pancreatitis were included: 1. all patients with
ABP, including those with cholangitis,” 2. acute pancreatitis of all causes,® 3. only
patients with ABP without ‘severe’ obstructive jaundice (bilirubin <5 mg/dL),® and
4. only patients with ABP with ‘biliopancreatic obstruction’ (bilirubin >1.3 mg/dL)
and CBD 28 mm), but without cholangitis.! Secondly, definitions varied considera-
bly between studies: e.g., for ABP’, ‘cholangitis’, ‘early ERCP’ (ranging from <48
hours after symptom onset!® to within 72 hours after admission’), and ‘overall com-
plications’. Thirdly, complications evaluated were often clinically only marginally
relevant and not clearly defined. Finally, the RCTs mostly included patients with
predicted mild ABP, who have a low a priori risk of complications. The vast majori-
ty of gallstones in predicted mild ABP probably pass spontaneously before ERCP
is performed. Several meta-analyses on the current topic have been performed with
conflicting results.’#19% Only the most recent meta-analysis included all RCTs that
studied patients with predicted severe ABP without cholangitis (3 RCTs, 129
patients).!? Early ERCP (n=63) did not significantly reduce the risk of overall com-
plications (relative risk, 0.82; CI 0.32-2.10; P=0.68) or mortality (relative risk 1.13;
95% CI 0.23-5.60; P=0.88). While these data suggest that early ERCP is not benefi-
cial, there is a substantial risk of a type II statistical error because patient numbers
were relatively small. More importantly, only a handful of patients in the pooled
data suffered from predicted severe ABP with concurrent cholestasis. Data on these
patients were not separately presented in the individual trials precluding subgroup
analysis.

Baseline characteristics of the current study population can not be compared with
other studies on early ERCP in ABP, because this is the first study to investigate
patients with predicted severe ABP only. Patient demographics and disease severi-
ty are, however, in line with recent multicentre studies on other interventions in pre-
dicted severe acute pancreatitis.??? In patients without cholestasis, ASA class was
somewhat lower in the early ERCP group than in the conservative treatment
group. Despite this potential advantage in clinical condition for the ERCP group,
ERCP was not associated with a beneficial effect, both in the crude and adjusted
multivariate analysis. In the group with cholestasis, patients undergoing early ERCP
tended to have a lower APACHE-II score (1.5 points) on admission. Although this
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slight difference is probably clinically not meaningful, we adjusted for this in the
multivariate analysis: this did not change our results.

Regarding the ERCP characteristics in the present study, ERCP success rate, the
rate of ER CP-associated complications and the percentage of CBD stones found
during ERCP were similar to previous reports.”!° In multivariate analysis, sphinc-
terotomy was associated with a significant reduction in overall complication rate.
This suggests that sphincterotomy should always be performed after early ERCP in
patients with predicted severe ABP, also in absence of CBD stones. In the latter
situation, sphincterotomy can be useful to remove sludge and microlithiasis (only
detected during microscopical examination)? which are important factors in the
pathogenesis of ABP.2* If ERCP is performed for other indications than acute pan-
creatitis, specific characteristics of the procedure (e.g., precut sphincterotomy, pan-
creatic duct cannulation or contrast injection) are associated with an increased risk
of complications.? In the current study, precut sphincterotomy and pancreatic duct
cannulation or contrast injection were not associated with clinical outcome.
Numbers were, however, too small to draw solid conclusions. Although the inciden-
ce of CBD stones during ERCP seemed higher in patients with cholestasis than in
patients without cholestasis, the magnitude of the difference was not convincing.
Probably, biliary obstruction is caused by other factors than gallstones (e.g., sludge,
microlithiasis or an oedematous pancreas) in a considerable number of patients in
the cholestasis group. Stones may also have passed to the duodenum shortly before
ERCP.

We found definite evidence of gallstone etiology in 84% of our patients. Because the
sensitivity of trans-abdominal ultrasound to detect gallbladder stones in patients
with acute pancreatitis is decreased to approximately 65%, as compared to 90-95%
in patients without pancreatitis,?*?® and because some patients exhibit only microli-
thiasis and biliary sludge,** one has to rely on additional criteria to establish a likely
biliary cause of acute pancreatitis on admission. Indeed, microscopic evaluation of
bile detects cholesterol crystals or sludge in 35-70% of patients presumed to have
acute ‘idiopathic’ pancreatitis.?>*! We relied in the present study, on a combination
of radiological and biochemical criteria, similar to earlier RCTs on this topic.”¥ A
recent authorative review? advises the criteria of either gallbladder stones on trans-
abdominal US and/or serum ALAT >60 IU during the first 48 hours of admission
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as diagnostic criteria for ABP. In our study, 166/176 patients (94%) met these dia-
gnostic criteria on admission. Nevertheless, we can not rule out that we have unin-
tentionally included some patients with idiopathic pancreatitis. If this occurred,
however, it did not affect the results: when excluding patients without definite gall-
stone etiology as based on admission radiology and/or ERCP from our analysis,
patients in the cholestasis group (n=65) who underwent ERCP still had significant-
ly fewer complications than those treated conservatively (56% vs. 25%, P=0.03).
We aimed to exclude patients with cholangitis because inclusion of these patients
would lead to potential bias toward a favourable effect of ER CP. Also, cholangitis is
an established indication for early ER CP.}>!! Despite our broad criteria for ‘poten-
tial cholangitis’, we can not rule out the possibility that we unintentionally included
some patients with cholangitis, because cholangitis can also occur without elevated
bilirubin and with temperatures below 38.5°C (i.e., our criteria for ‘potential cholan-
gitis’). Therefore, we want to stress that especially in case of conservative approach,
the clinician has to monitor the patient carefully for signs of emerging cholangitis,
which can also develop at a later stage in the course of the disease. A theoretical
advantage of early sphincterotomy is that it largely prevents risk of subsequent cho-
langitis. It should be noted, however, that none of the patients in the conservative
group (including the 7 patients who had a late ERCP) developed clinical signs of
cholangitis. Of the 23 excluded patients with ‘potential cholangitis’ 12 patients
underwent early ERCP (complications 42%, mortality 0%) and 11 conservative
management including antibiotics (complications 46%, mortality 18%). Although
this subgroup is obviously too small to generate statistically sound conclusions, we
agree with international guidelines that ERCP is indicated in patient with cholan-
gitis.’>!! In a post-hoc analysis combining patients with ‘cholestasis’ and ‘potential
cholangitis’ in the current study (n=101), ERCP was still associated with significant-
ly fewer complications (50% vs. 29%, P=0.03).

A limitation of the current study is that it did not have randomised design. On the
other hand, we included a large number of patients (153 patients, as compared with
129 patients in the pooled data of the available RCTs!?) with a high percentage of
concurrent cholestasis (51%) and we performed rigorous prospective data collecti-
on. Moreover, baseline characteristics were highly similar between the early ERCP

and conservative treatment group. This is explained by the great variation in indi-
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cation for ERCP among centres (0-100%) independent of disease severity and the
incidence of cholestasis in each centre. Consequently, when pooling the data from
all centres, early ERCP and conservative treatment could be compared with a mini-
mal risk of selection bias (thereby increasing internal validity). Therefore, we belie-
ve the variation in indication for ERCP among the participating centres is not a
shortcoming, but rather an advantage that allowed us to perform the current analy-
sis. Furthermore, as selection bias can never be completely ruled out in a non-ran-
domised design, we adjusted for potential differences at baseline and disease severi-
ty with logistic regression. Notably, this did not change our results.

One may argue that future studies on this topic are needed. Based on the data of the
current study, a new RCT would need a sample size of 2 x 50 patients with predic-
ted severe ABP and cholestasis to show a statistically significant effect of early
ERCP in patients with concurrent cholestasis (reduction of complications from
54% to 25% by ERCP, [3=0.20, two sided 0. =0.05). Although this represents quite
a challenge requiring a collaboration of multiple high volume (international) cen-
tres, such a study would be feasible. However, to detect a significant effect of early
ERCP in patients without cholestasis (the result of the current study suggest the
effect of ERCP, if present at all, would be very small), a very large sample size would
be needed: i.e. to show a 10% absolute difference in complications 2 x 365 patients
with predicted severe ABP without cholestasis would have to be randomised. It is
recognized that a new RCT on early ERCP in (predicted severe) ABP will proba-
bly not be performed in the near future.® In the situation were it is unfeasible to per-
form R CTs, well-designed, prospective, observational studies must yield the eviden-
ce needed for clinical decision making.

What is the relevance of the current study for clinical practice? Our results illustra-
te that consensus on this topic is lacking in daily practice, as the decision to perform
early ERCP varied greatly between 15 Dutch hospitals (including all university
medical centres). In patients without cholestasis, conservative treatment did not
lead to poorer outcome or secondary cholangitis, suggesting that early ERCP can
be withheld when cholestasis is absent. Nevertheless, these patients should still be
carefully monitored for emerging cholangitis at later stage.

In the presence of cholestasis, patients treated conservatively had poorer outcomes
than those undergoing early ER CP. We therefore feel ERCP should be especially

ACUTE PANCREATITIS: NEW FRONTIERS IN DIAGNOSIS AND TREATMENT 193



PART ITI EARLY ENDOSCOPIC INTERVENTION FOR BILIARY PANCREATITIS

considered whenever a patient with predicted severe ABP shows signs of cholesta-
sis.

In conclusion, the present study shows that early ERCP is associated with a signifi-
cantly reduced risk of clinically relevant complications in patients with predicted
severe ABP with concurrent cholestasis. In patients without concurrent cholestasis,
there were no beneficial effects associated with early ER CP. These findings may be

relevant for decision making in patients with predicted severe ABP.
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PART Iv INTERVENTION FOR NECROTISING PANCREATITIS

INTRODUCTION

For long, the first choice intervention in infected necrotising pancreatitis has been
primary open necrosectomy with the aim to remove all infected necrosis.'® This
approach is associated with considerable morbidity (34-95%) and mortality
(11-39%)'>% Some patients with sterile necrosis will ultimately also undergo necro-
sectomy in case of clinical deterioration (i.e., multiple organ failure) despite maxi-
mal supportive therapy on the basis of suspected infection.

In 1998, Freeny et al. first described a consecutive series of patients exclusively with
infected necrosis who were primarily treated with imaging-guided percutaneous
catheter drainage (PCD), as an alternative to primary surgical necrosectomy.” The
rationale for PCD was to temporize sepsis and thereby postpone the need for surgi-
cal necrosectomy. In the last decade, several cohort studies on PCD have been
published. We aimed to determine the proportion of patients that can be treated with

PCD without the need for additional necrosectomy from the published literature.

METHODS

A systematic literature search was performed in EMBASE, MEDLINE and the
Cochrane libraries from January 1st, 1992 to May 31st, 2010. We screened studies
reporting on patients undergoing PCD of peripancreatic collections associated with
pancreatitis. Inclusion criteria were: 1. a consecutive cohort of patients with acute
necrotising pancreatitis (ANP) undergoing PCD as a primary treatment of peri-
pancreatic collections; 2. indication for PCD: (suspected) infected necrosis or symp-
tomatic sterile pancreatic necrosis (e.g., clinical deterioration or significant mecha-
nical obstruction); 3. essential outcomes reported: percentage of infected peripan-
creatic collections, need for additional surgical necrosectomy, complications and
mortality.

Exclusion criteria were: 1. very small cohorts (<5 patients); 2. cohorts including chro-
nic pancreatitis (and results for acute pancreatitis not reported separately);
3. studies on a selected subgroup of patients with acute pancreatitis, classified as
‘pseudocysts’ or ‘pancreatic abscesses’ (as defined by the Atlanta Classification) or ste-
rile pancreatic necrosis exclusively; 4. cohorts of patients undergoing minimally inva-
sive surgical necrosectomy which included previous PCD and cases treated by PCD

only were not separately reported. From the included articles we extracted data on
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disease severity, indication and details of PCD, success of PCD (defined as survival

without the need for additional surgical necrosectomy) and clinical outcome.

RESULTS

After screening of titles and abstracts of 4670 relevance eleven studies were included
in the current systematic review.>!* Nine studies were retrospective, non-controlled
case-series,”!” one study was a prospective, non-controlled case-series’® and one
study was a multicentre randomised controlled trial.'® The pooled data comprised a
total of 384 patients undergoing PCD as primary treatment for (suspected) infected
necrosis or symptomatic sterile pancreatic necrosis (range of number of patients per
study 8-80).

Four studies (116 patients) reported on percentage of patients suffering from organ
failure prior to PCD. Out of these 116 patients, 78 (67%) had organ failure (34 sin-
gle and 44 multiple organ failure) prior to PCD. Out of the total of 384 patients, 271
patients (71%) had infected peripancreatic necrosis.

The success rate of PCD, defined as the percentage of patients surviving without
additional surgical necrosectomy, was 214/384 patients (56%). Eight studies repor-
ted specific data on patients with infected necrosis (n=166): 87/166 patients (52%)
recovered after PCD only. Five series reported on the time between insertion and
removal of drains, varying from 16 to 98 days. Additional surgical necrosectomy was
performed in 133/384 patients (35%). The time interval between first PCD and sur-
gery was reported in six series and ranged from 18 to 109 days.

The complication rate was described in all series. One or more complications occur-
red in 76/384 patients (20%). The majority of complications were pancreatico-cuta-
neous and pancreatico-enteric fistulas (n=53), being 51% of all complications and
present in 14% of all patients treated with PCD. In total, nine other procedure-rela-
ted complications were described.

A total of 67/384 patients died (17%). Nine studies reported the mortality for PCD
in patients with infected necrosis: 15% (27/175 patients). In these studies, mortality
for PCD in patients with sterile necrosis was 15% as well (10/69 patients).

DISCUSSION

The results from this systematic review on PCD in (infected) necrotising pancreati-
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tis showed that approximately half of the patients recovered after PCD only, without
the need for further surgical intervention. In patients who did require surgical inter-
vention, PCD allowed for postponing additional intervention for several weeks.

In the mixed group of patients, overall mortality was 17%, but 15% in patients with
infected necrosis. Although not all studies provided data on mortality of patients
with infected necrosis, mortality of 15% is similar to numbers reported for open and
minimally invasive necrosectomy.?’

The indication for PCD differed between the 11 included series. Although all 384
patients suffered from necrotising pancreatitis, only 71% indeed had infected peri-
pancreatic collections proven by bacterial culture. Other indications for interventi-
on were symptomatic ‘organized necrosis’ and ‘severe clinical deterioration despite
maximum conservative treatment’. These last two indications are not very well-defi-
ned and one may question whether these patients could not have been successfully
treated conservatively.

In the pooled data of this systematic review, the complication rate was 20%, with
only nine reported procedure-related complications. Series on surgical necrosecto-
my report a considerable higher complication rate, ranging from 34% to 68%.37%
Furthermore, in the current study, only 14% of patients developed a pancreatic fis-
tula, compared to 22-47% in the studies on surgical necrosectomy.??> However,
mostly studies only reported early complications. Late complications do occur and
the reported 20% complication rate in this review is therefore probably higher.

It is conceivable, that drain placement into a sterile peripancreatic collection can
introduce bacteria resulting in secondary infection. None of the studies included
reported on the rate of iatrogenic infection, but underreporting is likely to have
occurred. A limitation of the current systematic review is that many of the included
studies were small and retrospective. Moreover, in some series essential data were
not presented (e.g., total number of interventions, outcome related to infectious sta-
tus of collections, percentage of patients with organ failure at time of PCD). A for-
mal assessment of methodological quality could not be performed because the

papers did not provide enough detailed information for such an assessment.
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INTRODUCTION

In 2000 Carter et al. reported on minimally invasive retroperitoneal necrosectomy
in the treatment of infected necrotising pancreatitis (INP).! This technique, consis-
ting of endoscopic necrosectomy over a dilated percutaneous drain tract, was later
also described by Connor et al.2 The first results were exciting but the authors sta-
ted that the technique might also be associated with drawbacks.!? The pure endos-
copic character of the technique makes it a time-consuming effort that requires mul-
tiple repeated procedures to remove sufficient necrotic material. In recent years,
our groups have adopted video-assisted retroperitoneal debridement (VARD).?
This technique can be considered a hybrid between pure endoscopic retroperitone-
al necrosectomy and the open (20 cm incision) translumbar approach, described by
Fagniez et al. in 1989.* In this article, we describe the technical aspects of VARD
because we feel that this minimally invasive technique carries advantages over other

surgical strategies in INP and is not yet known to a wide audience.

SURGICAL TECHNIQUE

Once infection of (peri-)pancreatic necrosis is either suspected based on contrast-
enhanced CT scan and clinical status or even confirmed by fine needle aspiration, a
12-14 French percutaneous drain is placed in the (peri-)pancreatic collection
through the left retroperitoneum (F1GURE 14.1). If drainage does not lead to clini-
cal improvement (subsidence of organ failure, reduction of temperature, white
blood cell count and C-reactive protein), surgical intervention is deemed necessary
and the patient is operated upon. Surgery is preferably postponed until after 4 weeks
from the onset of the disease. This is considered essential as it allows for (peri-)pan-
creatic collections to sufficiently demarcate and the wall to mature, thus optimizing
conditions for debridement.

The patient is placed in supine position with the left side 30-40° elevated. A subcos-
tal incision of 5 cm is placed in the left flank at the mid-axillary line, close to the exit
point of the percutaneous drain (F1cURE 14.2). With the help of CT images and by
using the in situ percutaneous drain as a guide into the (peri-)pancreatic collection,
the fascia is dissected and the retroperitoneum is entered. The cavity is cleared of
purulent material using a standard suction device. The first necrosis encountered is

carefully removed with the use of long grasping forceps (FiGURE 14.3). Following
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FIGURE I4.I. A percutaneous catheter drain is positioned in the collection through
a left retroperitoneal approach.

patients head

FIGURE I4.2. A5 cm subcostal incision is placed in the patient’s left flank.

N

FIGURE I4.3. The first necrosis is removed with a grasping forceps.
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patients head
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FIGURE I4.4. A videoscope is inserted and residual necrosis is removed with a laparoscopic
grasping forceps. A single trocar is used.

FIGURE I4.5. VARD allows for large pieces of necrosis to be removed.

the percutaneous drain deeper into the cavity, loose necrotic material is removed
while periodic irrigation and consequent suction are performed to enhance vision.
When debridement can no longer be performed under direct vision, a single extra-
long laparoscopic port is placed into the incision and a 0° videoscope is introduced.
At this stage CO2 gas (10 1/min) can be infused through the percutaneous drain, still
in position, to inflate the cavity, thereby facilitating inspection. Under videoscopic
assistance further debridement of retained necrotic tissue is performed with laparos-
copic forceps (FIGURE 14.4). Complete necrosectomy is not the ultimate aim of this
procedure. Only loosely adherent pieces of necrosis are removed, thereby keeping

the risk of tearing underlying blood vessels to a minimum. In the rare case of exten-
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sive bleeding, packing of the retroperitoneal cavity should be performed, either as
definite treatment or as a bridge to laparotomy or angiographic coiling in the situa-
tion of persistent haemorrhage.

When the bulk of necrosis is removed, the cavity is irrigated with saline until the
fluid becomes clear. The percutaneous drain is removed and two large-bore single-
lumen drains are positioned in the cavity extending through the edges of the incisi-
on. The first drain is placed at the deepest point of the cavity and is positioned more
shallow. The fascia and skin are closed and the drains are sutured to the skin.
Continuous postoperative lavage is performed with 10 litres of normal saline or dia-
lysis fluid per 24 h until the effluent is clear. One week after the procedure repeat
CT is performed to evaluate resolution of the collection and to assess whether necro-

sis is still present.

DISCUSSION

A recent systematic review showed that mortality after necrosectomy by laparoto-
my for INP is 15-27%.° In several series mortality rates after the open translumbar
approach were not superior to laparotomy and major morbidity such as haemorr-
hage and fistulae occurred in 25-68% of patients.*%” This high incidence of compli-
cations is attributed to the relative blindness of this technique.® The concept of
necrosectomy under direct vision by video-endoscopy might offer a partial solution
to this problem.

Patients with INP are often severely ill and mortality is mainly due to septic multi-
ple organ failure. Necrosectomy by minimally invasive techniques by inducing less
preoperative and postoperative physiological stress as compared with laparotomy
might be beneficial in these patients.!

In recent years several relatively small series (range 6-46 patients) on necrosectomy
by minimally invasive retroperitoneal approach have been reported.*%!2 However,
the described techniques show some variation and different nomenclature is used.
We find this to be quite confusing. In 1998 Gambiez et al. described the results of
the first patients in which they performed necrosectomy through a small (6 cm) left
flank incision under visualisation with a mediastinoscope.!! Castellanos et al. publis-
hed a prospective series of 11 consecutive patients treated with a technique that

involves a 15 cm translumbar incision which they call ‘retroperitoneal endoscopy’.!?
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Although comparable to VARD, it is questionable whether the 15 c¢cm incision
should be considered ‘minimally invasive’.

The alternative method originally reported by Carter et al., which obviated the need
for an incision, is known as ‘sinus tract endoscopy’ (STE).! In this technique a per-
cutaneous catheter drain tract is serially dilated to a 30 French tract using fluorosco-
pic guidance in the operating room and necrosectomy is performed under continu-
ous irrigation using a nephroscope and a long grasping forceps. Connor et al. app-
lied the same technique as STE but use a different term: ‘minimally invasive retro-
peritoneal pancreatic necrosectomy’ (MIRPN).2

In 2001, the results of the first six patients who underwent VARD in one of our
institutions were published.? At that time the technique was still called ‘laparoscopic
assisted percutaneous drainage’. Two minor complications occurred and all patients
survived. Recently, an abstract was published on a second series of 13 VARD
patients. Complications occurred in 54% of patients and 1 patient died (8%).!* The
various reports on different minimally invasive techniques by other authors show a
mean morbidity of 44% (range 0-93%) and mortality of 23% (range 10-27%).12912
However, the type of complications and classification of severity of disease vary gre-
atly, which makes comparison of these retrospective studies difficult.

VARD is essentially a combination of the open translumbar approach and STE and
we feel it contains ‘the best of both worlds’. Theoretically, it has the advantages of
both an open approach and an endoscopic technique without many of the disadvan-
tages. In the series of Connor et al. a median of 3-4 procedures was necessary to
remove all infected material,>!° which was reflected by a 2 weeks longer postopera-
tive hospital stay.!® In VARD, the small incision enables the surgeon to remove
larger pieces of necrosis (FIGURE 14.5), with a shorter operating time and less need
for repetitive procedures. In our experience, the VARD technique is very simple
and cost-effective. STE has the additional disadvantage of requiring a C-arm fluoros-
copy in the operating room, which has the additional risks of radiation exposure to
the patient and the operating team, as well as possible increased costs. Finally, as
opposed to the 15 cm incision for the translumbar approach'?, the 5 cm incision in
VARD can still be considered minimally invasive. The use of a videoscope may
reduce the risk of complications reported with the open translumbar approach in

the past.
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In our experience, VARD is a relatively easy technique that is applicable in the
majority of patients with INP! and provides an excellent alternative to necrosecto-
my by laparotomy. However, life-threatening complications are still possible, neces-
sitating 24 h availability of experienced gastrointestinal surgeons, endoscopists and
radiologists. In the absence of large prospective (randomised) studies, the true value
of VARD in the treatment of INP obviously remains unclear. For this reason two

multicentre studies have been initiated (one single arm'® and one randomised!¢).
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INTRODUCTION

Minimally invasive procedures to treat infected necrotising pancreatitis (INP) are
gaining popularity.® These approaches include computed tomography (CT) - gui-
ded percutaneous catheter drainage* and drain-guided minimally invasive (retrope-
ritoneal) surgery.!%6 All the minimally invasive procedures (radiological, endosco-
pic or surgical) have a common first step, with the placement of a drain in the peri-
pancreatic collection. The collections must therefore be accessible for drain place-
ment if minimally invasive approaches are to be widely implemented. However, the
proportion of patients suitable for minimally invasive approaches remains
unknown.

The aim of this study was to evaluate the intraabdominal distribution, ‘accessibility’
and ‘drainability’ of peripancreatic collections in a large series of consecutive
patients who had surgery for INP, to see what proportion of patients might be suita-
ble for a Dutch nationwide trial comparing minimally invasive techniques with lapa-

rotomy for INP.

METHODS

Between October 2000 and October 2003, 106 consecutive patients (older than 18
years) who had surgical intervention for suspected INP were identified by a database
search in 11 Dutch hospitals. Patients were included in the current study if a pre-
operative CT scan was available for review.

Scans were reviewed in consensus by two authors (HvS, MB) to classify peripancrea-
tic collections by intra-abdominal location. The distance between the left lateral bor-
der of the collection and the left abdominal wall (‘inner’ abdominal wall, not the
skin) was measured using the original metric scale on the CT scan. The collections
were classified as follows: left (left lateral border of the collection 5 cm or less from
the left abdominal wall), intermediate (left lateral border of the collection more than
5 cm from the left abdominal wall and 5 cm or less from the midline) or central (left
lateral border of the collection less than 5 cm from the midline).

Five experienced radiologists from five Dutch tertiary referral centres independent-
ly reviewed all preoperative CT scans. They were given the dates of admission, CT
scan and first surgical intervention. Each radiologist individually judged the accessi-

bility of the peripancreatic collections for placement of a percutaneous or endosco-
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TABLE If.I. Preferred route of drain placement based on appearance by computed tomography

Transgastric

Not Left retro- Right retro- Anterior endoscopic

Radiologist possible peritoneum peritoneum transperitoneal procedure Total

1 12 (15) 50 (63) 2(3) 11 (14) 5 (6) 80 (100)
2 9 (11) 57 (71) 0 (0) 9 (11) 5 (6) 80 (100)
3 16 (20) 43 (54) 0 (0) 16 (20) 5 (6) 80 (100)
4 11 (14) 38 (48) 3(4) 27 (34) 1(1) 80 (100)
5 18 (23) 35 (44) 1(1) 19 (24) 7(9) 80 (100)
Mean 13 (17) 45 (56) 1(1) 16 (21) 5 (6) 80 (100)

Values in parentheses are percentages.

pic transgastric drain in the collection. They were asked the following question, with
the possible answers ranked in order on the basis that a left retroperitoneal drain is
preferable for performing minimally invasive drain-guided surgery: “Which route is
most feasible and safe for the placement of a 14-French drain in the collection:
a. through the left retroperitoneal space, b. through the right retroperitoneal space,
c. through the transperitoneal space, d. through an endoscopic transgastric entran-
ce or e. no route possible?’. Each radiologist then judged whether the peripancrea-
tic collection was ‘drainable’. A collection was defined as ‘drainable’ if it was expec-
ted to contain at least 50 ml of aspirate immediately after first drain placement.
The interobserver agreement was calculated using K-statistics. The mean (+SD)
Kcoefficient was calculated for all 10 possible radiologist pairs. A K level less than
0.00 represented no agreement, 0.00-0.20 slight, 0.21-0.40 fair, 0.41-0.60 moderate,
0.61-0.80 substantial and 0.81-1.00 almost perfect agreement.’

RESULTS

CT scans of 80 patients (75%) were available (59 men; age range 29-80 years). The
median interval between hospital admission and preoperative CT scan was 20 days.
Of the peripancreatic collections, 55 of 80 (69%) were classified as left, 19 (24%) as
intermediate and six (8%) as central. Drain placement was considered feasible in 67
of 80 patients (84% [range 77-89%]). The interobserver agreement for accessibility
was therefore moderate (mean K 0.4 £0.09). In 45 of these 67 patients (67%), it was
deemed feasible to place a retroperitoneal drain from the left flank (TaBLE 15.1). All

radiologists agreed that it would not be possible to place a drain in only two out of
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80 patients (2.5%). In 43 patients (54% [range 49-82%]), collections were judged to
contain a drainable fluid component. Interobserver agreement on ‘drainability’ was

poor, mean K 0.29 (= 0.10).

DISCUSSION

The present pilot study for a trial comparing minimally invasive procedures with
laparotomy in INP demonstrated that most (84%) peripancreatic collections in INP
are accessible from a minimally invasive approach and that more than two-thirds
are within 5 cm of the left abdominal wall.

Success rates of percutaneous catheter drainage in INP (defined as obviating the
need for surgery) vary from 30 to 100%.+%1° Several variations of minimally invasive
‘drain-guided’ surgery have been reported'*® and it has been suggested that mini-
mally invasive procedures are possible only in a subgroup of patients. The present
results contradict this, with drainage deemed feasible in 84% of patients.
Agreement on drainability of the peripancreatic collections among radiologists was
poor. This probably reflects the fact that CT cannot always discriminate between
fluid and necrotic content in INP!!12

The wider implementation of minimally invasive procedures for INP should be
based on prospective, controlled studies undertaken by dedicated multidisciplinary
teams.!®!* To that end, the Dutch Pancreatitis Study Group has recently started a
prospective, randomised, multicentre trial to compare the minimally invasive

approach with laparotomy in INP!
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INTRODUCTION

We started using open necrosectomy followed by the open abdomen strategy with
planned relaparotomy for necrotising pancreatitis at our institution in 1988.!
Because of high morbidity and mortality, we switched to open necrosectomy with
continuous postoperative lavage (CPL) in 1995.? In a comparative study, we found
that the results of open necrosectomy and CPL still were not satisfactory.® As an
alternative, in 2001 necrosectomy by the retroperitoneal approach using a small
flank incision was introduced. Minimally invasive retroperitoneal necrosectomy is
gaining popularity for the treatment of necrotising pancreatitis.*® There is, however,
no substantial evidence from comparative studies in favour of this technique over
open necrosectomy. Selection bias may account for the favourable outcomes of
minimally invasive retroperitoneal necrosectomy. A head-to-head comparison (e.g.,
a case-matched study or a randomised controlled trial) of both techniques has never
been performed. We performed a case-matched comparison of the minimally inva-
sive retroperitoneal approach with open necrosectomy and CPL. This retrospective
pilot study was undertaken in preparation for a nationwide randomised controlled

trial.”

METHODS

Between 2001 and 2005, there were 15 out of 841 consecutive patients with acute
pancreatitis who underwent minimally invasive retroperitoneal necrosectomy in the
University Medical Centre Utrecht and the St. Antonius Hospital Nieuwegein in the
Netherlands. Each of these patients was matched with one out of 46 patients treated
with open necrosectomy and CPL in the same hospitals during 1995-2005. Patients
were matched for all of the following criteria: 1. organ failure at any time prior to
primary necrosectomy (yes or no); 2. infection of pancreatic or peripancreatic
necrosis as determined by fine-needle aspiration and/or intraoperative culture (yes
or no); 3. timing of surgery: number of days admitted before primary necrosectomy
(£7 days, at least 15 days after admission); 4. age (+ 10 years); and 5. CT-severity
index® (£ 2 points). These criteria were chosen because it was anticipated that they
reflect the most important prognostic factors. Matching for the date (year) of opera-
tion to exclude possible confounding due to time effects was not possible because

after 2000 the minimally invasive retroperitoneal necrosectomy was increasingly
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used. To minimize bias introduced by using “historical controls”, open necrosecto-
my/CPL patients were consecutively enrolled in reversed order (i.e., if more than
one open necrosectomy/CPL patient could be matched with a patient in the mini-
mally invasive retroperitoneal necrosectomy group, the patient operated on most

recently was selected).

RESULTS

In addition to all matched preoperative characteristics, there were no significant dif-
ferences between the treatment groups in sex, preoperative intensive care unit
(ICU) admission, preoperative ICU stay, preoperative Acute Physiology and
Chronic Health Evaluation (APACH)-II scores, and preoperative multiple organ
failure (MOF). There were 22 men with a median age of 52 years (34-75 years).
During the 24 hours preoperatively, 12 patients (40%) had organ failure and 8 (27%)
had MOF. The median APACHE-II score 24 hours preoperatively was 9 (range
5-20). The median CT-severity index score was 8 (range 4-10). The median time
between admission and primary necrosectomy was 41 days (range 15-164). The indi-
cation for intervention was suspected or confirmed infected necrosis in all patients.
Infected necrosis was proven by intraoperative culture in 28 patients (93%).
Postoperative complications requiring reintervention occurred in six patients in
each group (P=1.000). Postoperative new-onset MOF occurred in 10 patients (67%)
in the open necrosectomy/CPL group vs. 2 patients (13%) in the minimally invasi-
ve retroperitoneal necrosectomy group (P=0.008). Six patients (20%) died in the
open necrosectomy/CPL group vs. 1 patient (3%) in the minimally invasive retro-

peritoneal necrosectomy group (P=0.080).

DISCUSSION

This study is the first case-matched study comparing minimally invasive retroperi-
toneal necrosectomy with open necrosectomy/CPL for necrotising pancreatitis.
The main findings are that 1. postoperative new-onset MOTF occurred less often
after the minimally invasive retroperitoneal necrosectomy and 2. there was a trend
toward lower mortality in the minimally invasive retroperitoneal necrosectomy.

A possible explanation for our results is that minimally invasive retroperitoneal

necrosectomy induces less perioperative and postoperative stress than open necro-
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sectomy because a small (5 cm) incision is used, the peritoneum is left intact, and the
peritoneal cavity is not contaminated. Several other authors hypothesized that by
minimizing the inflammatory ‘hit’ of necrosectomy the retroperitoneal approach
may lessen the risk of postoperative MOF in the already critically ill patient.*® In a
similar retrospective study,” Connor et al. compared 47 patients undergoing mini-
mally invasive retroperitoneal necrosectomy with 41 patients undergoing open
necrosectomy: mortality was 19% vs. 39% (P=0.06). Although no differences in post-
operative complication rates were observed, the postoperative APACHE-II score
was lower and the postoperative ICU stay shorter in their minimally invasive retro-
peritoneal necrosectomy group.

Being left with historical controls for comparative studies is not uncommon when
new surgical techniques are enthusiastically implemented in clinical practice.’® This
points out the need for randomised controlled trials performed in a timely fashion
(i.e., before an experimental technique has become ‘routine care’ without evidence
from well designed comparative studies being available). Although this study repre-
sents the highest level of evidence on the subject thus far, the sample size was too
small and the risk of selection bias precludes any firm conclusions. Therefore, com-
parison in a randomised design is warranted, especially when considering the
improvement in outcome after open necrosectomy in the recent literature. To
address this issue, we have recently started a randomised controlled multicentre
trial comparing open necrosectomy/CPL with a minimally invasive step-up

approach.’
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ABSTRACT

BACKGROUND

Necrotising pancreatitis with infected necrotic tissue is associated with a high rate of
complications and death. Standard treatment is open necrosectomy. The outcome

may be improved by a minimally invasive step-up approach.

METHODS
In this multicentre study, we randomly assigned 88 patients with necrotising pan-
creatitis and suspected or confirmed infected necrotic tissue to undergo primary
open necrosectomy or a step-up approach to treatment. The step-up approach con-
sisted of percutaneous drainage followed, if necessary, by minimally invasive retro-
peritoneal necrosectomy. The primary end point was a composite of major compli-
cations (new-onset multiple organ failure or multiple systemic complications, perfo-

ration of a visceral organ or enterocutaneous fistula, or bleeding) or death.

RESULTS
The primary end point occurred in 31 of 45 patients (69%) assigned to open necro-
sectomy and in 17 of 43 patients (40%) assigned to the step-up approach (risk ratio
with the step-up approach, 0.57, 95% confidence interval, 0.38 to 0.87, P=0.006). Of
the patients assigned to the step-up approach, 35% were treated with percutaneous
drainage only. New-onset multiple organ failure occurred less often in patients assig-
ned to the step-up approach than in those assigned to open necrosectomy (12% vs.
40%, P=0.002). The rate of death did not differ significantly between groups (19%
vs. 16%, P=0.70). Patients assigned to the step-up approach had a lower rate of inci-
sional hernias (7% vs. 24%, P=0.03) and new-onset diabetes (16% vs. 38%, P=0.02).

CONCLUSIONS
A minimally invasive step-up approach, as compared with open necrosectomy, redu-
ced the rate of the composite end point of major complications or death among
patients with necrotising pancreatitis and infected necrotic tissue. (Current
Controlled Trials number, IRCTN13975868.)
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INTRODUCTION

Acute pancreatitis is the third most common gastrointestinal disorder requiring hos-
pitalisation in the United States, with annual costs exceeding $2 billion.'?
Necrotising pancreatitis, which is associated with an 8 to 39% rate of death, deve-
lops in approximately 20% of patients.®> The major cause of death, next to early
organ failure, is secondary infection of pancreatic or peripancreatic necrotic tissue,
leading to sepsis and multiple organ failure.* Secondary infection of necrotic tissue
in patients with necrotising pancreatitis is virtually always an indication for interven-
tion.>>7

The traditional approach to the treatment of necrotising pancreatitis with seconda-
ry infection of necrotic tissue is open necrosectomy to completely remove the infec-
ted necrotic tissue.®? This invasive approach is associated with high rates of compli-
cations (34 to 95%) and death (11 to 39%) and with a risk of long-term pancreatic
insufficiency.!”!® As an alternative to open necrosectomy, less invasive techniques,
including percutaneous drainage,'”!® endoscopic (transgastric) drainage,'” and mini-
mally invasive retroperitoneal necrosectomy, are increasingly being used.!*202?
These techniques can be performed in a so-called step-up approach.?* As compared
with open necrosectomy, the step-up approach aims at control of the source of infec-
tion, rather than complete removal of the infected necrotic tissue. The first step is
percutaneous or endoscopic drainage of the collection of infected fluid to mitigate
sepsis; this step may postpone or even obviate surgical necrosectomy.'”? If drainage
does not lead to clinical improvement, the next step is minimally invasive retrope-
ritoneal necrosectomy.'*2*22 The step-up approach may reduce the rates of compli-
cations and death by minimizing surgical trauma (i.e., tissue damage and a system-
ic proinflammatory response) in already critically ill patients.!*%!

It remains uncertain which intervention in these patients is optimal in terms of cli-
nical utcomes, health care resource utilisation, and costs. We performed a nationwi-
de randomised trial called Minimally Invasive Step Up Approach versus Maximal

Necrosectomy in Patients with Acute Necrotising Pancreatitis (PANTER).
METHODS

STUDY DESIGN

The design and rationale of the PANTER study have been described previously.2*
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Adults with acute pancreatitis and signs of pancreatic necrosis, peripancreatic necro-
sis, or both, as detected on contrast- enhanced computed tomography (CT), were
enrolled in 7 university medical centres and 12 large teaching hospitals of the Dutch
Pancreatitis Study Group. Patients with confirmed or suspected infected pancreatic
or peripancreatic necrosis were eligible for randomization once a decision to per-
form a surgical intervention had been made and percutaneous or endoscopic drai-
nage of the fluid collection was deemed possible.

Infected necrotic tissue was defined as a positive culture of pancreatic or peripan-
creatic necrotic tissue obtained by means of fine-needle aspiration or from the first
drainage procedure or operation, or the presence of gas in the fluid collection on
contrast-enhanced CT. Suspected infected necrosis was defined as persistent sepsis
or progressive clinical deterioration despite maximal support in the intensive care
unit (ICU), without documentation of infected necrosis.

The exclusion criteria were a flare-up of chronic pancreatitis, previous exploratory
laparotomy during the current episode of pancreatitis, previous drainage or surge-
ry for confirmed or suspected infected necrosis, pancreatitis caused by abdominal
surgery, and an acute intraabdominal event (e.g., perforation of a visceral organ,
bleeding, or the abdominal compartment syndrome).

Patients were randomly assigned to either primary open necrosectomy or the mini-
mally invasive step-up approach. Randomization was performed centrally by the
study coordinator. Permuted-block randomization was used with a concealed block
size of four. Randomization was stratified according to the treatment centre and the
access route that could be used for drainage (i.e., a retroperitoneal route or only a

transabdominal or endoscopic transgastric route).

STUDY OVERSIGHT
All patients or their legal representatives provided written informed consent before
randomization. This investigator-initiated study was conducted in accordance with
the principles of the Declaration of Helsinki. The institutional review board of each

participating hospital approved the protocol.

QUALITY CONTROL

The indication for intervention and the optimal timing of intervention in necroti-
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sing pancreatitis are frequently subject to discussion.?” Therefore, an expert panel
consisting of eight gastrointestinal surgeons, one gastroenterologist, and three radi-
ologists was formed. Whenever infected necrosis was suspected or there was any
other indication for intervention in a patient, the expert panel received a case
description, including CT images, on a standardized form by e-mail. Within 24
hours, the members of the expert panel individually assessed the indication for
intervention and the patient’s eligibility for randomization.

Whenever possible, the randomization and intervention were postponed until
approximately 4 weeks after the onset of disease.>%2027 All interventions were perfor-
med by gastrointestinal surgeons who were experienced in pancreatic surgery and
by experienced interventional radiologists and endoscopists. Whenever necessary,
the most experienced study clinicians visited the participating centres to assist with

interventions.

OPEN NECROSECTOMY
The open necrosectomy, originally described by Beger et al.,? consisted of a laparo-
tomy through a bilateral subcostal incision. After blunt removal of all necrotic tis-
sue, two large-bore drains for postoperative lavage were inserted, and the abdomen

was closed.

MINIMALLY INVASIVE STEP-UP APPROACH
The first step was percutaneous or endoscopic transgastric drainage. The preferred
route was through the left retroperitoneum, thereby facilitating minimally invasive
retroperitoneal necrosectomy at a later stage, if necessary. If there was no clinical
improvement (according to prespecified criteria?!) after 72 hours and if the position
of the drain (or drains) was inadequate or other fluid collections could be drained, a
second drainage procedure was performed. If this was not possible, or if there was
no clinical improvement after an additional 72 hours, the second step, videoassisted
retroperitoneal débridement (VARD) with postoperative lavage,??? was performed.
(Details on the step-up approach and postoperative management in both groups are
included in the Supplementary Appendix, available with the full text of this article
at NEJM.org.)
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TABLE I7.I. Definitions of morbidity in primary in primary and secondary endpoints

Major morbidity

New onset multi organ failure or systemic complications: new-onset failure (i.e., not present at any time in the
24 hr before first intervention) of 2 or more organs or occurrence of 2 or more systemic complications at the same
moment in time

Organ failure®
- Pulmonary failure: Pa0, <60 mm Hg despite FI02 of 30%, or need for mechanical ventilation
- Circulatory failure: circulatory systolic blood pressure <90 mm Hg despite adequate fluid resuscitation,
or need for inotropic catecholamine support
- Renal failure: creatinine level >177 umol/L after rehydration or new need for hemofiltration or hemodialysis

Systemic complications®
- Disseminated intravascular coagulation: platelet count <100 x 10°/L
- Severe metabolic disturbance: calcium level <1.87 mmol/L
- Gastrointestinal bleeding: >500 ml of blood /24 hours

Enterocutaneous fistula: secretion of fecal material from a percutaneous drain or drainage canal after removal
of drains or from a surgical wound, either from small or large bowel, confirmed by imaging or during surgery”

Perforation of a visceral organ requiring intervention: perforation requiring either surgical, radiological or endoscopic
intervention®

Intra-abdominal bleeding requiring intervention: bleeding requiring surgical, radiological or endoscopic intervention

Other morbidity

Pancreatic fistula: output through a percutaneous drain or drainage canal after removal of ~drains or from a surgical
wound of any measurable volume of fluid with an amylase content >3 times the serum amylase level®

New-onset diabetes: insulin or oral antidiabetic drugs required 6 months after discharge; this requirement was not
present before onset of pancreatitis

Use of pancreatic enzymes: oral pancreatic-enzyme supplementation required to treat clinical symptoms of steatorrhea
6 months after discharge; this requirement was not present before onset of pancreatitis

Incisional hernia: full-thickness discontinuity in abdominal wall and bulging of abdominal contents, with or without
obstruction, 6 months after discharged

a= Adapted from the 1992 Atlanta Classification for acute pancreatitis.?®

b= Prior to any analysis, the adjudication committee decided to combine the endpoints enterocutaneous fistula
and perforation of a visceral organ, because one is often caused by the other and may coexist in the same patient.

¢= Adapted from the International Study Group on Pancreatic Fistula Definition (ISGPF) criteria for postoperative
pancreatic fistula.?’

d= The original study protocol?* stated “incisional hernia requiring intervention”. Before any analysis, the adjudication
committee decided to report incisional hernias with or without intervention because surgical reconstruction of the
abdominal wall is usually not performed within 6 months after recovery of necrotising pancreatitis.
FIO, denotes fraction of inspired oxygen, and Pa0, partial pressure of arterial oxygen.
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END POINTS AND DATA COLLECTION
The predefined primary end point was a composite of major complications (i.e.,
new-onset multiple organ failure or systemic complications, enterocutaneous fistula
or perforation of a visceral organ requiring intervention, or intraabdominal bleeding
requiring intervention) (TaBLE 17.1) or death during admission or during the 3
months after discharge. The individual components of the primary end point were
analysed as secondary end points. Secondary end points also included other compli-
cations (TaBLE 17.1), health care resource utilisation, and total direct medical costs
and indirect costs from admission until 6 months after discharge (details are availa-
ble in the Supplementary Appendix).

Follow-up visits took place 3 and 6 months after discharge. Data collection was per-
formed by local physicians using Internet-based case-record forms. An independent
auditor who was unaware of the treatment assignments checked all completed case-
record forms against on-site source data. Discrepancies detected by the auditor were
resolved on the basis of a consensus by two investigators who were unaware of the
study-group assignments and were not involved in patient care. All CT scans were
prospectively evaluated by one experienced radiologist who was unaware of the tre-
atment assignments and outcomes.

A blinded outcome assessment was performed by an adjudication committee con-
sisting of eight experienced gastrointestinal surgeons who independently reviewed
all data regarding complications. Disagreements were resolved during a plenary

consensus meeting with concealment of the treatment assignments.

STATISTICAL ANALYSIS

We calculated that we would need to enroll 88 patients?* in order to detect a 64%
relative reduction in the rate of the composite primary end point with the step-up
approach (from 45% to 16%), with a power of 80% and a two-sided alpha level of
0.05. The large risk reduction with the step-up approach was expected on the basis
of results from a Dutch nationwide retrospective multicentre study® and other pre-
vious studies.!”®! Moreover, a larger sample was not thought to be feasible because
necrotising pancreatitis with secondary infection is uncommon.

All analyses were performed according to the intention-to-treat principle. The

occurrences of the primary and secondary end points were compared between the
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378 patients with acute pancreatitis and
pancreatic and/or peri-pancreatic necrosis/
collections assessed for eligibility

290 were excluded
229 did not meet inclusion criteria
45 met exclusion criteria
11 previous exploratory laparotomy
26 previous drainage or surgery
for infected necrosis (19 in referring hospitals)
4 acute complication as indication
for surgery
1 drain placement not possible
3 other reasons
16 declied to participate

88 underwent randomization

45 were assigned to primary 43 were assigned to the minimally
open necrosectomy invasive step-up approach

1 underwent VARD without
prior percutaneous drainage

0 were lost to follow-up 0 were lost to follow-up
45 were analyzed 43 were analyzed

FIGURE 17.I. Enrollment, randomization, and follow-up of the study patients.

VARD denotes video-assisted retroperitoneal débridement.

treatment groups. Results are presented as risk ratios with corresponding 95% con-

fidence intervals. Differences in other outcomes were assessed with the use of the

Mann-Whitney U test.

Predefined subgroup analyses were performed for the presence or absence of organ

failure at randomization and the timing of intervention (£28 days or >28 days after
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the onset of symptoms). A formal test of interaction in a logistic-regression model
was used to assess whether treatment effects differed significantly between the sub-
groups.

No interim analysis was performed. As a precautionary measure, an independent
biostatistician who was unaware of the study-group assignments performed sequen-
tial monitoring® of the major complications and deaths reported during the trial
(details are available in the Supplementary Appendix).

All reported P values are two-sided and have not been adjusted for multiple testing.

RESULTS

STUDY PARTICIPANTS

Between November 3, 2005, and October 29, 2008, a total of 378 patients with acute
pancreatitis who had signs of pancreatic necrosis, peripancreatic necrosis, or both
were enrolled in the study. A total of 88 patients were randomly assigned to a treat-
ment group (FIGURE 17.1). Baseline characteristics of the treatment groups were
similar (tTaBLE 17.2). Of the 45 patients assigned to primary open necrosectomy, 44
underwent a primary laparotomy. In one patient, who had previously undergone
esophagectomy, it was decided after randomization that laparotomy would potenti-
ally compromise the gastric conduit. Therefore, primary VARD without previous
percutaneous drainage was performed.

Patients underwent a median of 1 open necrosectomy (range, 1 to 7). Nineteen
patients (42%) required one or more additional laparotomies for additional necro-
sectomy because of ongoing sepsis (in eight patients), complications (in five
patients) or both (in six patients). Fifteen patients (33%) required additional percu-

taneous drainage after laparotomy.

MINIMALLY INVASIVE STEP-UP APPROACH
Forty of 43 patients assigned to the step-up approach (93%) underwent retroperito-
neal percutaneous drainage; 1 patient (2%) underwent transabdominal percutane-
ous drainage and 2 patients (5%) underwent endoscopic transgastric drainage. After
the first 72 hours of observation, 19 patients (44%) underwent a second drainage
procedure. Details of the drainage procedures are available in the Supplementary

Appendix.
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Fifteen patients (35%) survived after percutaneous or endoscopic drainage only, wit-
hout the need for necrosectomy. The condition of two patients with progressive
multiple organ failure was too unstable for surgery, and they subsequently died. The
remaining 26 patients (60%) underwent necrosectomy a median of 10 days (range 1
to 52) after percutaneous drainage. A VARD procedure was performed in 24 of the
patients, and the other 2 patients underwent primary laparotomy according to the
protocol because there was no retroperitoneal access route. A median of 1 VARD
procedure (range 0 to 3) was performed in each patient. In one patient, VARD was
intraoperatively converted to laparotomy because it was not possible to reach the
pancreatic necrosis through the retroperitoneum.

Fourteen patients (33%) required one or more additional operations for further
necrosectomy (five patients), complications (seven patients), or both (two patients).
Seven of the 26 patients who underwent necrosectomy (27%) required percutane-

ous drainage afterward.

CLINICAL END POINTS
The primary and secondary end points are listed in TABLE 17.3. The composite pri-
mary end point of major complications or death occurred in 31 of 45 patients after
primary open necrosectomy (69%) and in 17 of 43 patients after the step-up appro-
ach (40%) (risk ratio with the step-up approach, 0.57, 95% confidence interval [CI],
0.38 to 0.87, P=0.006). All major complications tended to occur more frequently
after primary open necrosectomy than after the step-up approach, although the dif-
ference was significant only for the composite end point of new-onset multiple
organ failure or multiple systemic complications (P=0.001). This difference was
mainly driven by the occurrence of organ failure (taBLE 17.3).

The rate of death between the two study groups did not differ significantly (P=0.70)
(raBLE 17.3). A total of 15 patients in the study died (17%): 8 patients in the step-up
group (19%) and 7 patients in the open-necrosectomy group (16%). The causes of
death were multiple organ failure in seven patients in the step-up group and six
patients in the open-necrosectomy group, postoperative bleeding in one patient in
the step-up group and no patients in the open-necrosectomy group, and respiratory
failure due to pneumonia in no patients in the step-up group and one patient in the

open-necrosectomy group.
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At the 6-month follow-up, patients who had undergone primary open necrosectomy,
as compared with patients who had been treated with the step-up approach, had a
higher rate of incisional hernias (24% vs. 7%, P=0.03), new-onset diabetes (38% vs.
16%, P=0.02), and use of pancreatic enzymes (33% vs. 7%, P=0.002).

HEALTH CARE RESOURCE UTILISATION AND COSTS
Utilisation of health care resources for operations (i.e., necrosectomies and reinter-
ventions for complications) was lower in the group of patients who were treated
with the step-up approach than in the group of patients who underwent primary
open necrosectomy (P=0.004) (taBLE 17.3). After primary open necrosectomy, 40%
of patients required a new ICU admission, as compared with 16% of patients who
had been treated with the step-up approach (P=0.01).

The mean total of direct medical costs and indirect costs per patient during admis-
sion and at the 6-month follow-up was €78,775 ($116,016) for the step-up approach
and €89,614 ($131,979) for open necrosectomy, for a mean absolute difference of
€10,839 ($15,963) per patient. Thus, the step-up approach reduced costs by 12%
(details of costs are available in the Supplementary Table in the Supplementary

Appendix).

PREDEFINED SUBGROUP ANALYSES
Treatment effects with respect to the primary end point were similar across the sub-
groups on the basis of organ failure at the time of randomization and the timing of
intervention (=28 days or >28 days after the onset of symptoms). None of the tests

for interaction were significant (P>0.05).

DISCUSSION

This study showed that the minimally invasive step-up approach, as compared with
primary open necrosectomy, reduced the rate of the composite end point of major
complications or death, as well as long-term complications, health care resource uti-
lisation, and total costs, among patients who had necrotising pancreatitis and con-
firmed or suspected secondary infection. With the step-up approach, more than one
third of patients were successfully treated with percutaneous drainage and did not

require major abdominal surgery.
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There are several possible explanations for the favourable outcome of the step-up
approach. First, as we postulated when designing the study,** infected necrosis may
be similar to an abscess because both contain infected fluid (pus) under pressure.
Although a true abscess is more easily resolved with percutaneous drainage becau-
se it is composed entirely of liquid, simple drainage may also be sufficient to treat
infected necrotic tissue. After the infected fluid is drained, the pancreatic necrosis
can be left in situ, an approach that is similar to the treatment of necrotising pan-
creatitis without infection. This hypothesis apparently holds true, since 35% of our
patients who were treated with the step-up approach did not require necrosectomy.
Second, it has been suggested that minimally invasive techniques provoke less sur-
gical trauma (i.e., tissue injury and a proinflammatory response) in patients who are
already severely ill.'*202! This hypothesis is supported by the substantial reduction in
the incidence of new-onset multiple organ failure in our step-up group. Third, in the
attempt to completely débride necrosis, viable pancreatic parenchyma may be unin-
tentionally removed. This could explain why, at the 6-month follow-up, significant-
ly more patients who underwent primary open necrosectomy had new-onset diabe-
tes or were taking pancreatic enzymes. For pragmatic reasons, we defined pancrea-
tic insufficiency on the basis of the use of pancreatic-enzyme supplements to treat
clinical symptoms of pancreatic insufficiency instead of objective analyses of exocri-
ne insufficiency (e.g., the fecal elastase test). It is possible that some of these patients
did not have exocrine insufficiency, although the rate of pancreatic-enzyme supple-
mentation in the opennecrosectomy group is consistent with data on exocrine insuf-
ficiency after open necrosectomy.’?

Our findings are consistent with observations from several retrospective studies. It
has been suggested previously that percutaneous drainage can be performed in
almost every patient who has necrotising pancreatitis with infection and obviates
the need for necrosectomy in approximately half the patients.!”#33 Several authors
have reported promising results of minimally invasive necrosectomy,'*#??2 including
endoscopic procedures.’®*+3 Most studies, however, included only a small number
of patients and may have unintentionally selected patients who were less ill than the
patients treated with open necrosectomy or were better candidates for minimally
invasive techniques. In contrast, the current study was randomised and included a

relatively large number of patients, with a high incidence of confirmed infected
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necrotic tissue and organ failure at the time of intervention.

The benefit of the step-up approach in terms of preventing major abdominal surge-
ry and associated complications, such as multiple organ failure requiring ICU
admission, is of obvious importance. The reduction in long-term complications,
including new-onset diabetes and incisional hernias, is also clinically relevant.
Diabetes due to necrotising pancreatitis is known to worsen over time.!* Moreover,
secondary complications from diabetes have a considerable effect on the quality of
life and potentially on life expectancy. Incisional hernias often cause disabling dis-
comfort and pain, carry a risk of small-bowel strangulation, and frequently require
surgical intervention.?” Aside from these clinical implications, the estimated econo-
mic benefit from reduced health care resource utilisation and costs may be substan-
tial. Approximately 233,000 patients are admitted with a new diagnosis of acute pan-
creatitis in the United States each year,* and necrotising pancreatitis with seconda-
ry infection develops in about 5% of these patients.>* On the basis of these num-
bers, the step-up approach may reduce annual costs in the United States by $185
million.

The nationwide multicentre setting of our study and the applicability of the mini-
mally invasive techniques provide support for the generalisability of its results.
Percutaneous catheter drainage is a relatively easy and well-established radiological
procedure. VARD is considered a fairly straightforward procedure that can be per-
formed by any gastrointestinal surgeon with basic laparoscopic skills and experien-
ce in pancreatic necrosectomy.?!??

Our study specifically compared two treatment strategies and does not provide a
direct comparison of open necrosectomy with minimally invasive retroperitoneal
necrosectomy. Although there are theoretical advantages of a minimally invasive
approach, we have not proved that VARD is superior to open necrosectomy in
patients in whom percutaneous drainage has failed.

This study was not designed or powered to demonstrate a difference in the rate of
death between the two treatment strategies. A study showing a clinically relevant
difference in mortality would require thousands of patients and is not likely to be
performed.

Our results indicate that the preferred treatment strategy for patients with necroti-

sing pancreatitis and secondary infection, from both a clinical and an economic
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point of view, is a minimally invasive step-up approach consisting of percutaneous

drainage followed, if necessary, by minimally invasive retroperitoneal necrosectomy.
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