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CHAPTERR I 

Generall  introduction and 
outlinee of the thesis 





Generall  introduction 
Abdominall  infection is the pathologic process caused by the invasion of nor-
mallyy sterile areas by (potentially) pathogenic micro-organisms, leading to 
destructionn of vital organs and tissue. The resistance of the host to infection, 
i.e.,, inflammatory and anti-inflammatory reactions, is seen as signs of sepsis. 

Secondaryy peritonitis can be caused by perforation, infection, ischaemia or 
necrosiss of part of the digestive tract or visceral organ. Also, secondary perito-
nitiss can be due to a postoperative complication (e.g., anastomotic dehiscence). 
Thee causative factors of intra-abdominal infection in peritonitis are usually 
evident,, e.g. leakage of acidic gastric content, bowel content containing large 
amountss of micro-organisms or bile from the bile tree or duodenum into the 
abdominall  cavity. 

InIn chronic pancreatitis an abnormal constitution of pancreatic juice with 
highh viscosity, high levels of protein and lactoferrin, causes protein depositions. 
Thesee protein depositions obstruct the smaller and larger ductuli, leading to 
acinarr destruction, pancreatic inflammation and fibrosis. 

Thee inflammation and infection of secondary peritonitis as well as the 
inflammationn of chronic pancreatitis are highlighted in this thesis from a sur-
gicall  point of view. For both forms of abdominal infection timing of surgery 
duringg the various stages of inflammatory disease is still debated. 

SecondarySecondary peritonitis 
Secondaryy peritonitis is associated with substantial morbidity and high mor-
talityy rates. Mortality rates in secondary peritonitis remain unacceptably high 
(aroundd the 30%). The historic major breakthroughs in the care of patients with 
secondaryy peritonitis nowadays constitute the cornerstone of secondary perito-
nitiss treatment. The development of early abdominal surgery, antibiotic treat-
ment,, and improvement of intensive care support have lead to a decline in mor-
talityy rates from 90% at the beginning of 1900 to 30% around 1980. The last two 
decadess only a minor reduction in mortality rates has been achieved, mainly for 
certainn subgroups of patients with secondary peritonitis. 

Surgicall  treatment of secondary peritonitis consists of an initial, or index, 
laparotomyy to eradicate the source of infection and to lavage the abdomi-
nall  cavity. Thereafter, controversy exists on which surgical strategy to follow. 
Twoo frequently applied strategies are the planned relaparotomy (PR) and the 
relaparotomyy on demand (ROD) strategy. The PR strategy is defined as the deci-
sionn taken at the end of the index laparotomy to perform a relaparotomy every 
24-488 hours until the abdomen is macroscopically clean at the beginning of the 
lastt relaparotomy. The ROD strategy is defined as performing a relaparotomy 
onlyy when the clinical situation of a patient deteriorates or does not improve. 



€€ Chronic pancreatitis 
££ Chronic pancreatitis is a progressive disease characterised by histopathological 
|| destruction of pancreatic parenchyma by a chronic fibrosing type of inflamma-
11 tion of the pancreas. Clinically, chronic pancreatitis is characterised by disa-
"%"% bling abdominal pain, progressive loss of pancreatic exocrine and endocrine 
|| function and complications due to involvement of surrounding organs or infec-
~~ tious complications of local sequelae such as pseudocysts. Chronic pancreati-
£.. tis is most frequently caused by alcoholism, obstruction through stones/ ste-
ÊÊ nosis, or by idiopathic causes. Chronic pancreatitis has a prevalence of 50-75 
|| patients per 100.000 inhabitants and an incidence of 6-7 per 100.000 per year. It 
|| may lead to professional, social and psychological impairment, and in patients 
pp with chronic pancreatitis the risk of pancreatic cancer is significantly elevated. 
|| Abdominal pain is an often encountered symptom and can be caused by acute 
33 inflammation, pancreatic duct distension, pseudocyst or perineural inflamma-

tion.. During progressive disease more and more acinar cells that secrete pancre-
aticc digestive enzymes are destroyed. 

Treatmentt of chronic pancreatitis is partly conservative: abolition of alco-
hol,, analgesics, IV fluids, fasting (during acute upflairs of inflammation), and an 
H,, blocker or antacids (to reduce acid-stimulated release of secretin to increase 
thee flow of pancreatic juice). The increasing amounts of analgesics harbour the 
riskk of addiction. There has been recent interest in the use of potent pancreatic 
enzymess to treat pain, because enzymes given in quantity inhibit the release 
off  cholecystokinin from the duodenal mucosa, thereby reducing the secretion 
off  pancreatic enzymes. Medical treatment of chronic pancreatic pain is often 
unsatisfactory. . 

SurgerySurgery for abdominal infection 
Althoughh secondary peritonitis and chronic pancreatitis have a different eti-
ologicall  origin, both entities of abdominal infection may have far-reaching 
surgicall  consequences. Secondary peritonitis is often a polymicrobial disease, 
whereass chronic pancreatitis is often a sterile infection. Chronic pancreatitis, in 
contrastt with secondary peritonitis, is an organ located in the retroperitoneum. 
Nonetheless,, both diseases are characterised by ongoing destruction of respec-
tivelyy peritoneal and pancreatic tissue when surgical intervention is postponed. 
Thiss thesis emphasises the dilemma of choice of surgical treatment strategy in 
abdominall  infection, both for secondary peritonitis and for chronic obstructive 
pancreatitis. . 

Forr secondary peritonitis both the PR strategy and the ROD strategy are said 
too harbour both intrinsic advantages as well as disadvantages. In surgical prac-
ticee there remains extensive debate on which of these two strategies is benefici-
aryy to outcome in patients with secondary peritonitis as measured by morbid-
ityy and mortality data. Furthermore, accurate and uniform criteria for when 
too perform a relaparotomy, when adhering to a ROD strategy, are lacking. The 



choicee of surgical relaparotomy strategy is evaluated in literature, in a universi-
tyy hospital patient cohort, and among surgeons in hospitals in the Netherlands. 
Alsoo in a mouse model of secondary peritonitis the actual effect of surgical 
interventionn on intra- and extra-abdominal inflammatory responses is assessed. 
Criteriaa for timing and indication of relaparotomy for patients with secondary 
peritonitiss are evaluated in literature and in a large patient cohort. 

AA surgical or endoscopic drainage procedure is recommended to relieve 
complaintss in case of untreatable pain or prolonged unsuccessful conservative 
treatment.. Routinely the less invasive endoscopic treatment is preferred as com-
parablee pain reduction can be achieved. However, 25 to 50% of the endoscop-
icc treated patients eventually need surgical drainage since recurrent stenosis 
mayy occur. Surgical drainage is generally performed by means of lateral pan-
creaticojejunostomy,, or a Puestow procedure, when a dilated pancreatic duct is 
present.. This procedure relieves pain in 70-80% of patients. With regard to the 
timingg of surgical intervention, it is not evidently clear whether early-stage or 
late-stagee surgical drainage for patients with chronic pancreatitis is beneficial 
withh respect to pancreatic functional outcome next to pain relief. For chronic 
pancreatitiss the timing of surgical drainage via a pancreatico-jejunostomy is 
evaluatedd in a validated piglet model. Next, a potential marker for pancreatic 
metaplasiaa as well as a potential complication in patients with chronic pancrea-
titi ss is presented. 

Outlinee of the thesis 
Inn Chapter 2 the current knowledge of secondary peritonitis as described in lit -
eraturee is reviewed. Evidence-based research, dilemmas and treatment options 
fromm a multidisciplinary viewpoint for patients with secondary peritonitis are 
presented.. The surgical principles, relaparotomy strategies as well as criteria for 
relaparotomyy after the initial emergency laparotomy are emphasised. 

Plannedd relaparotomy (PR) and relaparotomy on demand (ROD) are two frequent-
lyy employed surgical treatment strategies for patients with abdominal sepsis. It 
iss unknown which strategy is beneficial for peritonitis patients with respect 
too outcome. Only a limited number of studies have been published comparing 
thee PR to the ROD strategy. In Chapter 3 the available literature was evaluated 
systematicallyy to compare the efficacy of both surgical treatment strategies as 
measuredd primarily by the in-hospital mortality as well as for the provided sec-
ondaryy endpoints. Furthermore, a detailed assessment of included studies for 
designn features, inclusion and exclusion criteria and additional outcomes is 
reportedd in this meta-analysis. 

Whenn assessing the available literature it is striking that published studies 
comparingg the PR and ROD strategy in secondary peritonitis lack detailed data 
onn morbidity and that, to date, long-term follow-up results have not been pub-
lished.. To gain more insight in sepsis-related and surgery-related morbidity, in-



hospitall  mortality and long-term mortality of both surgical strategies a large 
retrospectivee series of consecutive patients treated for secondary peritonitis in 
aa tertiary referral hospital during a 6 year period was analysed in Chapter 4. 

InIn literature, there is considerable difference of opinion on the optimal surgi-
call  treatment strategy in secondary peritonitis. Choice for either a PR or ROD 
treatmentt strategy in patients with secondary peritonitis seems to be based on 
aa combination of evidence and 'gut-feeling' of the treating surgeon or medical 
team.. Published data is scarce and, thus, very littl e insight in factors associated 
withh the surgeons' decision making in these patients is available. To elucidate 
thiss decisional process a survey was performed in Chapter 5 aimed at analysis 
off  factors influencing surgical decision making in patients with secondary peri-
tonitiss in a large cohort of Dutch surgeons. 

Thee choice between a PR and a ROD strategy is an ongoing point of discus-
sion,, while the indication for surgical management as initial therapy is gener-
allyy accepted. However, the elimination of the infectious focus of peritonitis 
(orr source control) has a modulatory effect on host defense systems which are 
vitall  for the immune responses to the already ongoing intra-abdominal infec-
tion.. Laparotomy itself induces the production of inflammatory mediators 
bothh locally and systemically. Surgery in an already immunologically triggered 
hostt can act as a second hit, which further modulates immune responses. The 
derangementt of immune responses in these patients may lead to severe adverse 
effects,, such as septic shock and may even tip the balance towards multiple 
organn failure. Detailed knowledge of immune responses in an experimental 
modell  of peritonitis with closer resemblance to the clinical practice than the 
traditionall  models is needed to construct and test novel therapeutic interven-
tions.. In Chapter 6 effects of interventions in treating peritonitis on local and 
distantt inflammatory responses are described in a modified cecal ligation and 
puncturee (CLP) mouse model. The effect of surgical elimination of the infec-
tiouss focus and abdominal lavage in the CLP murine model on pro- and anti-
inflammatoryy cytokines, chemotaxis and neutrophil activation is examined in 
33 compartments (abdominal, circulatory and pulmonary compartment). 

Onee of the major drawbacks of the ROD strategy in secondary peritonitis is the 
lackk of well-defined criteria that aid the physician to select patients who may 
benefitt from a relaparotomy at a certain point of time in the course of disease. 
Muchh of this decision making is not explicit, is based on subjective arguments 
orr hospital doctrines, and may be more authority- than evidence-based. In addi-
tion,, comparison and interpretation of published data on the subject is ham-
peredd by a lack of consensus on criteria when to perform a relaparotomy. In 
Chapterr 7 individual variables in the available literature are analysed for their 
potentiall  predictive value on the outcome of a relaparotomy. Furthermore, the 
publishedd evidence of each variable was evaluated for their statistical, valid-



ityy and methodological merits. Thus, current best-evidence is reviewed for vari-
abless that may be used to select patients who indeed need a relaparotomy when 
adheringg to an on demand relaparotomy strategy in secondary peritonitis. 

Theree is no scoring system or prediction model available yet that accurately 
predictss the risk of ongoing infection after the index operation or the chance 
off  a positive relaparotomy for patients with secondary peritonitis. In Chapter  8 
factorss that correlate strongly with positive findings at relaparotomy in patients 
withh secondary peritonitis were identified and quantified by regression analy-
sis.. The objective of this study was to generate variables that can be used in a 
futuree prediction model for the outcome of a relaparotomy in patients with 
secondaryy peritonitis. 

Chronicc pancreatitis is a progressive disease characterised by histopathologi-
call  destruction of pancreatic parenchyma by a chronic fibrosing type of inflam-
mationn of the pancreas. Clinically patients with chronic pancreatitis suffer 
fromm abdominal pain and loss of pancreatic endocrine and exocrine function. 
Althoughh pain in most patients is quickly relieved after either surgical or endo-
scopicc drainage it is believed that drainage of the pancreatic duct does not pre-
ventt the continuing destruction of the pancreatic issue. This destruction even-
tuallyy leads to severe exocrine and finally to endocrine pancreatic insufficiency. 
Thee aim of Chapter  9 was to investigate whether early-stage surgical drainage 
off  pancreatic duct obstruction leads to recovery of pancreatic exocrine func-
tionn when compared to late-stage surgical drainage in an experimental model 
off  obstructive pancreatitis in piglets. 

InIn chronic pancreatitis, metaplastic conversion of ductal epithelium is associat-
edd with an increased risk of neoplasia, which implies that a valuable marker for 
earlyy detection of acinar-to-ductal metaplasia in the setting of chronic pancrea-
titi ss is much needed. Matrix metalloproteinase-7 (MMP-7) is a zinc dependent 
cndopeptidasee expressed commonly in well-differentiated remodelling glandu-
larr epithelial tissue and in benign tumours of a variety of glandular tissues. In 
Chapterr  10 we investigate MMP-7 expression in metaplastic ductal cells and in 
pancreaticc juice in a pig model of chronic obstructive pancreatitis. 

AA pancreatic-pleural fistula can be encountered as a late complication in patients 
withh chronic pancreatitis. Unfamiliarity with the diagnosis of pancreaticpleu-
rall  fistula or the non-specific presentation of patients may lead to a late recog-
nitionn and diagnosis. In Chapter 11 three patients with a pancreaticopleural 
fistulafistula are presented and an overview of the current literature with an emphasis 
onn a routinely available biochemical test that may lead to early diagnosis of this 
complicationn of chronic pancreatitis is provided. 

Finally,, in Chapter 12 the chapters of this thesis are summarised. 





CHAPTERR 2 

Currentt concepts in 
secondaryy peritonitis 
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D.J.D.J. Gouma, MA. Boermeester 

Departmentt of Surgery, Academic Medical Center, 
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ABSTRACT T 

Background Background 
Secondaryy peritonitis is associated with serious morbidity and a persistent 
highh mortality in recent decades, this despite numerous fields of research. 

Methods Methods 
Thee available literature was searched through Pubmed (1966-January 2005) 
ass well as a hand search of references of retrieved articles. 

DiscussedDiscussed topics 
Clinicall  symptoms, pathophysiology and diagnosis of secondary peritonitis 
ass well as an oversight of the current knowledge and the scientific founda-
tionn of the multi-modality treatment (surgery, intensive care and antibiotics) 
aree presented. The historical development and the scientific fundamentals of 
present-dayy relaparotomy strategies are evaluated. Criteria for relaparotomy 
afterr the initial laparotomy and potential areas for further research to reduce 
bothh morbidity and mortality are discussed. 

Conclusions Conclusions 
Thee care of patients with secondary peritonitis is evolving from a surgical 
entityy to a more multidisciplinary challenge uniting surgeons, intensivists, 
radiologistss and microbiologists. Research needs to be expanded into novel 
fieldss to further decrease morbidity and mortality. 



11 INTRODUCTIO N 

|| In the past, secondary peritonitis and its treatment have long been regarded 
-|| solely a surgical entity. Nowadays, both surgeons and other medical specialists 
'SS treat the causes as well as the local and systemic effects of secondary peritonitis 
jïï in a niultidisciplinary approach. Part of the current treatment of peritonitis has 
== evolved through accumulation of experience and low level of evidence research 
]>-- rather than by performing clinical trials.' The subsequent developments in sur-
JJ gical, antibiotic and intensive care treatment of patients with secondary peri-
== tonitis have lead to a reduction in mortality from 90% in the beginning of the 
|| 20th century to approximately 30% around 1980. Unfortunately this decline 
££ stabilised during the 1980's. In this review the scientific foundations of current 
|| knowledge and the niultidisciplinary treatment of secondary peritonitis are 
== reviewed and possible areas for further advancement in morbidity and mortal-

ityy reduction are discussed. 

SECONDARYY PERITONITI S 

Definitions Definitions 
Secondaryy peritonitis is defined as an intra-abdominal infection of the perito-
neall  cavity caused by infection, necrosis, ischemia, perforation of the digestive 
tractt or of a visceral organ, and may also be due to a postoperative infectious 
complication.. Secondary peritonitis is characterised by a breach of the gastroin-
testinall  tract and all hollow visceral components of the gastrointestinal tract 
mayy be involved with various etiological causes. A 2001 International Sepsis 
Definitionss Conference by 5 organisations including the Society of Critical Care 
Medicinee (SCCM), European Society of Intensive Care Medicine (ESICM) and the 
Surgicall  Infection Society (SIS) redefined the systemic inflammatory response to 
infectionn and related definitions." Frequently used definitions in sepsis and sec-
ondaryy peritonitis derived from various authors -̂  are summarised in Tablt' 1. 

Diagnosis Diagnosis 
Secondaryy peritonitis can be diagnosed by preoperative information, operative 
findingss and postoperative information, or a combination of these elements.' 
Preoperativee diagnosis of secondary peritonitis can be made based on the 
combinationn of history, physical examination, laboratory findings and imag-
ingg techniques. Clinical presentation of the patient may be solely as an acute 
abdomen,, with abdominal tenderness. Additionally, in an early stage patients 
mayy already show signs of sepsis such as tachycardia, hypotension and elevated 
bodyy temperature. An upright chest radiograph or a plain abdominal film can 
differentiatee between causes of upper abdominal pain. If symptoms are located 
inn the right upper quadrant ultrasonography wil l be performed. In other diffuse 



Tablee 1. Definitions 

InfectionInfection Pathologic process caused by the invasion of normally sterile ;ireas by 
(potentially)) pathogenic micro-organisms 

SIRSSIRS (Systemic Inflammatory Response Syndrome) with > 2 of the following: 
-Temp>38Cor<36C C 
-- Heart rate > 90 beats / min 
-- Respiratory rate > 20 /min or PC02 < 4.3kPa 
- W B OO 12 x 10 "o r<4x 10'', or > 10% band forms 

SepsisSepsis The systemic response to infection; this response in manifested by z 2 SIRS 
criteriaa as result of infection 

Hypotensionn Systolic arterial pressure < 90 mmHg, a MAP < 60 mmHg, or reduction in 
systolicc blood pressure of > 40 mmHg from baseline, despite adequate volume 
resuscitationn in the absence of other causes 

SepticSeptic shock Sepsis with hypotension, despite adequate resuscitation with fluids, along 
withh the presence of perfusion abnormalities 

SevereSevere sepsis Sepsis associated with 1 or more organ dysfunct ions 

MORS'' (Multipl e Organ Dysfunction Syndrome); presence of al tered organ function 
inn an acutely il l pat ient such that homeostasis cannot be main ta ined wi thout 
intervention n 

iiacteraemiaiiacteraemia Presence of viable bacteria in the blood 

upperr abdominal pain localisation a CT-scan is more and more the examination 
off  choice. In lower abdominal pain the choice of imaging depends on patients' 
age,, gender and laboratory results. In men with a clinical diagnosis of acute 
appendicitiss and in fertile women in whom a diagnosis cannot be made after a 
CT-scann a diagnostic laparoscopy should be performed. It is essential to find the 
equilibriumm between costs and effectiveness implicating that a diagnosis has to 
bee confirmed with a minimum of invasive diagnostic methods. In general, it is 
veryy unlikely that surgical exploration wil l reveal a treatable infectious focus 
thatt cannot be detected by CT.' The concept of a blind laparotomy has largely 
beenn abandoned, since there is noo evidence that leads to improved clinical out-
comes. . 

Operativee diagnosis of secondary peritonitis depends on the site of origin 
off  the peritonitis. It can be diagnosed by visualisation of a necrotic part of the 
gastrointestinall  tract or a visible perforation. After elective surgery the cause 
off  secondary peritonitis can be recognised as a breach in the GI tract due to an 
anastomoticc dehiscence. Diffuse or focal abdominal contamination of the peri-
toneall  cavity may have a purulent, faecal or turbid aspect. Operative abdominal 
culturess should always be performed to allow microbiological confirmation of 
thee diagnosis and permit adjustment of antibiotics to the culture results when 
thesee come available. 



Postoperativee confirmation of the diagnosis of secondary peritonitis is made 
byy analysis of operative abdominal culture results. Cultures taken intraopera-
tivelyy should contain at least 0.5cc of fluid in an aerobic as well as an anaerobic 
transportt device rather than using a plain container or just a swab.6 Blood cul-
turess have no additional clinically relevant value in intra-abdominal infections.6 

AA shift has occurred the past decades from gram negative to more gram posi-
tivee bacteria as causative factors for severe sepsis, possibly caused by increase in 
immunocompromisedd patients, improved therapies against Gram negative bac-
teriaa as well as progressive antibiotic resistance.7 Also an increase in fungal sep-
siss is observed in recent years, possibly associated with a higher mortality rate 
thann bacterial sepsis.*  Nonetheless, the majority of culture results remain pol-
ymicrobiall  with a mix of gram negatives and anaerobes. Gram-positive aerobic 
bacteriaa and Candida species are derived predominantly from the upper gastroin-
testinall  tract. Gram-negative bacteria can be found frequently as well. The distal 
smalll  bowel represents a transitional zone between the microflora of the upper 
andd lower gastrointestinal tract where gram negative and aerobic organisms as 
welll  as anaerobic micro-organisms {B.fragilis) are found. More distally the colon 
showss high concentrations of aerobic coliforms and anaerobe micro organisms, 
predominantlyy Escherichia Coli, but also enterococci and streptococci.6 

Pathophysiology Pathophysiology 
Inn peritonitis, the body reacts to peritoneal infection with the activation of 
defensivee mechanisms to eradicate invading micro-organisms and to return to 
itss metabolic homeostasis.^ This inflammatory response has a clear function 
inn the abdominal cavity: Bacteria and fungi must be cleared, infection must 
bee localised to prevent systemic sepsis and tissue damage must be minimal-
isedd and repaired.9 When the host defence fails, the inflammatory and coagula-
tionn balance is disrupted. Predominance of pro-inflammatory phenotype leads 
too increased activation of immunocytes, such as mononuclear phagocytic cells 
(macrophages,, monocytes) and subsequent (over-) production of inflammatory 
mediators,, such as interleukin (IL-)8, and IL-12 and noxious substances, like 
0,-radicalss and H.O,.10'" The pro-inflammatory response is characterised by 
increasedd disease severity due to inflammatory tissue damage and increased 
vascularr (epithelial) permeability, disrupting organ integrity and function.,JU 

Especially,, neutrophil activation should not be exaggerated in compartments 
outsidee the abdomen.14 As opposed to the pro-inflammatory state, immunopa-
ralysiss may also occur in the progression of abdominal sepsis with exhaustion 
off  the immune response."1^ Immunoparalysis is a late complication of perito-
nitis,, but may be triggered by laparotomy in peritonitis.16 The immunomodula-
toryy effect of laparotomy for peritonitis is likely overshadowed by the benefi-
ciall  effect of the removal of the infectious focus and abdominal lavage, which 
restoress the inflammatory homeostasis. Protracted depression of the immune 
system,, however, renders compromised compartments (e.g. lungs) more suscep-
tiblee to superimposed infections, like pneumonia.1"18 



InIn sepsis, coagulation is activated, generating a pro-coagulant state in the 
circulationn and distant organs, resulting in disseminated intravascular coagu-
lationn (DIQ and microvascular thrombosis, ultimately causing organs to fail. 
Inn peritonitis this may also be the case, in particular when the inflammatory 
responsee is no longer restricted to the abdominal compartment. It is thought 
thatt the inflammatory reaction to peritonitis is compartmentalised, l, i(>, in that 
differentt compartments react in part autonomously to the primary infectious 
insult.21-' ' 

Too optimise therapy in peritonitis, benefits could be gained by restoring both 
thee inflammatory as well as the coagulation balance, while at the same time 
enhancingg intra-peritoneal microbial clearance and subsequent resolution of 
peritoneall  inflammation. 

Seventyy classification 
Acutee Physiology and Chronic Health Evaluation (APACHE) II score. Multiple 
Organn Dysfunction Score (MODS)2*  and the Sepsis-related Organ Functional 
Assessmentt (SOFA) score-4 are general scoring systems that reflect the severity 
off  a patients disease and correlate with mortality. Increase in APACHE II score 
correlatess strongly with the mortality of ICU patients.25 Mortality among perito-
nitiss patients with an APACHE II score <10 is around 8%, whereas morality rate 
risess sharply to 30% in patients with an APACHE II score of 11-15. Mortality is 
overr 50% in APACHE II > 15.2f,2? 

Thee MODS and SOFA score are two frequently used and validated consecutive 
orr sequential scoring systems in secondary peritonitis and are shown in Table 
2.2. The 6 incorporated organ systems reflect organ dysfunction and correlate 
stronglyy with ICU and hospital mortality. The MODS and SOFA score are scoring 
systemss used to predict mortality of patients with sepsis but these are not appli-
cablee to the individual patient. The maximum SOFA score and delta SOFA score 
cann be used to assess patients organ failure when admitted to the ICU as well as 
sequentiall  insults suffered by the patient during ICU stay.2* 

Thee Mannheim Peritonitis Index (MPI)20 is a scoring system containing pre-
operativee and operative clinical variables, validated to predict mortality of 
patientss with secondary peritonitis but these are not applicable to the individu-
all  patient.'" Other scoring systems for severity of disease or outcome in second-
aryy peritonitis such as the Peritonitis Severity Score (PSS)J1 aimed at predicting 
mortalityy in peritonitis derived from the distal or left colon, are less frequently 
used.. The 4 grade Hinchey classification classifies the extent of diverticulitis." 
Secondaryy peritonitis due to a perforated diverticulitis is scored as Hinchey 
gradee III (diffuse purulent peritonitis) or Hinchey TV (diffuse faecal peritonitis). 
Unfortunately,, grades III and fV do not differentiate between the extents of con-
taminationn but solely discriminate between the types of contamination. 

Att the 2001 International Sepsis Definitions Conference attenuated by vari-
ouss medical societies a sepsis staging system PIRO in analogue of the TNM clas-
sificationn for tumours was developed.2 The acronym PIRO (Predisposition, Insult 



Tablee 2. Multiple Organ Dysfunction Score23, Sepsis-related Organ 
Failuree Assessment24. 
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Tablee 3. The P1RO system for staging sepsis. 

Predispositionn Premorbid illness with reduced probability of short term survival. 
Culturall  or religious beliefs, age, sex 

InsultInsult inject it HI Culture and sensitivity of infecting pathogens; detection of" disease 
amendablee to source control 

Response e SIRS,, other signs of sepsis, shock 

OrganOrgan dysfunction Organ dysfunction as number of failing organs or composite score 
(e.g.,, MODS. SOFA) 



infection,, Response and Organ dysfunction) was developed to better character-
isee the sepsis syndrome based on these 4 items; Table 3. 

QualityQuality of life 
Qualityy of lif e (QpL) is of importance when assessing the long-term outcome of 
patientss with secondary peritonitis. QpL questionnaires specifically aimed at 
peritonitiss patients are not available let alone validated. Frequently the SF-36 
andd EuroQol 5D are used for this diverse patient group. 

Long-termm health-related QoL has been investigated for patients in general 
afterr ICU stay." if' QoL for patients with secondary peritonitis is acceptable and 
comparablee to the QoL in the general population, although only few studies 
havee examined this specific patient population,57™ The QoL of patients with 
severee peritonitis after open abdominal management was assessed in a study, 
showingg restriction in daily lif e only for some patients with persistent polyneu-
ropathyy and mental disorders.37 

Theree are reports that ICU survivors may experience traumatic memories of 
symptomss such as respiratory distress, pain, distress or loss of control. This is 
associatedd with the development of post traumatic stress disorder (PTSD), with 
ann incidence of 15% to 41 % in ICU patients.36-39 PTSD-related symptoms have been 
reportedd in patients after surgical treatment for secondary peritonitis, both in 
ICUU and non-ICU survivors.40 

TertiaryTertiary peritonitis 
Persistentt or recurrent secondary peritonitis after adequate therapy is referred 
too as tertiary peritonitis. It is a syndrome characterised by organ dysfunction 
andd extensive systemic inflammation together with peritoneal infection with 
organismss of low pathogenicity."51 However, literature lacks an accurate, uni-
formm definition of tertiary peritonitis. 

Suggestionss on the pathogenesis of tertiary peritonitis are three-fold.41 First 
off  all, it is most likely to be due to inadequate therapy of secondary peritonitis.*" 
Secondly,, infection of the peritoneal cavity may be sequelae of ICU-acquired 
infectionss at other sites. Finally, translocation of infecting species from the 
adjacentt gastrointestinal tract may cause tertiary peritonitis. Bacteria found in 
patientss with tertiary peritonitis are thought to be of low intrinsic pathogenic-
ityy due to selection by prior infection and antibiotic treatment.41 Additionally, 
sepsiss may lead to immunosuppression and a state of anergy in which the low 
pathogenicc bacteria may come forward. 

Evanss et al. have shown that the factors high APACHE II score, increasing age 
andd non-appendiceal source of infection were independently associated with 
thee development of tertiary peritonitis from secondary peritonitis.43 Further 
majorr risk factors are malnutrition, antimicrobial resistant micro-organisms 
andd organ system failure.4' Tertiary peritonitis itself was not found to be an 
independentt predictor of mortality, suggesting that the high mortality found in 



30 0 

rr tertiary peritonitis is due to the limited physical reserve of the patient than the 
""  disease itself.4-"5*  Mortality in tertiary peritonitis is estimated between 30-60% 

|| (average 50%), remarkably higher than in mere secondary peritonitis/-

11 TREATMEN T OF SECONDARY PERITONITI S 

'&.. The aim in treating patients with secondary peritonitis is to aid the patient 
££ in his local and systemic defence against bacteria. The treatment of secondary 
== peritonitis consists of three major aspects: antibiotic therapy, intensive care 
|| unit treatment and surgery. 

11 Antimicrobial therapy 
JJ In secondary peritonitis broad-spectrum intravenous antibiotic therapy should 

bee started as soon as possible, preferably within the first hour of recognition of 
severee sepsis and after fluid resuscitation has restored visceral perfusion for opti-
mall  drug distribution.6 Broad spectrum empirical antibiotic treatment should 
bee aimed at species likely to be expected in the abdominal cavity pending culture 
resultss to minimize adverse outcomes. One should always keep local bacterial 
resistancee patterns to antibiotics in mind, both on hospital and national level. 
Multipl ee studies have shown the importance of adequate initial antibiotic treat-
ment.. Montravers et al. found that inadequate empirical antimicrobial therapy 
resultedd in a higher mortality rate than adequate empirical therapy and was 
ann independent predictor of failure.44 A resistant micro-organism being present 
att the index laparotomy was associated increase of treatment failure (relative 
riskk 1.9 [1.2-3.3]). Ibrahim et al demonstrated an increase in mortality, organ 
derangementss as well as a longer ICU and hospital stay for the patients with 
inadequatee initial antibiotic therapy.4^ On the other hand, unnecessary broad 
spectrumm antibiotic treatment can lead to higher costs, super infection, organ 
toxicityy and drug-resistant micro-organisms/' Well known drug-resistant micro-
organismss are the gram-negative resistant organisms (Extended Spectrum Beta-
Lactamase;; ESBL, predominantly Klebsiella pneumoniae and Escherichia coli) and 
thee gram-positive cocci (Methicillin-resistant Staphylococcus aureus; MRSA). 

Choicee of appropriate antibiotic therapy has been put forward in guidelines 
byy Solomkin et al. on behalf of the Infectious Disease Society of America (IDSA) 
inn collaboration with other societies such as the Surgical Infection Society and 
thee American Society for Microbiology/' For community-acquired infections 
cheaperr agents with a narrower spectrum and which are not used for nosocomi-
all  infections are preferable to broad spectrum agents that harbour a greater risk 
off  toxicity. Patients with a more severe infection and immunological suppressed 
sepsiss patients require a broader spectrum antibiotic treatment because they 
aree susceptible to a wider spectrum of infectious agents.f>4tl Hospital-acquired 
infectionss may be caused by a more resistant flora, so a more complex, multi-



drugg antibiotic regimen is required with local resistance patterns as guideline 
forfor empirical treatment,6 Broad-spectrum antibiotic treatment should be fol-
lowedd by adjustment to operative culture results when these become available 
afterr consultation of the hospitals microbiologists.47 

Durationn of antibiotic therapy in secondary peritonitis is a matter of debate, 
withoutt level I evidence to sustain the discussion. There is a call for minimali-
sationn of antibiotic therapy duration. When the infectious focus is removed at 
thee index laparotomy, or in case of penetrating or iatrogenic contamination, 
antibioticss may be administered for limited period of 24 hours.64" Schein et til. 
showedd that for localised and generalised peritonitis antibiotic treatment of 
respectivelyy 48 hours and 72 hours to 5 days was sufficient.48 In complicated 
appendicitiss randomisation to either a minimal 5-day IV antibiotic treatment 
versuss no minimal antibiotic requirement showed less IV antibiotics usage for 
thee latter group with no difference in infectious complications.49 In patients 
showingg clinical signs of persistent or recurrent intra-abdominal infection addi-
tionall  diagnostic investigations have to be performed with continuation of the 
antibioticc treatment/' 

Anti-fungall  therapy for Candida albicans should be postponed until the infect-
ingg species is identified. Prophylactic antifungal therapy for selective high-risk 
patientss needs further investigation. Identified independent risk factors for 
CandidaCandida infection are female gender, intra-operative cardiovascular failure, prior 
antibioticc therapy and an upper gastro-intestinal focus.™ First choice treatment 
iss fluconazole, followed by amphotericin B for fluconazole resistant Candida-spe-
ciess and caspofungin or voriconazole for patients with renal dysfunction.6 Anti-
enterococcall  therapy is necessary in hospital-acquired infections when entero-
coccii  have been cultured. Treatment is based on susceptibility testing/ 

Intensivee Care Unit (ICU) 
Thee abdominal compartment is one of the most important focus of septic shock, 
precededd by the lung. Impairment of organ systems due to the systemic inflamma-
toryy response needs to be stabilised by means of resuscitation, support of organ 
functionss and monitoring.-'*  The ICU permits continuous careful monitoring of 
thee various organ systems requiring additional support. Clinical symptoms of 
thee septic patient can be observed in the circulatory (rise in cardiac index, chang-
ess in the microcirculatory system), pulmonary (sepsis-induced ALI or ARDS) or 
metabolicc tract (rise in metabolism, CRP and procaldtonin elevation, DIC). 

ICUICU treatment 
Variouss treatment guidelines of the critically-il l septic patient as put forward 
inn the Surviving Sepsis Campaign Guidelines published in Critical Care Medicine 
inn 2004 51 are illustrated below, as well as alternative novel treatment options 
forr improving outcome. However it needs to be stated that additional level I evi-
dencee in ICU treatment of the septic patient is much needed." 



Initiall  resuscitation comprises maintaining normal central venous pressure 
(8-122 mmHg), mean arterial pressure (>65 mmHg), urine output (>0.5 ml/kg/hr) 
andd central or mixed venous oxygen saturation (SvO, >70%) within 6 hours of 
recognitionn of severe sepsis/1' Packed cells transfusion or dobutamine infusion 
mayy support maintenance of normal values. 

Forr hemodynamic support of the septic patient fluid resuscitation, vasopres-
sorr therapy, and inotropic therapy are as follows. Fluid resuscitation by means 
off  colloids or crystalloids is titred on the response in blood pressure and renal 
output.. Vasopressor therapy (arterial administration of norepinephrine or 
dopamine)) should be initiated when adequate fluid replacement does not restore 
normall  blood pressure or organ perfusion. Inotropic therapy (dobutamine) in 
combinationn with vasopressors is mandatory for patients with persistent low 
cardiacc output despite adequate fluid replacement.54^6 

Loww dose hydrocortisone treatment has shown to reduce risk of death in 
septicc shock patients and patients with relative adrenal insufficiency, where 
previouslyy high dose glucocorticoids were shown to be harmful.^̂  A recent 
meta-analysiss by Annane et al. of 16 included RCT's showed that when all trials 
weree analysed there was no overall reduction of mortality due to heterogeneity 
off  the trials, but a significant reduction in mortality was observed when ana-
lysingg trials using low-dose, long-course corticosteroids.6" The authors suggest 
givingg 200-300 mg hydrocortisone for 5-11 days to septic shock patients with 
signss of adrenal insufficiency. However there is need for a large multicenter, 
multinationall  trial to provide a definitive answer. 

Thee coagulation cascade strongly influences inflammation, and manipula-
tionn by Activated Protein C has anti-inflammatory and pro fibrinolytic proper-
ties.. In the PROWESS trial recombinant human activated protein C (rhAPC) or 
placeboo was administered to patients with severe sepsis and rhAPC showed a 
28-dayy mortality reduction of 6.1%.f,! RhAPC treatment seems beneficial, but 
onee must be cautioned for generalisability of one RCT. RhAPC does increase the 
riskk of bleeding and is therefore contraindicated in patients in which bleeding 
mayy be associated with high risk of mortality or significant morbidity.62 Patients 
operatedd for abdominal sepsis may well fall into that category. 

Selectivee Decontamination of the Digestive tract (SDD) is indicated in patients 
withh an expected ICU stay > 72 hours or expected mechanical ventilation > 48 
hours,, with a caution for antibiotic resistance and an increase in Candida infec-
tion,611 However, there is a low incidence of MRSA in the Netherlands where the 
studyy was performed. 

Lowerr tidal volume ventilation in patients with Acute Lung Injury (ALI) or 
Acutee Respiratory Distress Syndrome (ARDS) lowered mortality, whereas the use 
off  aggressive volume resuscitation to re-establish (supra-)normal levels seems 
nott successful in sepsis.64"''6 

Hyperglycemiaa is a frequently encountered phenomenon in critically il l 
patients.. In response to stress the hormonal response is to increase insulin 



productionn and counter regulatory hormones such as glucagons and Cortisol Q 
andd to decrease insulin activity.fi~6*  Maintenance of an absolute normal blood | 
glucosee level (below 110 mg/dl) reduced both mortality and morbidity in criti- 2 
callyy il l surgical intensive care patients ,̂ and emphasise the need for control of 4 
bloodd glucose levels.70 = 

Forr renal replacement therapy, experimental septic shock models show there | 
aree indications that continuous veno-venous hemofiltration (CWH) may have a |-
beneficiaryy effect on hemodynamic parameters or on short-term survival.7'7- ^ 
Thiss is limited to high-volume CWH, high permeability filters and when CWH | 
iss early initiated. In humans there are ample randomised studies.71 -7A It is not evi- | 
dentt whether high-volume hemofiltration improves outcome in septic patients. 
Currentlyy there are insufficient data to apply CWH as adjunctive treatment in 
septicc shock patients except for evaluation in clinical trials.7SJ(> 

Additionall  treatment requirements for the septic ICU patient consists of 
deep-veinn thrombosis prophylaxis (heparin, compression stockings), stress ulcer 
prophylaxiss (H, receptor inhibitors).77 Enteral feeding is established predomi-
nantlyy to prevent mucosal atrophy. Immunonutrition is not associated with a 
declinee in mortality rates but possibly reduces infectious complications and has 
provedd to be cost-effective.78™ There seems to be no substantial role for nitric 
oxidee (NO) synthase inhibitors which showed effective support of blood pres-
suree but unfortunately an increase in mortality.*° A logistic consideration in 
ICUU care is that there are reports that high-intensity ICU staffing significantly 
lowerss ICU and hospital mortality as compared to low-intensity staffing."1 

Surgery y 
HistoricalHistorical development 
Untill  the beginning of the 20th century, peritonitis was not generally regarded 
ass a surgical disease. In the 1880-ies, Mikulicz opinionated that 'a laparotomy 
wass indicated in purulent peritonitis'." In the second decade of the 20th centu-
ry,, the opinion of 'ubi pus, ibi evacua' gained ground. In evacuating the pus in 
peritonitiss the advantages were found to outweigh the disadvantages." In 1926, 
twoo German surgeons Kirchner and Korte for the first time stated the principles 
off  surgical treatment of peritonitis: early surgical intervention, elimination of 
thee focus of the infection and peritoneal lavage.*J The general acceptance of 
thiss principle in the 1920's led to a major mortality reduction from around 90% 
too 40%.*! The second reduction in mortality occurred with the development of 
intensivee care medicine and further advances in antibiotic treatment in the 
1980's.. After that, mortality rates remained virtually unchanged for the last 
twoo decades. 

SurgicalSurgical treatment 
Surgicall  treatment nowadays is the cornerstone of treatment of patients with 
secondaryy peritonitis and usually comprises (1) elimination of the infectious 
focuss and (2) peritoneal lavage.*1'*5 
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(1)(1) Elimination of the infectious focus or source control in secondary perito-
nitiss is the foremost aspect of surgical treatment. It is aimed at stopping the 
deliveryy of faeces, blood, bile or gastric contents into the peritoneal cavity and 
therebyy reducing the quantity of these harmful substances to allow the patients 
immunee defence system and antibiotic therapy to eradicate possible residual 
infection.*66 Source elimination is the most pivoted step in surgical treatment 
andd should be achieved during the initial operation. It has been shown that 
survivall  is strongly associated with successful elimination of the focus of peri-
tonitis.*7* 88 The surgical approach in secondary peritonitis is routinely through 
aa midline laparotomy, allowing a good overview of the abdominal cavity and 
deeperr pockets without transverse disruption of artery-rich abdominal wall 
musculature. . 

Eliminationn of the infectious focus may be achieved by suture, resection or 
exteriorisation.. Choice for procedure depends on anatomical source, degree of 
peritoneall  contamination, patients own physical reserve, underlying cause (e.g. 
traumaticc perforation, infectious perforation) and 'primary' or post-surgery.86 

Simplee suturing may be sufficient in for example gastric or duodenal perfora-
tions.. Resection is relatively straightforward in case of a perforated appendix 
(appendectomy)) or a perforated gallbladder (cholecystectomy). When peritonitis 
originatess from the colon or small bowel resection implies continuity restora-
tionn with the risk of anastomotic dehiscence. Resection followed by primary 
anastomosiss is the preferred treatment of small bowel as well as colon perfora-
t ion .8^^ Resection may be accompanied by a protective proximal enterostomy. 
Infectedd necrotising pancreatitis should be considered a separate entity, for 
multiplee laparotomies may be indicated to eliminate the infectious focus. In 
casee of an abscess this may be eliminated non-opera tively by non-invasive meth-
ods,, e.g., percutaneous drainage. In case of ischemia a distinction should proba-
blyy be made between local ischemia due to strangulation and more widespread 
vascularr ischemia. In the first a local resection with a primary anastomosis may 
bee sufficient to eradicate the source of infection. For the latter some surgeons 
performm resection of the ischemic segment and leaving stapled-off loops in the 
abdominall  cavity, feeling the obligation to inspect the margins for ongoing 
ischemiaa during a relaparotomy after one or two days. In patients with occlu-
sivee mesenteric ischemia in absence of intestinal infarction arterial blood flow 
mayy be restored by embolectomy or bypass. 

Pathologyy of the left colon has led to debate on the optimal treatment. In 
acutee complicated diverticular disease, Gooszen et al. showed a preference of 
primaryy anastomosis with a diverting enterostomy above a Hartmann pro-
ceduree which was associated with a higher morbidity.lJ" A recent systematic 
revieww of 54 studies showed that a primary anastomosis is a safe alternative 
too the Hartmann procedure since mortality and morbidity rates are compara-
ble,, although a randomised controlled trial to establish its safety.I>] A one-stage 



approachh may be preferable, because only 60% of patients ultimately undergo 
colostomyy closure.9-

(2)(2) Peritoneal lavage is performed to reduce the quantity of bacteria and remove 
additionall  substances and so supporting the patients host defence mechanism.93 

However,, in experimental peritonitis is has been shown that microbial perito-
neall  colonies are resistant to peritoneal lavage.91 There is no strong evidence for 
lavagee fluids to actually remove bacteria from the peritoneal surface directly 
throughh mechanical washing and/or dilution. In vitro experiments with mes-
otheliall  cell layer revealed a potential harmful effect of lavages on peritoneal 
defensee mechanisms.94 

Threee types of lavage fluids or additions have been used: physiologic solu-
tions,, antibiotics or antiseptics. Physiologic solutions used for lavage comprise 
mainlyy of saline, but dextrose or dextran suspensions have been described. 
Scheinn stated that there is no hard evidence for saline lavage*"1 and demonstrat-
edd that intraoperative lavage with saline or antibiotics did not influence the 
outcomee following laparotomies for peritonitis.1" Also operative or postopera-
tivee antibiotic abdominal lavage has been studied96,97, but there is a no well per-
formedd randomised clinical trial available to show benefit.96 

Experimentall  peritonitis studies in mice have shown a benefit for closed 
postoperativee peritoneal lavage with chloorhexidine.9*  Human studies show 
thatt additional substances to the lavage with antiseptics such as chloorhexi-
dineyyy or povidone-iodine"" have no beneficial effect or may even be toxic.9ftlU! 

InIn surgical practice large amounts of body warm saline are used to irrigate 
thee contaminated abdomen without strong evidence to sustain this mode of 
action.. Peritoneal lavage may even damage mesothelial cells having an impor-
tantt role in the immune response.94 

Intra-abdominalIntra-abdominal abscess 
Ann intra-abdominal abscess is a walled-off collection of pus in the peritoneal 
cavityy as a result of the physiological host defence mechanism. Diagnosis of 
abdominall  abscesses can be made by ultrasonography or CT-scan. US is often 
usefull  in specific cases, but when compared with CT scanning results usually 
showw lower sensitivity and specificity.11"" " 

Treatmentt of abscesses by antibiotics is hampered by the hypoxia, low pH 
andd high toxins concentrations in the abscess. Surgical drainage or the more 
minimallyy invasive radiological-assisted percutaneous drainage is the treat-
mentt of choice. Improvement of imaging techniques and development of more 
flexibleflexible catheters has led to a successful percutaneous drainage percentage of 
86%% in selected postoperative patients.UH-m Factors predisposing to a failure of 
percutaneouss drainage of abdominal abscesses were non-postoperative abscess-
es,, abscess diameter < 5cm and no antibiotic treatment."*1U7 
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II  SURGICAL TREATMEN T STRATEGIES 

II  Discarded strategics 
33 In 1988, the Surgical Infection Society of Europe considered radical peritoneal 
>> debridement, continuous postoperative peritoneal lavage and repeated laparot-
== omy to be variations in standard surgical technique for the treatment of sec-
== ondary peritonitis.]0*  Also primary laparostomy, or the 'left-open abdomen', was 
'%-'%- considered as a separate treatment entity.109 

|| Radical peritoneal debridement comprises removal of fibrin and necrotic 
|| tissue as part of a thorough abdominal exploration.110111 It was eventually dis-
|| carded due to several objections, the most important being excessive bleeding 
££ from damaged surfaces in a randomised trial. 
|| Continuous postoperative peritoneal lavage (CPPL) is can be achieved by leav-
JJ ing abdominal drains in place at the end of the laparotomy for postoperative 

lavagee of the peritoneal cavity.11- It may be impossible to irrigate the abdomen 
inn this manner because fibrous drain tracts soon develop so that only the drains 
communicatee during lavage.MJ Reports of CPPL nowadays arc anecdotal and in 
aa Dutch survey on surgical treatment strategies for secondary peritonitis none 
off  the responding surgeons indicated that CPPL was the strategy of choice in 
theirr hospital.11' This is in contrast to the widely applied CPPL in patients with 
infectedd pancreatic necrosis. 

Primaryy laparostomy or the open abdomen technique relieves intra-abdomi-
nall  pressure facilitating ventilation and circulation, although related clinical 
benefitss remain unproven.s" Here, the decision is made to leave the abdomen 
openn even if closure is technically possible. The open abdomen approach was 
thoughtt to allow spontaneous drainage and simplify re-interventions. In a 
recentt study, more than half of the patients treated with a primary open abdo-
menn developed multiple organ failure, whereas 48% developed severe bleeding 
orr fistula."" Major objections are massive loss of fluid and electrolytes, retrac-
tionn of the abdominal wall needing major surgery for later closure, eviscera-
tion,, fistula formation and contamination by exogenous bacteria.*5* 41]5l,fi The 
incidencee of these complications is significantly higher with open management 
thann with closed techniques117, and this has persuaded many surgeons to aban-
donn the primary open management of the septic abdomen. 

PlannedPlanned relaparotomy (PR) 
Plannedd relaparotomy and later modifications of the 'staged abdominal repair' 
orr 'etappenlavage', evolved in the 1980's based on findings that when multiple 
organn failure developed, relaparotomy was futile."4 The rationale for this policy 
iss to anticipate the formation of infectious collections and to preclude their sys-
temicc effects.nr' Relaparotomies are carried out every 24^18 hours under general 
anaesthesiaa in the operating room or ICU, irrespective of the patient's clini-
call  condition. It has proven to reduce mortality rates significantly for the cases 



whenn adequate elimination of the infectious focus in first instance is not pos-
sible.11"1199 PR has gained much popularity even without any substantial data to 
corroboratee that a reduction in mortality is accomplished. It has been hypothe-
sisedd that a cytokine-driven inflammatory response can persist in the peritoneal 
cavity.""  When this is true, repeated laparotomies with lavage could be benefi-
ciall  for the patient with a severe intra-abdominal sepsis. In a prospective clinical 
studyy by Holzheimer etui, plasma and peritoneal cytokine levels were studied in 
patientss undergoing planned relaparotomies for severe intra-abdominal infec-
tion.1-00 This study showed that peritoneal TNF and elastase levels decreased dur-
ingg repeated relaparotomies in survivors but remained elevated in patients who 
eventuallyy died. 

Proclaimedd advantages of the PR strategy are that relaparotomy allows early 
detectionn of possible complications and that the abdomen is still easily acces-
siblee due to fewer adhesions during each relaparotomy. A possible disadvan-
tagee of the PR strategy may be the inevitable negative final relaparotomy when 
onee adheres to the stated definition of PR, for relaparotomies are performed 
untill  the abdomen is clean at the final, thus unnecessary, relaparotomy. It 
hass been stated that 'a negative relaparotomy is better than a positive autopsy 
butt is not, nevertheless, a benign procedure'.m Each laparotomy increases the 
riskk of complications such as fistula and haemorrhage.121 The number of per-
formedd relaparotomies may well be related to the number of complications. 
Somee authors have proposed to use operative abdominal culture results and 
especiallyy the number of colony forming units (cfu) as criterion for terminating 
aa planned strategy.121 Logistic considerations play a role in the PR strategy such 
ass additional operating room time and transportation of a critically-il l patient. 

RelaparotomyRelaparotomy on demand (ROD) 
Fromm a historical viewpoint, 'wait and see' or conventional management 
wass what surgeons more than a century ago thought to be the best option. 
Penninckxx et a\. described the unfortunate medical history of 11 patients need-
ingg additional surgery although a single laparotomy was primarily intended 
andd named this an on-demand relaparotomy.1- In 1995 Hau et a\. of the Surgical 
Infectionn Society-Europe cautioned surgeons using PR, because postoperative 
multiplee organ failure was more frequent in patients treated with PR than in 
thosee treated with the ROD strategy.1" In the modern version of the ROD strategy 
thee term wait-and-see is inappropriate. Clinical deterioration of lack or improve-
mentt is monitored closely by clinical parameters, quantitative measurement of 
changess in organ functions utilising validated scoring systems, timely (enteral 
ass well as intravenous) contrast-enhanced CT imaging and adequate image-guid-
edd therapy. 

RODD is defined as the decision during the index laparotomy not to perform 
aa relaparotomy unless the clinical condition of the patient deteriorates or fails 
too improve. It is less well defined than a planned relaparotomy, introducing a 



potentiall  problem. How to define 'deterioration' and 'lack of improvement' and 
howw they can be quantified for the individual patient. Criteria for relaparotomy 
whenn adhering to an on demand strategy remain ill-defined. And the question 
iss what set of objective criteria should be used to evaluate whether or not to 
performm a relaparotomy. 

Potentiall  advantage of the ROD strategy is that a relaparotomy is only per-
formedd in selected patients, i.e., patients who most likely need and benefit from 
aa relaparotomy. Possible disadvantages of the ROD strategy could be that the 
choicee for a ROD strategy leads to a certain delay, harbouring the risk that the 
clinicall  situation of a patient may reach a point of no return. 

Adherencee to the ROD strategy does imply a change in overall surgical atti-
tude.. It needs to be emphasised that a ROD policy does not imply a passive 'wait-
and-see'' attitude of the treating medical team, but a vigilant observation of 
thee postoperative peritonitis patient. For as long as objective, well-defined and 
validatedd criteria for performance of a relaparotomy in an 'on demand' patient 
doo not exist, the surgeon should be prepared to perform frequent CT scans with 
radiologicall  investigations and subsequent percutaneous interventions -when 
necessary-- playing a substantial role in the non-surgical treatment of patients 
withh secondary peritonitis after the index laparotomy. Both ultrasonography 
andd CT-scan permit simultaneous image-guided drainage of abscesses or fluid 
collectionss for confirmation of the diagnosis or for percutaneous drainage pro-
cedures.. Thus, the ROD strategy may allow a window for assessment of suit-
abilityy for percutaneous drainage procedures of abscesses, potentially avoiding 
aa more invasive surgical procedure. A close collaboration between surgeons, 
radiologistss and intensivists is necessary and more transport of the critically-il l 
patientt may be needed when radiology and ICU department are not adjacently 
situated. . 

DilemmaDilemma of PR versus ROD 
Studiess comparing patients treated by the PR and the ROD strategy are limit -
ed,, non-randomised and generally lack detailed information on morbidity and 
long-termm outcome. A meta-analysis of 8 observational studies, level of evidence 
II-IV ,, comparing the PR and ROD strategy in secondary peritonitis showed a non-
significantt advantage for the ROD strategy over the PR strategy as measured by 
thee in-hospital mortality (Odds Ratio 0.70 |95% C.I. 0.27-1.80]) when corrected 
forr heterogeneity of the studies.124 Subgroup analysis did show a significant 
advantagee for the ROD strategy when prospective studies (OR 0.52 [95% C.I. 0.27-
1.00)) and studies published after 1995 were assessed (OR 0.21 [95% C.I. 0.09-0.53). 
However,, apparently there is lack of uniform definitions on patients, and even 
off  interventions in studies comparing the PR strategy with the ROD strategy. 

Inn our retrospective analysis of 278 consecutive patients with secondary 
peritonitiss in a university hospital an overall in-hospital mortality of 25.8% 
wass found.-7 Patients treated by the ROD strategy had significant lower in-hos-



pitall  mortality than those treated by the PR strategy (21.8% versus 35.8%; P < 
0.02).. Surgery-related complications occurred less frequently in the ROD than 
thee PR group (43.1% versus 59.3%; P=0.015). In multivariate analysis choice for 
treatmentt strategy proved to be an independent predictive factor for outcome. 
However,, this is a retrospective study susceptible to selection bias. 

Criteriaa for relaparotomy 
Criteriaa for the decision to perform a relaparotomy and its timing and indica-
tionn in patients with secondary peritonitis are neither uniform nor well-defined. 
Imperativee reasons for relaparotomy such as burst abdomen, evident faecal con-
tentt production from abdominal drains or intra-abdominal gauzes from the 
indexx laparotomy, are clear and usually no matter of debate as indication for a 
relaparotomy.. When adhering to a PR strategy a relaparotomy is performed every 
24-488 hours until the abdomen is macroscopically clean. A problem is encoun-
teredd in the definition of a ROD strategy, a relaparotomy performed when the 
clinicall  situation of the patient deteriorates or does not improve. Definitions of 
'clinicall  deterioration' and 'non-improvement' do not exist. Subjective factors, 
clinicall  experience or even authority-based evidence are often put forward as 
motivationss for when to perform a relaparotomy. A shift is needed from this 
subjectivee motivation to a more objective, evidence-based prediction of patients 
thatt wil l benefit from a relaparotomy in secondary peritonitis. 

Intra-abdominalIntra-abdominal pressure (LAP) 
Abdominall  pathology may lead to intra-abdominal hypertension (IAH), result-
ingg from a rapid elevation in IAP. Measurement of LAP is done by a validated 
standardisedd method using a Foley catheter in the bladder.1^ In surgical ICU 
patientss IAH is observed in 30% of patients.12*  In the classification system as 
proposedd by Burch et al. IAH is defined as an LAP of more than 10 mmHg.1-7 In 
aa random selection of non-critically il l patients the 'normal' mean IAP was 6.5 
mmHgg (range 0.2-16.2 mmHg).128 In postoperative patients equal IAP levels may 
bee seen, caused by visceral oedema and reduced abdominal wall compliance as 
aa result of pain. 

Therapeuticc management of critically elevated IAP is mainly based on clini-
call  experience and personal preferences and not substantiated by clinical tri-
als.. In patients with an extremely high IAP (> 25 or 30 mmHg) a decompressive 
laparotomyy is the therapy of choice. Peroperative enteral decompression may 
assistt in lowering the IAP. Non-surgical interventions are directed at preven-
tionn of negative effects of elevated IAP on organ function by adjustment of fluid 
resuscitation. . 

Uncontrolledd IAH may lead to multiple organ failure in which all major organ 
systemss are involved, associated with a high morbidity and mortality rate. With 
developmentt of the abdominal compartment syndrome the mortality can be as 
highh as 50%.,iy It is obvious that these patients should be monitored very care-



fully ,, however a good clinical guideline how to monitor and treat these patients 
or,, which threshold of IAP is crucial to decide for a decompression relaparotomy 
aree still issues of discussion. To date, outcome remains poor and the optimal 
timingg of decompression is still not known.130 Possibly the change in IAP rather 
thann the absolute IAP is of clinical importance. 

SubjectiveSubjective factors 
Thee subjective feeling or 'gut-feeling*  of the surgeon or the surgical team may 
playy a major role in the choice for treatment strategy in patients with secondary 
peritonitis.. A survey among surgeons in the Netherlands assessing the preferred 
treatmentt policy in 16 case vignettes simulating patients with secondary peri-
tonitiss revealed a slight preference for the ROD strategy.111*  Furthermore, pre-
dominantlyy peritonitis and surgical treatment factors influenced surgeons in 
theirr choice for either a PR strategy or a ROD strategy. However, it needs to be 
emphasisedd that there was substantial variability in the answers by surgeons 
illustratingg controversy on preferred treatment strategy per case and undermin-
ingg a frequently encountered opinion that choice for treatment strategy can 
generallyy be made on basis of individual case characteristics. 

AA shift is needed from subjective to more objective decisions in the treat-
mentt of patients with secondary peritonitis. The subjective motivations can be 
basedd on experience, peer guidance, or lower level of evidence. More objective 
criteria,, such as reliable scoring systems are needed to aid in the care of patients 
withh secondary peritonitis. 

ScoringScoring systems as indication for relaparotomy 
Inn 1993 Pusajo et a\. validated the previously developed Abdominal Reoperation 
Predictivee Index (ARPI) consisting of 8 factors associated with a significant need 
forr relaparotomy. These predictive factors were emergency surgery, ileus from 
thee 3rd day postoperatively onwards, wound infection and respiratory and renal 
failure,, abdominal pain, consciousness alterations and 'symptoms' appearing 
fromm the 4th day after the index operation."1 The major drawback of predictive 
factorss in the ARPI is that the factors were not well-defined and not applica-
blee to peritonitis patients in the ICU. Furthermore, a broad definition of sec-
ondaryy peritonitis (including gynaecological, urological and vascular-surgery 
patients)) was applied to predominantly elective operated patients. Non-infec-
tiouss patients constituted 10% of the total study population and clinical rea-
soningg was not used to select the variables. This scoring system has not been 
validatedd in other patient groups and thus failed to gain general acceptance in 
thee care of patients with secondary peritonitis.'" Nonetheless, the concept of a 
longitudinall  scoring system to assess whether an individual patient requires a 
relaparotomyy is a valid one. The Peritonitis Prognostic Model (PPM) incorporates 
variabless from various time points during the disease, but has not been thor-
oughlyy validated.1" 



AA lack of improvement in SOFA score from postoperative day 2 onwards for 
patientss with persisting intra-abdominal sepsis has been described as reason for 
neww surgical re-exploration, but the methodological shortcomings of this study 
doo not permit immediate implementation.m, !4 

AA scoring system or prediction rule to select patients requiring a relaparoto-
myy after an initial 'index' laparotomy in secondary peritonitis would make the 
decisionn for performing such a relaparotomy more objective. Methodological 
standardss of clinical prediction rules include reducing bias in prediction rules 
byy precise definition of outcome and the predictive findings with blinded assess-
ment.1-""  Internal validation, but preferably external validation of a prediction 
rulee in a second, independent, prospective study is needed to eliminate poten-
tiall  bias in patient selection or data collection. Such a prediction rule would 
support,, not replace the treating medical team in the management of patients 
withh secondary peritonitis. More research is needed in this area. 

FURTHERR ADVANCEMENT S 

Majorr advances in treatment of patients with secondary peritonitis until now 
weree early abdominal operation, development of antibiotics and improvement 
off  intensive care support. In which field of research are advances in mortality 
reductionn to be expected? 

Fromm a surgical point of view treatment has for long been largely non-evi-
dencee based, so more evidence-based data for treatment of patients with sec-
ondaryy peritonitis must come forward. For the long lasting dilemma of PR or 
RODD in patients with secondary peritonitis current evidence for clear benefit 
off  either strategy is marginal or submissive to bias and a answer may be found 
inn performing a RCT or level I evidence such as the ongoing Dutch RELAP-
trial.. Uniform definitions are needed with standardisation of patient groups for 
comparabilityy of studies.'l i 6 More trials comparing the PR and ROD strategy are 
needed.. Further development of well-defined criteria or scoring systems aiding 
thee treating team for when to perform a relaparotomy in a peritonitis patient 
mayy minimise the number of negative relaparotomies as well as the number of 
casess in whom a relaparotomy was performed 'too late'. 

Fromm the ICU point of view many advances have been made regarding man-
agementt of sepsis in general. Much of the evidence in treatment for patients 
withh abdominal sepsis is deducted from subgroup analysis from large sepsis 
studies,, whereas more peritonitis-specific research is needed. RCT's with benefi-
ciall  results on mortality, such as RliAPC, need to be confirmed in other RCT's. 
Closee daily collaboration with radiologists may result in more specific indica-
tionss for radiological interventions as well as an increase in indications for diag-
nosticc and interventional CT-scans. Trials on this subject need to be performed, 
togetherr with a better documentation of indications and results of percutane-



ouss interventions. Knowledge of bacteria encountered in specific subgroups of 
patients,, together with a close collaboration with microbiologists may allow 
furtherr improvement in empirical and therapeutic antibiotic choice for patients 
withh secondary peritonitis. 

InIn essence, the treatment of patients with secondary and tertiary peritonitis 
hass evolved from a single specialist approach to a multidisciplinary approach 
withh close collaboration between surgeons, intensivists, radiologists and micro-
biologists.. Further multidisciplinary development in clinical trial research, 
treatmentt and care for patients with secondary peritonitis could lead to further 
reductionn in morbidity, mortality and improvement of quality of lif e of these 
critically-il ll  patients. 
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ABSTRACT T 

Background Background 

Plannedd relaparotomy (PR) and relaparotomy on demand (ROD) are two fre-
quentlyy employed surgical treatment strategies for patients with abdominal 
sepsis.. The available literature was evaluated to compare the efficacy of both 
surgicall  treatment strategies. 

Methods Methods 

AA systematic search for studies comparing PR and ROD in adult patients with 
secondaryy peritonitis was performed. Studies were independently reviewed for 
designn features, inclusion and exclusion criteria and outcomes. The primary 
outcomee measure was in-hospital mortality. 

Results Results 

Noo randomised studies were revealed through the search; eight observational 
studiess with a total of 1266 patients (286 PR, 980 ROD) met the inclusion criteria 
andd were included in the metaanalysis. The 8 included studies were heterogenic 
forr clinical and statistical grounds (Chi-square=40.7, P<0.01). Using a random 
effectss approach, the combined odds ratio (OR) for in-hospital mortality was 
0.700 (95% C.I. 0.27-1.80) in favour of the ROD strategy. 

Conclusions Conclusions 

Thee combined results of observational studies show a non-significant reduction 
inn mortality for the ROD strategy compared to the PR strategy when corrected 
forr heterogeneity in a random effects model. Due to the non-randomised nature 
off  the studies, the limited number of patients per study, and the heterogeneity 
betweenn studies, inconclusive evidence was generated by the eight studies. 



11 INTRODUCTIO N 

11 Secondary peritonitis or abdominal sepsis still has a high mortality of around 

11 30%, this despite improvement of antibiotic treatment and intensive care facili-

|| ties. Surgical treatment of secondary peritonitis is usually three-fold, consisting 

^^ of a laparotomy to eliminate the source of infection, peroperative peritoneal lav-

'&'&  age to reduce bacterial load, and prevention of persistent or recurrent infection. 

|| The latter may be established by continuous postoperative peritoneal lavage, by 

~~ leaving the abdomen open (laparostomy), via repetitive planned relaparotomies 

|| (PR) or by a relaparotomy on demand (ROD) strategy. Continuous postoperative 

££ lavage has failed to gain wide acceptance.1 Following the initial (index) laparot-

^^ omy in secondary peritonitis, in particular the PR and ROD strategies are com-

j jj  monly used for patients with intra-abdominal ' 

Thee main advantages of the PR strategy are early detection of persistent 

infectionn or infectious complications being potentially beneficial in relation 

too patient outcome, and minor adhesion formation during early relaparotomy, 

possiblyy reducing the risk of surgical complications. The ROD strategy may be 

beneficiall  when relaparotomies are limited to those patients who indeed need 

suchh treatment, thereby preventing unnecessary laparotomies when infection 

iss resolved during conventional postoperative treatment. Furthermore, this 

strategyy may provide a time span to allow development of a contained infection 

accessiblee to percutaneous interventional techniques. 

Here,, we conducted a systematic review of studies to compare the effect of 

thee planned relaparotomy strategy and the relaparotomy on demand strategy in 

patientss with secondary peritonitis. 

METHOD S S 

InclusionInclusion and exclusion criteria 

Too be included, studies had to assess patients undergoing either a PR or a ROD 

strategyy after an initial laparotomy for secondary peritonitis and had to com-

paree the PR with the ROD strategy. In addition, in-hospital mortality data had 

too be available. Excluded were articles on CAPD peritonitis, peritonitis due to 

pancreatitiss and peritonitis in patients younger than 18 years. CAPD peritoni-

tiss was excluded because the treatment is primarily conservative (antibiotics) 

andd surgical treatment usually consists of removal of the CAPD catheter only. 

Pancreatitiss was excluded because of its initially non-infectious aetiology and 

thee primarily non-operative treatment, although planned reoperations are per-

formedd for debridement of (infected) pancreatic necrosis.7'J No restriction was 



placedd with respect to methodological criteria, but evaluation of the relation-
shipp between methodological quality and outcome was planned. 

PRR was defined as the decision made during the initial operation for sec-
ondaryy peritonitis to perform one or more relaparotomies every 1 to 3 days 
untill  no residual infection was found. ROD was defined by the performance of 
aa relaparotomy after the initial laparotomy for peritonitis only when the clini-
call  condition of a patient deteriorated or failed to improve. The index opera-
tionn was defined as the initial laparotomy of a patient for secondary peritonitis. 
Secondaryy peritonitis was defined as an intra-abdominal sepsis caused by perfo-
ration,, infection, ischaemia or necrosis of part of the digestive tract or visceral 
organ,, or peritonitis due to a postoperative complication. 

Searchh strategy 

Twoo authors (B.L, M.A.B.) independently performed a formal computer-assist-
edd search of the medical databases Medline (January 1966 to January 2002), 
Cochranee Database of Systematic Reviews, Cochrane Clinical Trials Register, 
Databasee of Abstracts on Reviews and Effectiveness, Current Controlled Trials 
andd Embase (January 1988 to January 2002). Keywords and Medical Subject 
Headingg (MeSH) terms used were 'abdominal sepsis', 'secondary peritonitis', 
'relaparotomy'' and 'planned relaparotomy' identifying English and German 
clinicall  studies. A manual cross-reference search of the eligible articles was per-
formedd to identify additional relevant articles. No unpublished data or data 
fromm abstracts were encountered or used. 

DataData collection 

Threee authors (B.L, M.A.B. and j.B.R.j independently assessed selected studies 
andd extracted data on methodology, level of evidence, population, interven-
tionn and outcome measures and judged whether the publication met the stated 
inclusionn criteria. The methodological quality of studies was initiall y evaluat-
edd using the Levels of Evidence for studies on therapies of the NHS Research 
andd Development Centre for Evidence Based Medicine, Oxford, UK (http://www. 
cebm.jr2.ox.ac.uk}}  as originally developed by Fletcher etdl. in 1979.,(J 

Somee key methodological issues were assessed in more detail. The allocation 
proceduree of a particular treatment strategy was assessed for randomisation, 
timingg of the allocation and the used criteria for allocation. Retrospective, pro-
spectivee and secondary prospective collection of data was analysed, as well as 
potentiall  adjustment for difference in prognosis. Retrospective data collection 
wass defined as data extracted from patient charts or from routine data sources. 
Prospectivee data collection was defined as when patients were identified and 
startt of the specific data collection before the index operation. Secondary pro-

http://www
http://cebm.jr2.ox.ac.uk%7d


spectivee data collection was defined as use of prospective data but from another 

studyy or from an ongoing register. Adjustment for differences in prognosis at 

timee of the index operation (baseline) was performed by design (randomisa-

tionn or matching), by statistical analysis (stratified analysis or modelling tech-

nique)) or by exclusion of subgroups. Data on secondary outcome measures were 

retrievedd from the included studies. Disagreement on inclusion of studies and 

dataa extraction was resolved by group discussion. The reporting checklist pro-

posedd by the Meta-analysis of Observational Studies in Epidemiology (MOOSE) 

group111 was used as guideline performing this meta-analysis. Observational 

studiess were defined as effectiveness studies using data from existing databases, 

cross-sectionall  studies, case series, case-control studies, or studies with a histori-

call  control or a cohort design.11'-

StatisticalStatistical analysis 

Thee primary outcome measure was the odds ratio for in-hospital mortality in the 
individuall  studies. An odds ratio lower than 1 signifies a higher risk of dying in 
thee PR strategy as compared to the ROD strategy. Statistical heterogeneity of the 
includedd studies was assessed as chi square (Chi-squarc) test with k -1 degrees of 
freedom.. Estimates of efficacy of therapies were expressed as pooled odds ratio 
(OR)) using either the fixed effects model (according to Mantel-Haenszel}n or the 
randomm effects model (according to DerSimonian-Laird)1^, depending on the 
degreee of heterogeneity of the included studies. When significant heterogeneity 
wass found, the random effects method was used to calculate the pooled OR. P-
valuess were calculated with chi-square or Fisher exact test when appropriate; P < 
0.055 was considered statistically significant. Data analysis was performed using 
thee Review Manager 4.1 software from the Cochrane Collaboration, Oxford, U.K. 
andd SPSS version 9.0 (SPSS, Chicago, Illinois, USA). 

RESULTS S 

Excludedd studies 

Thee initial search yielded 181 articles of which 161 articles did not meet our 

inclusionn criteria (Fig. 1). The majority of excluded articles covered topics such 

ass indications, diagnostic modalities and scoring systems for peritonitis or 

relaparotomy.. Further excluded articles were review articles, articles on prog-

nosticc variables not including data on treatment strategy, articles comparing 

antibioticc strategies or different lavage fluids, and articles on treatment strate-

giess for acute pancreatitis. Retrieval and assessment of the 20 candidate articles 

ledd to further exclusion of 3 articles'1 r because of providing insufficient data on 



Figuree 1 Number  of studies identified and evaluated durin g the review 
process. . 

Potentiall  relevant articles identified 
andd screened (n = 181) 

Articless excluded because of'not 
meetingg inclusion criteria |n =161) 

Articless retrieved for more detailed 
informationn (n = 20) 

Articless excluded because of: insufficient 
dataa on primary outcome (n = 3) 

addressingg PR or ROD strategy only (n = 9) 

Articless included in the systematic review (n = 8) 

VR:VR: planned relaparotomy. ROD: relaparotomy on demand. 

ourr primary endpoint and another 9 articles were excluded because of assessing 
onlyy the PR1 -b-]*' n or the ROD strategy-4 without comparison to the other strategy. 
Noo randomised clinical trial or Level I evidence was encountered during the 
searchh of the literature. 

IncludedIncluded studies 

Thee 8 articles2532 included in the meta-analysis are depicted chronologically in 
Tablee 1. The total number of patients in these 8 studies was 1266 patients (286 

Tablee 1. General characteristics of included studies 

StudyStudy Year of Country No. of Inclusion period So. of patients 
publicationpublication hospitals PR ROD 

Penninckxx et al"' 
Andd rus ei al." 
Penninckxx et til.'" 
Wi t tmannn et al.3-
Hauu et al1? 

Kopeinaa etui.""' 
Grunauu d al."' 

Kopernaa et al."'' 

1983 3 
1986 6 

1990 0 
1994 4 

1995 5 
1996 6 
1996 6 

2000 0 

Belgium m 
Unitedd States 

Belgiumm 1 
Unitedd States 
33 countries t 
Austria a 
Germany y 

Austria a 

2 2 

18 8 

Unknown n 
19800 - 1985 
Unknown n 
1987 7 

19922 - 1993 
19922 - 1995 
19899 - 1993 

19866 - 1996 

31 1 

34 4 
44 4 

95 5 
38 8 
9 9 
13 3 

22 2 

11 1 
43 3 

9 9 

260 0 
38 8 
83 3 

35 5 
501 1 

PR:PR: planned relaparotomy (total 286 patients). ROD: relaparotomy on demand (total 980 patients). 
Overalll  1266 patients. Unknown: no study period mentioned. ' Different hospitals, t Germany 
SwitzerlandSwitzerland and Austria. 
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PR,, 980 ROD), in whom 283 deaths (101 PR, 182 ROD) occurred. The median | 

numberr of patients in the on demand strategy (40.5 patients, range 9-501) was Z 

higherr compared to the median number of patients in the planned strategy |r 

(32.55 patients, range 9-95). .1 

ClinicalClinical characteristics | 
Patientt characteristics illustrated that patients in the PR and ROD group were = 
comparablee for median age (53.8 versus 54.0 years, respectively). Male patients =' 
weree slightly more prominent in the ROD group (1.06:1), whereas in the PR group 9 
femalee patients outnumbered male patients (1.15:1). The severity of disease was I" 
expressedd as APACHE II score in 4 studies~r"2S-1' and as Acute Physiology Score ^ 
(APS)) in 1 study." The APACHE II score was higher in the PR group (15.9, range I 
10.0-17.6)) as compared with the ROD group (10.5, range 10.0-11.8), as was the APS «' 
(21.00 versus 18.0). One study" calculated the Mannheim Peritonitis Index (MPI) 
scoree and revealed comparable scores for the PR and ROD strategy (32.4 and 
32.2,, respectively). 

Specificc clinical and design characteristics of the included studies are shown 
inn Table 2. The patient population ranged from patients with severe, generalised 
peritonitiss to patients with intra-abdominal infection due to a postoperative 
complication.. The percentage of' patients with postoperative peritonitis was 
comparablee in PR group (median 33.6%, range 18.2-43.2%) and the ROD group 
(31.1%,, range 9.2-51.2%). The median percentage of patients in whom elimina-
tionn of the focus of the peritonitis was successful was 86.8% (range 46.2-100%) 
inn the PR group and 88.6% (range 86.8-89.2%) in the ROD group, but this was 
assessedd in 3 studies only. Two studies-"-*3 excluded patients with appendicitis 
ass causative focus of peritonitis, whereas Koperna et al. excluded patients with 
primary,, pancreatic or traumatic peritonitis.'K In 3 studies no well-described 
definitionn was obtained for the ROD strategy. The time interval between index 
operationn and relaparotomy in the PR group in the various studies ranged from 
244 hours to 3 days. 

Design Design 

Assessmentt of the allocation of the treatment strategy showed that there were 
noo randomised studies included in this meta-analysis {Table 2). Timing of allo-
cationn for the treatment strategy was at time of the index operation in all but 
onee study (unclear). When the decision for a particular treatment strategy was 
madee at the index operation, 2 studies reported explicit clinical criteria for the 
choicee of treatment strategy and in 2 studies allocation was performed by sur-
geonn (1 study) or by institute (1 study). In the majority of studies no details on 
thee used allocation criteria were provided. Data collection was performed retro-
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spectivelyy in 3 studies, prospectively in 3 studies or secondary prospectively in 

22 studies. Adjustment for difference in prognosis was performed by exclusion 

off  subgroups in 2 studies and stratified analysis, statistical modelling and by 

designn through matching each in 1 study. In 3 studies, no adjustment for prog-

nosiss was performed. 

Mortality Mortality 

Mortalityy was expressed as in-hospital mortality in all studies. Median mortality 

inn the 8 studies for the PR strategy was 32.5% (21-77%) and for the ROD strategy 

22.0%% (12-89%). The relative risk of both treatment strategies in individual stud-

iess ranged from 6 to 78%. The test for heterogeneity of the included studies (Chi-

squaree = 40.7; P < 0.01) was highly significant. Effectiveness of both treatment 

strategiess as measured by the in-hospital mortality resulted in a pooled OR of 

0.700 in favour of the ROD strategy, but with a large 95% confidence interval rang-

ingg from 0.27 to 1.80 (P = 0.5) [Hg. 2) using the random effects model. 

Stratifiedd analysis showed that the 5 prospective studies-^-*;i- revealed an 

ORR of 0.52 (95% C.I. 0.27-1.00; P = 0.05). The 4 studies^0 Jy published from 1995 

onwardss showed an OR of 0.21 (95% C.I. 0.09-0.53: P < 0.001). All other stratified 

analysess revealed no significant results. 

AlternativeAlternative endpoints 

Thee available data on secondary outcome measures in the individual studies 

weree scarce. Only for alternative endpoints such as the multiple organ fail-

Figuree 2. 
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uree (MOF), infectious complications, number of relaparotomies, duration of 
mechanicall  ventilation, intensive care unit stay and hospital stay some data 
couldd be distracted. For MOF, both Penninckx et alm and Wittmann et aV2 

foundd a lower mortality for patients with MOF in the PR group as compared to 
patientss with MOF in the ROD group. Hau et a\.17 described a significantly lower 
incidencee of MOF in the ROD group compared to the PR group (resp. 24 versus 
50%,, P = 0.01), as well as less infectious complications in the ROD group (39.5% 
versuss 69.4% in the PR group P = 0.01). In the PR group patients underwent a 
meann 2.91 relaparotomies per patient, whereas in the ROD group this was 0.53 
relaparotomiess per patient. Data on duration of mechanical ventilation, ICU 
stayy and infectious complications were provided in insufficient detail for com-
parisonn of both treatment strategies; one study-5 showed a shorter hospital stay 
forr the ROD strategy as compared to the PR strategy (38+25 versus 8 days, 
respectively). . 

DISCUSSION N 

Thiss meta-analysis showed that the pooled OR of the in-hospital mortality, is in 
favourr of patients with secondary peritonitis treated by the on demand strategy. 
However,, this advantage of the on demand strategy over the planned strategy 
wass not significant due to the heterogeneity of the included studies. Stratified 
analysiss showed that the combined OR for the prospective studies as well as for 
thee studies published from 1995 onwards was significantly in favour of the ROD 
strategy,, albeit in a subgroup analysis. 

AA meta-analysis of observational studies is a method of assessing efficacy 
off  a particular treatment. As opposed to randomised clinical trials, the meth-
odologicall  design of observational studies lack randomisation, resulting in 
heterogeneityy of patient population, design and outcome.! ! i f Therefore, one 
shouldd attend to the effects of confounding and publication bias when perform-
ingg a meta-analysis of observational studies.i4!f 5 A non-randomised allocation 
off  patients implicates that surgeons prefer a treatment strategy, because they 
thinkk or believe a certain patient needs that particular treatment, thereby mix-
ingg prognosis with treatment decisions. The amount of evidence generated by 
thesee studies was limited because of their limited size, their non-randomised 
allocation,, and the substantial differences between studies in the components 
off  the on demand strategy. Because of the non-randomised allocation in these 
studies,, there is a high risk that treatment decisions are related to prognosis 
(confoundingg by indicat ion)/ '7 Statistical adjustment for important prognostic 
factorss requires sufficiently large studies and sufficiently detailed publication 
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^^ of data. In general, the 8 available studies lacked details to perform such an 

f:: adjustment. 

11 The chi square test for heterogeneity indeed showed a significant hetero-

JJ geneity between included studies. Variation in study design, allocation of the 

22 intervention and used definitions of treatment strategies potentially leads to 

"Z"Z heterogeneity on study level. Analysis of patient characteristics showed that 

.££ only for the severity of the disease, as expressed by various scoring systems, a 

|| possible disadvantage for patients in the PR group was found. Other patient 

~~ characteristics were equally distributed, but it needs to be emphasised that 

== lack of data in the individual studies made sufficient retrieval for cumulative 

E££ analysis difficult . To correct for heterogeneity the random effects model was 

|| deployed to calculate the pooled OR. This model assumes a different underlying 

== effect for each study, taking this into account as an additional source of varia-

tion.. J*  Calculation of the pooled OR using the fixed effects model in such cases 

wouldd result in a artificially narrow 95% C.I., whereas the random effects model 

givess a more realistic confidence interval. 

Ninee studies containing potentially useful data on either the PR or the ROD 

strategyy were omitted from the meta-analysis, because they addressed one treat-

mentt strategy only. Separate analysis of these studies showed a average mortality 

ratee of 29.4% (range 23-44%) for the 8 studies addressing the PR strategy16,S2i and 

aa 14% mortality rate for the study addressing the ROD strategy.iA Formally, these 

studiess were not part of the meta-analysis and one should be cautious draw-

ingg conclusions from these mortality rates. Uniformity of patient groups, study 

design,, treatment nor potential adverse outcome were taken into account. 

Theree is an evident lack of sensitivity and specificity of Medline searches in 

general,, potentially causing selection bias." To reduce this lacuna in our search 

off  the literature, we performed a systematic search retrieving multiple language 

articles,, and a cross-reference search of eligible publications. It is known, that 

studiess with negative results are less likely to be published3*' 4" and as a conse-

quencee actual differences in surgical treatment strategies for peritonitis may 

bee smaller than calculated by accumulation of published data. Furthermore, in 

analysiss of the included studies, the Meta-analysis Of Observational Studies in 

Epidemiologyy (MOOSE) checklist was used. It is the equivalent of the QUORUM 

statementt in meta-analysis of randomised clinical trials, and gives authors a 

guidelinee in reporting results of meta-analysis with the intention of quality 

improvement.111 " 

Onee has to bear in mind that the studies available for meta-analysis are 

off  relatively low methodological quality, consisting of level II to IV evidence. 

However,, apparently, surgical management of secondary peritonitis is founded 

onn low level evidence. This is emphasised by the lack of detailed data on alterna-



tivee endpoints in the individual studies. The present meta-analysis reviews the 
bestt available evidence. 

Decisionn making in both in the PR and the ROD policy in patients with sec-
ondaryy peritonitis remains non evidence-based and largely based on a 'gut-feel-
ing'.. A PR strategy is frequently utilised when the source of infection is not 
eliminatedd at the time of the index operation or with certain types of contami-
nationn and etiological factors such as faecal contamination or ischemia. In the 
RODD strategy, clinical deterioration or lack of improvement is monitored by clin-
icall  parameters, quantitative measurement of changes in organ functions, and 
contrast-enhancedd CT imaging. When adhering to a more conservative strategy 
ass the on demand strategy, frequent CT imaging to explore the possibility of 
subsequentt percutaneous interventions and to direct surgical reinterventions 
mayy be beneficial.4-41 Furthermore, the success of the ROD policy may depend 
largelyy on strict definition and validation of relaparotomy criteria. 

InIn our search for studies comparing the PR and ROD strategy no randomised 
controlledd trial was retrieved, although in a separate search for review articles 
onn relaparotomies in abdominal sepsis--4,5*1"22-44"61 -6''64 numerous studies have long 
emphasisedd the need for such a trial.8596566 There is a strong need for a well-
designed,, sufficiently large, randomised trial in clearly defined patient groups 
too resolve the uncertainty about the best surgical strategy in patients with 
abdominall  sepsis. Such a multi-centre, randomised trial is currently performed 
inn The Netherlands. 
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ABSTRACT T 

Background Background 
Plannedd relaparotomy (PR) and relaparotomy on demand (ROD) are two fre-
quentlyy deployed surgical treatment strategies in secondary peritonitis. To date, 
strategyy choice is based on small series that lack sufficient detail and long-term 
follow-up.. Our aim was to evaluate mortality, morbidity and in particular long-
termm outcome of a planned relaparotomy versus a relaparotomy on demand 
strategyy in patients with secondary peritonitis in an university hospital. 

Methods Methods 
AA retrospective study was performed of 278 consecutive patients undergoing an 
emergencyy laparotomy for secondary peritonitis from January 1994 to January 
2000.. Treatment-related outcome was analysed based upon the decision made 
byy the surgeon during the first operation whether to perform either a ROD 
(n=197)) or a PR (n=81) strategy. 

Results s 
Thee APACHE II score as measure for the severity of disease was comparable in 
bothh treatment groups (ROD vs PR: 10.8 vs 11.7; P = 0.222). In-hospital mortality 
wass reduced significantly in the ROD group as compared to the PR group (21.8 
vss 35.8%; P = 0.016). The difference was predominantly clear in patients with a 
Mannheimm Peritonitis Index >25. Two-year survival was 65.8%  3.4 for the ROD 
groupp and 55.5%  5.5 for the PR group (Cox proportional survival, P = 0.031). 
Overall,, 1.6 significant complications per patient were seen in the ROD group 
comparedd with 2.0 in the PR group (P = 0.021). 

Conclusions Conclusions 
InIn this study there was a higher in-hospital and long-term survival rate accord-
ingg to a multivariate survival analysis in patients with secondary peritonitis 
treatedd by a relaparotomy on demand strategy than in patients with comparable 
diseasee severity treated by a planned relaparotomy strategy. Choice of treatment 
strategyy proved to be an independent predictor of survival. Although retrospec-
tivee results need to be interpreted with caution, these data favor a relaparotomy 
onn demand strategy. 



II  INTRODUCTIO N 

II  Secondary peritonitis is characterised by a high mortality rate and considerable 
|| long-term morbidity. Mortality rates have not changed dramatically over the last 
>> decade, despite the development of antibiotics and improvement of intensive 
== care support.M Surgical management of patients with intra-abdominal sepsis 

ff remains ill-defined and the preferred surgical treatment strategy of secondary 
'Z-'Z- peritonitis is still an unresolved issue. In comparable clinical situations, some 
JJ surgeons perform a planned relaparotomy (PR) every 2 to 3 days, while others 
== perform a relaparotomy only when the clinical situation of the patient deterio-
|| rates or does not improve, i.e., a relaparotomy on demand (ROD). Others favor a 
££ PR strategy in selected cases such as patients with fecal peritonitis. 
.gg PR and its modifications 'staged abdominal repair' and 'etappenlavage' 

JJ evolved in the 1980's based on findings that once multiple organ failure devel-
oped,, relaparotomy may be futile.5 The rationale for this policy is to anticipate 
thee formation of infectious collections and to preclude their systemic effects.''7 

Somee authors consider it as the cornerstone of aggressive management of peri-
tonitis/**  Relaparotomies are carried out every other day under general anesthe-
siaa in the operating room or in the intensive care, irrespective of changes in the 
patient'ss clinical condition. Opponents of PR argue that performing multiple 
relaparotomiess for peritoneal lavage does not change the course of disease and 
mayy even be harmful due to the increased risk of complications.910 Of the avail-
ablee surgical policies, PR has gained much popularity for severe peritonitis even 
withoutt substantial data to corroborate that a reduction in mortality may be 
accomplished. . 

Thee concept of relaparotomy on demand is both old and new. From a his-
toricall  viewpoint, 'wait and see' is what surgeons used at the beginning of the 
20El'' century. Later, this type of management was termed conventional manage-
ment.. In 1995, Hau ft ah cautioned surgeons to use PR, because postoperative 
multiplee organ failure was found more frequent in patients treated with PR 
thann in those treated with an on demand strategy.10 Nowadays, in the ROD strat-
egy,, selection of patients who may benefit from relaparotomy seems possible 
byy improved imaging techniques. Opponents of ROD argue that a wait-and-see 
strategyy introduces a delay harboring the risk that the patient reaches a point of 
noo return during the cascade of generalised inflammatory responses.u 

Studiess comparing the PR and ROD strategy are non-randomised and yield 
contradictoryy results.11"7 A meta-analysis of these observational studies showed 
aa non-significant reduction in mortality for the ROD strategy compared to the 
PRR strategy.11*  Long-term follow-up results have not been published yet. Moreover, 
publishedd data comparing survival outcome of surgical treatment strategies in 
peritonitiss often lack detailed data on morbidity outcome. To gain insight into 
thee outcome of both treatment strategies and to elucidate the current treat-
mentt dilemma, a large series of consecutive patients with secondary peritonitis 



inn a tertiary referral hospital were analysed in detail. A retrospective compari-
sonn oflong-term mortality and morbidity was made between patients treated by 
plannedd relaparotomy and those treated by a relaparotomy on demand policy. 

PATIENT SS AND METHODS 
PatkntPatknt Selection 
AA retrospective analysis was performed of 278 consecutive patients requiring 
ann emergency laparotomy for secondary peritonitis between January 1994 and 
Januaryy 2000 at the Academic Medical Center, Amsterdam. During this period, 
theree was no change in the department policy towards surgical treatment of 
secondaryy peritonitis and no major changes in the surgical senior staff. Patients 
weree identified by a broad computer-assisted search of hospital databases per-
formedd by 2 authors. One database containing all hospital data of admitted 
patientss was searched via operation codes. Another database comprised patient 
dischargee diagnosis and complications, using the International Classification 
off  Diseases, 9"' version. Clinical Modification (ICD-9-CM).1*  This database was 
searchedd using ICD-9-CM codes 567.2 (sepsis), 567.8 and 567.9 (peritonitis), 
569.833 (intestinal perforation) and related codes and 997.4 (gastrointestinal 
complications}.. Combining the searches of both databases and a hand-search of 
alll  computer-identified patients yielded a list of all patients with peritonitis in 
thatt time period. Operation and patient records of the identified patients were 
retrieved. . 

InIn this series, patients were included with secondary peritonitis requiring an 
emergencyy laparotomy. Secondary peritonitis was defined as an intra-abdomi-
nall  infection caused by perforation, infection, ischemia or necrosis of part of 
thee digestive tract or visceral organ, or due to a postoperative complication. The 
diagnosiss of peritonitis needed to be confirmed at time of surgery. Excluded were 
patientss younger than 18 or older than 90 years, patients with CAPD peritonitis, 
andd patients with an index operation for peritonitis performed in another hos-
pitall  and subsequently transferred to our hospital. All patients initiall y received 
empiricall  antibiotic treatment according to hospital protocol (amoxicillin 4 x1 
gram,, gentamycin 4 mg/kg and metronidazole 3 x 500 mg). Anti-fungal therapy 
wass not routinely administered in our patients. In patients with abdominal 
culturee results indicating Candida infection anti-fungal therapy was initiated. 
Patientss were divided into two treatment groups (PR and ROD), based upon the 
decisionn made by the staff surgeon during the index laparotomy whether or not 
too perform a subsequent relaparotomy. 

DataData Collection 
Dataa were collected from patient records, operation reports, hospital database 
andd patients' general practitioner using a data collection form and entered into 



^^ a database. Data entry was checked independently by two other authors. The 
J'' following variables were collected: gender, date of birth, date of hospital admis-
11 sion, acute physiology and chronic health evaluation (APACHE II) score20 prior 
JJ to operation, Mannheim Peritonitis Index (MPI) scored pre-existing (chronic) 
^^ co-morbidity, date and indication of operation, choice of planned or on demand 
|| strategy made during index laparotomy (systematically registered in the opera-
~~ tion report and/or patient records), origin and etiology of peritonitis, type and 
'f-- extent of contamination, closure of the abdomen, duration of mechanical venti-
|| lation and ICU stay, complications, date of death, and date of hospital discharge 
cc when appropriate. Mortality during follow-up was defined as all-cause mortal-

II  ity-
££ Pre-existing co-morbidity consisted of the following seven groups: cardiac 
|| (angina pectoris, arrhythmia, myocardial infarction, coronary artery percutane-
== ous dilatation, coronary artery bypass graft), respiratory (emphysema, chronic 

obstructivee pulmonary disease), renal (renal failure, dialysis), hepatic (cirrhosis, 
hepatitis),, gastrointestinal (Crohn's disease, ulcerative colitis), diabetes (insulin-
dependent,, non-insulin-dependent) and malignancy. The index operation was 
definedd as the initial laparotomy of a patient for secondary peritonitis. APACHE 
III  scores were calculated, but with exclusion of the Glasgow Coma Score being 
unreliablee in retrospective data collection. PR was defined as the decision made 
duringg the index laparotomy to perform one or more relaparotomies every other 
dayy until no macroscopic residual infection (or other pathology) was found at 
thee beginning of the last relaparotomy. ROD was defined as the decision made 
byy the staff surgeon during the index laparotomy not to perform a relaparotomy 
unlesss the clinical condition of the patient failed to improve or deteriorated. 
Thee surgeon's decision to perform a PR or ROD strategy was retrieved from the 
operationn report of the index operation, postoperative orders in the patient 
recordss and from the operation report of a relaparotomy. The extent of perito-
nitiss was scored as diffuse when the report mentioned contamination of two or 
moree quadrants. Postoperative peritonitis was defined as peritonitis due to com-
plicationss of previous abdominal surgery for noninfectious reasons. Abdominal 
closuree by a prosthetic device only, without skin closure, was considered to be 
ann open abdomen. Major surgery-related and sepsis-related complications were 
scored.. Incisional hernia was defined as a discontinuity in the abdominal wall 
withh bulging of abdominal content. Intra-abdominal abscess was defined as a pus 
containingg non-preexisting cavity within the abdomen confirmed by a positive 
culture.. Abdominal fistula was defined as a non-anatomical connection between 
intestinee and the cutis or between two hollow structures. Hemorrhage was 
definedd as a persistent decrease in hemoglobin despite replacement. Perforation 
wass defined as a perforation of a hollow visceral organ. Anastomotic leakage was 
definedd as a leak on contrast imaging or confirmed at relaparotomy. Pneumonia 
wass diagnosed when a pathogen from sputum culture was isolated and a new or 
progressivee infiltrate on chest X-ray was found. Renal failure was defined as urine 
productionn less than 500 cc in 24 hours with rising levels of blood urea. Multiple 



Organn Failure (MOF) was defined as 3 or more organ systems failing on more than 
22 consecutive days. Disseminated intravascular coagulation (DIC) was defined as 
aa stimulated and non-compensated hemorrhagic state. Line sepsis was defined 
ass infection of a central catheter confirmed by a positive blood culture. Hepatic 
failuree was defined as total serum bilirubin > 34 umol/1 and doubling of normal 
serumm concentrations of transaminases. Re-admissions for complications, recur-
rencee of peritonitis or corrective surgery related to the previous laparotomies 
duringg the initial hospital stay were assessed using the specific patient identifi-
cationn number. 

StatisticalStatistical Analysis 
AA comparison of outcome was performed between the two treatment groups {PR 
versuss ROD). Primary outcome measure was survival rate; secondary outcome 
measuress were (surgery- and sepsis-related) complications. 

Too determine differences between groups, the chi-square test, two-tailed 
Fisherr exact test, and Mann-Whitney test were used when appropriate. P < 0.050 
wass considered statistically significant. Absolute risk reduction, relative risk 
reductionn and numbers needed to treat calculations were made according to 
thee recommendations of the Center of Evidence Based Medicine (Oxford, United 
Kingdom).. Univariate analyses of survival were carried out by the method of 
Kaplan-Meier*-- and compared with the use of the logrank test. The Cox propor-
tionall  hazard-model was used to calculate hazard ratios and 95% confidence 
intervals.-1'' A model obtained with step-down variable selection in which all 
prognosticc factors with univariate P < 0.1 were initiall y entered into the model. 
Al ll  factors were treated as simple categorical variables. Survival curves were 
obtainedd using the Cox proportional hazards-model, depicted as Kaplan-Meier 
univariatee survival curves or as proportional survival curves. Statistical analyses 
weree performed using SPSS (version 9.0) for Windows (Chicago, IL, USA). 

RESULTS S 

Patients Patients 
Twoo hundred seventy-eight patients were treated for secondary peritonitis in 
thee period from January 1994 to January 2000. A total of 197 patients (70.9%) 
underwentt a ROD strategy, 81 patients (29.1%) underwent a PR strategy. A total 
off  170 (61.2%) patients underwent at least one or more relaparotomies; 89 (45.2%) 
patientss in the ROD-relap group and all patients in the PR group. Patient charac-
teristicss for both treatment groups, as depicted in Table I, were equally distribut-
edd among both groups, except for the distribution of postoperative peritonitis. 
Overall,, almost half of the patients had a peritonitis caused by a postoperative 
complication.. Importantly, the severity of disease as expressed by APACHE II 
scoree was comparable between ROD and PR treatment groups. MPI scores were 
slightlyy lower in the ROD group as compared to the PR group, but this failed to 



Tablee 1. Patient characteristics 

Meann age (yr) 

Agee > 65 yrs 

Genderr (male) 

APACHOO 11 score 

MP!!  score* 
Co-morbidi tyy >1 categor ies 

Cardiac c 
Respiratory y 

Renal l 

Gast ro in test inal l 

Hepat ic c 

Diabetes s 

Mal ignancy y 

Postoperat ivee per i ton i t is 

Overall l 
(NN = 278) 

56.9++ 16.1 
988 (353%) 

157(56.5%) ) 

11.11 7 

24.11  7.5 

192(69.1%) ) 

50(18.0%} } 
277 (9.7%) 

255 (9.0%) 

36(12.9%) ) 

88 (2.9%) 

177 (6.1%) 

97(34.9%) ) 
126(45.3%) ) 

ROD D 

(NN = 197) 

56.22  16.0 
67(34.0%)31 1 

113(57.4%) ) 

10.88  5.8 

23.66  7.5 

135(68.5%] ] 

32(16.2%) ) 

199 (9.6%) 

155 (7.6%) 

29(14.7%) ) 

66 (3.0%) 

144 (7.1%) 

688 (34.5%) 
102151.8%) ) 

PR R 

<NN = 81) 

58.55 + 16.4 

(38.3%) ) 

44(54.3%) ) 
11.77 5 

25.55  7.6 

57(70.4%) ) 

188 (22.2%) 

88 (9.9%| 

10(12.3%) ) 

77 (8.6%) 
22 (2.5%) 

33 (3.7%) 
29(35.8%) ) 

244 (29.6%) 

l'l'  value 

0.279 9 

0.501 1 

0.646 6 
0.222 2 

0.062 2 
0.889 9 

0.001 1 

ValuesValues are expressed as mean  S.D. or S (%). ROD: relaparotomy mi demand. PR: planned relaparotomy. 

'' Ml'l:  Mannheim peritonitis index, f Fisher exact lest or Chi-square test. 

reachh statistical significance. For patients with postoperative peritonitis, both 
thee APACHE II (10.3 vs. 13.0; P = 0.026) and MPI scores (23.7 vs. 28.5; P = 0.003) 
weree significantly higher in the PR group as compared to the ROD group. 

Surgery Surgery 
Operativee characteristics during the index laparotomy are listed in Table 2. 
Overall,, anatomical origin of peritonitis, type and extent of abdominal contam-
inationn were not significantly different among both treatment groups. Colon 
andd small bowel accounted for the primary focus of peritonitis in 62.3% of 
patients.. With the exception of ischemia and bile leakage the etiological causes 
off  peritonitis were not significantly different among the PR and ROD groups. The 
majorityy of patients had a diffuse contamination. The extent of contamination 
wass not significantly different among groups, although a higher percentage of 
diffusee contamination was seen in the PR group. Contamination was mainly 
turbid,, fecal or purulent. The percentage of fecal contamination was not sig-
nificantlyy different between groups. Comparison of the percentage of patients 
undergoingg drainage only or surgical procedures with drainage revealed no 
significantt differences between both treatment groups. Further analysis of the 
typess of intervention showed that resection with enterostomy was performed 
lesss frequently in the ROD group (19.8%) than in the PR group (34.6%), P= 0.013, 
whereass closure of a perforation was performed less frequently in the PR group 
(9.9%)) as compared to the ROD group (19.3%), P = 0.075. 

Inn ROD patients undergoing a resection with enterostomy, the majority of 
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Tablee 2. Operation characteristics durin g index laparotomy s 

Overalll  ROD PR P va lue t 

nn <%> n (%) n (%) 

Origin n 

Colon n 

Smalll  bowel 

Pancreas s 
Appendix x 

Galll  b ladder 

Duodenum m 
Stomach h 
Rectum m 
Other r 

Ktiology y 
Perforation n 
Anastomoticc leakage 
Ischemia a 
Pancreatitis s 
Bilee leakage 
Abscesses s 
Other r 

Typee of contamination 
Turbid d 
Fecal l 
Purulent t 
Clear r 
None e 

Extentt of contamination 
Diffuse e 
Focal l 
None e 

Intervention n 
Drainagee only 
Surgicall  procedures 

andd drainage 

1055 (37.8%) 
688 (24.5%) 
28(10.0%) ) 
100 13.6%) 
133 (4.7%) 
144 (5,0%) 
99 (3.2%) 
4(1.4%) ) 
277 (9.7%) 

129(46.4%| | 
644 (23.0%) 
17(6.1%) ) 
166 (5.8%) 
166 (5.8%) 
222 (7.9%) 
144 (5.0%) 

988 (35.3%) 
88(31,7%) ) 
722 (25.9%) 
5(1.8%) ) 
15(5.4%) ) 

177(63.7%) ) 
866 (30.9%) 
155 (5.4%) 

66(23.7%) ) 

212(76.3%) ) 

688 (34.5%) 
499 (24.9%) 
20(10.2%) ) 
44 (2.0%) 
10(5.1%) ) 
111 (5.6%) 
8(4.1%} } 
3(1.5%) ) 
24(12.2%) ) 

85(43.1%) ) 
500 (25.4%) 
66 (3.0%) 
10(5.1%) ) 
16(8.1%) ) 
177 (8.6%) 
133 (6.6%) 

78(39.6%) ) 
60(30.5%) ) 
466 (23.4%) 
3(1.5%) ) 
100 (5.1%) 

118(59.9%) ) 
699 (35.0%) 
100 (5.1%) 

500 (25.4%) 

1477 (74.6%) 

37(45.7%) ) 
19(23.5%) ) 
88 (9.9%) 
66 (7.4%) 
33 (3.7%) 
33 (3.7%) 
11 (1.2%) 
11 (1.2%) 
33 (3.7%) 

444 (54.3%) 
144 (17.3%) 
111 (13.6%) 
66 (7.4%) 
0 0 
5(6.2%) ) 
11 (1.2%) 

200 (24.7%) 
288 (34.6%) 
26(32.1%) ) 
22 (2.5%) 
55 (6.2%) 

599 (72.8%) 
17(21.0%) ) 
55 (6.2%) 

16(19.8%) ) 

655 (80.2%) 

ROD:ROD: relaparotomy on demand. 1'R: planned relaparotomy, i Mann-Wltitney U test. 

peritonitiss originated from the colon (82.1%), predominantly with a diffuse 
(61.5%)) and fecal (43.6%) contamination. Compared to the ROD group, fewer PR 
patientss underwent a resection with enterostomy for peritonitis of colonic ori-
ginn (67.9%), but with a larger proportion of diffuse (85.7%) and fecal (60.7%) con-
tamination.. In patients undergoing closure of a perforation, operative charac-
teristicss such as site of origin, etiology, extent and type of contamination were 
comparablee between planned and on demand treated patients. The abdominal 
walll  was closed in most patients (88.4%) during the first laparotomy, but less 
frequentt in PR patients (76.5%) than in ROD patients (93.4%, P< 0.001). 

Patientss in the PR group underwent an average of 1.32 relaparotomies per 

0.522 2 

0.054 4 

0.071 1 

0.060 0 

0.736 6 



patient,, which was significantly more than the 0.93 relaparotomies per patient 
inn the ROD group (P < 0.001). Importantly, 54.8% of the ROD patients did not 
undergoo a relaparotomy. Duration of ICU stay was significantly longer in the PR 
groupp than in the ROD group, whereas duration of mechanical ventilation and 
hospitall  stay were not significantly different between both groups (Table 3A\. 

Mortality Mortality 
Overalll  in-hospital mortality was 25.9% (Table 3A). In the ROD group, mortality 
wass significantly lower compared to the PR group (21.8 vs. 35.8%; P = 0.016). The 
absolutee risk reduction (ARR) of 14% (95% CI 5-29) and relative risk reduction of 
39%% translated into a number needed to treat (NNT) of 7 (95% CI 4-50J. The 0.5-, 
1-- and 2-year survival rates and survival rates for the PR and ROD strategy are 
shownn in Table 5. 

Forr low, medium and high severity of disease, as defined by categorizing 
APACHEE II scores in 0-10, 11-20 and > 20 points, mortality rates were 14.2%, 
33.3%% and 65.0%, respectively. For the APACHE II category > 20 points, an 11-fold 
increasedd risk of death was found in comparison to the APACHE II category of 
0-100 points. Patients with a MPI score > 25 and treated by the ROD strategy had 
aa higher survival rate as compared to patients treated by the PR strategy, albeit 
nott significant (Figure 1). For patients with a MPI score < 25 there was no differ-
encee in survival outcome. 

Forr the 170 patients who underwent 1 or more relaparotomies, the mortality 
ratess were 30.3% in the ROD-relap group and 35.8% in the PR group (P - 0.450), 
withh comparable mean APACHE II scores of 11.8 and 11.7 (P = 0.705), and mean 
MPII  scores of 23.9 and 25.5 respectively (P = 0.172). Patients in the ROD group not 
requiringg a relaparotomy had a mortality rate of 14.8%. In patients undergoing 
2,, 3,4 or > 5 relaparotomies, mortality was respectively 34.9%, 31.5%, 25.0% and 
54.5%.. For all these subgroups with frequent relaparotomies, there were no sig-
nificantt differences between mortality in the PR and the ROD group. 

Mortalityy rates of various subgroups of patients are listed in Table 3B. The 
majorityy of subgroups showed a lower mortality rate for the ROD strategy, 

Tablee 3A. Primary outcome measures 

ICUU stay (days| 

Mechanicall  vent i la t ion (days) 

Hospitall  stay (days) 

Hospitall  mor ta l i ty (%i 

Overall l 

N-278 8 

14.3 3 

11.4 4 

50.3 3 

25.9% % 

ROD D 

N=197 7 

12.6 6 

10.3 3 

49.5 5 

21.8,(.. . 

PR R 

N=81 1 

17.8 8 
13.9 9 

52.0 0 
35.8% % 

1'1' va lue t 

0.037 7 

0.069 9 

0.256 6 

0.016 6 

ROD:ROD: ivltipiinifrmi y mi demand. PR: planned rdapanmmy. f MiMin-Whi(rn.'y !.' tat. ICU: j'nk'nsiw aire inn'!. 



Figuree 1. Kaplan-Meier  survival curve in MPI-score subgroups according to 

treatmentt  strategy 

Figuree 1A 

PP = 0.057 

ROD D 

PR R 

00 1 2 3 * 5 6 7 

follov*'Upp (years) 

RODD 94 57 49 38 3:1 

PRR 46 22 18 16 13 

Figuree l.B 

PP = 0.728 

ROD D 

PR R 

Ron n 

PR R 

follow-upp (yeais) 

Kaplan-MeierKaplan-Meier survival curve for MP/ scores > 25 (Fig. IA; P = 0.057) and MPl scores < 25 (Fig. IB; P = 
0.728)0.728) for the ROD and PR strategy. The numbers refer to the number of patients at risk at 12-month 
intervals.intervals. Sec page 161 for colour illustrations. 
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althoughh in subgroup analysis with smaller numbers only significant for diffuse 
contamination,, fecal contamination, colonic origin and fecal contamination of 
colonicc origin. Assessment of mortality rate per focus of peritonitis in relation 
too treatment strategy showed a significantly lower mortality rate for the ROD 
groupp for peritonitis originating from the colon {P = 0.018}  (Table 3B), APACHE 
III  scores were comparable between these groups. In patients with peritonitis 
originatingg from the stomach/duodenum or the pancreas/gall bladder region, a 
non-significantt higher mortality was found when patients were treated by the 
RODD strategy. 

Overalll  mortality of postoperative peritonitis was 22.2%, which did not dif-
ferr significantly from mortality of other causes of peritonitis (28.9%, P = 0.218). 
InIn the patients with postoperative peritonitis and an MPI score > 25, mortality 
wass higher in the PR treated patients than in the ROD treated patients (45.0% 
vs.. 18.4%; CI 2.3-51.0). 

Complications Complications 
Overall,, 1.6 complications per patient were seen in the ROD group compared 
withh 2.0 in the PR group (P = 0.021). Surgery-related complications occurred 

Tablee 3B. Mortalit y rates for  subgroups 

Diffusee con tam ina t i on 

Fecall  con tam ina t i on ' 

Colonicc or ig in 

Smalll  in test ine 

Fecall  and diffuse 

con tam ina t i on n 

Ischemia a 

Postoperat ivee per i ton i t is 

Originn of per i ton i t is 

Stomach// d u o d e n um 

Pancreas// gall b ladder 
Rectum m 

Appendix x 

Colon n 

Smalll  bowel 

Mortal i t y y 
ROD D 

n/NN (%> 

25/118(21.2%) ) 

8/48 8 

5/30 0 

3/18 8 

7/32 2 

3/6 6 

19/102(18.6%) ) 

8/19 9 

8/30 0 

0/3 3 

0/4 4 

12/68 8 

11/49 9 

Mortalit y y 
PR R 

n/N(%) ) 

21/59(35.6%) ) 

12/26 6 

10/22 2 

2/4 4 

11/24 4 

6/11 1 

9/24(37.5%| | 

1/4 4 

1/11 1 

0/1 1 
2/6 6 

15/37 7 

8/19 9 

Absolutee risk 
difference e 

(95%% CI) 

14.4%% (0.1 -28.7) 

29.5%% (7.6-51.4) 

28.8%% (4.1 -53.5] 

33.3%% (-18.6-85.3) 

23.9%% (-0.5 -48.5) 

4.5%% M5.1 -54.2) 

18.9%% (4.9-39.7) 

-17.1%% 1-30.8-65.0] 

-16.9%% (-5.6-40.8) 

0% % 

33.3%% (-71.1 -4.4) 

22.9%% (4.7-41.1] 

19.7%% (-44.7-5.4) 

ROD:: relaparotomy on demand. PR: planned relaparotomy. CI; confidence interval. ' Not including 
rectumm and appendix. 



Tablee 4. Surgery- and sepsis-related complications 

SURGERY-RELATE D D 
Overall l 
Incisionall  hern ia 

Abdominall  abscess 
Abdominall  fistula 

Hemor rhage e 
Perforation n 
Anastomot icc leakage 

SEPSIS-RELATED D 
Overall l 
Pneumon ia a 
Renall  fai lure 

Re-intubation n 
MOF F 
D1C C 

Linee sepsis 
Hepat icc fai lure 

Overall l 
N=278 8 

nn (%) 

133(47.8%} } 
722 (25.9%) 
511 (18.3%) 
277 (9.7%) 

144 (5.0%) 
12(4.3%} } 
12(4.3%) ) 

134(48.2%) ) 
622 (22.3%) 

35(12.6%} } 
34(12.2%) ) 

266 (9.4%) 
199 (6.8%) 
166 (5.8%) 
3(1.1%) ) 

ROD D 
N=197 7 

nn (%) 

85(43.1%) ) 

411 (20.8%) 
411 (20.8%) 
199 (9.6%) 
99 (4.6%) 
10(5.1%) ) 

12(6.1%} } 

911 (46.2%) 

37(18.8%) ) 
211 (10.7%) 

22(11.2%) ) 
18(9.1%) ) 
10(5.1%) ) 

10(5.1%) ) 
22 (1.0%) 

PR R 
N=81 1 

nn (%) 

488 (59.3%) 
311 (38.3%) 
10(12.3%) ) 
88 (9.9%) 
55 (6.2%) 

22 (2.5%) 
0 0 

43(53.1%) ) 

255 (30.9%) 
14(17.3%) ) 
122 (14.8%) 
88 (9.9%) 
9(11.1%) ) 
66 (7.4%) 
11 (1.2%) 

PP value t 

0.015 5 
0.003 3 
0.098 8 

0.953 3 
0.579 9 

0.332 2 
0.023 3 

0.297 7 

0.028 8 

0.131 1 
0.400 0 

0.848 8 
0.070 0 

0.449 9 
0.872 2 

ROD:ROD: relaparotomy on demand. PR: planned relaparotomy. MOF: multiple organ failure. DIC: dis-
seminatedseminated intravascular coagulation, t Mann-Wliitney U test. 

moree frequently in the ROD group than in the PR group (Table 4). In survivors 
(n=206),, fewer patients of the ROD group needed to undergo elective surgery to 
correctt disease- or surgery-related complications (ARR 26% [11-41]). Incisional 
herniaa was found more frequent in the PR group than in the ROD group (P = 
0.003),, whereas anastomotic leakage occurred more frequent in ROD patients 
(122 patients) during follow-up. In patients with primary abdominal wall closure 
att the index operation, 18.0%» of ROD patients had an incisional hernia com-
paredd to 32.3%) of PR patients (P = 0.019). In patients with abdominal closure 
upp to the last (relaparotomy, there was no difference in incidence of incisional 
herniaa between ROD and PR treated patients (8.5% vs. 9.1%). The incidence of 
sepsis-relatedd complications, although overall related to survival outcome in 
univariatee analysis (Table 5), was not different between both groups. However, 
pneumoniaa was found more often in patients in the PR group. Surgery- and 
sepsis-relatedd complications are listed in Tabic 4. 

PrognosticPrognostic Factors for Survival 
Inn univariate analysis, APACHE II category, MPI score, treatment strategy, ICU 
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stay,, mechanical ventilation, number of complications, and presence of sepsis-
relatedd complications as well as the patient characteristics age and co-morbidity 
weree significantly predictive for survival {Tabic 5). Gender, origin, etiology, type 
andd extent of contamination, peritonitis due to postoperative complications, 
abdominall  closure, the number of relaparotomies and surgery-related com-
plicationss were not significantly associated with survival outcome. A Cox pro-
portionall  hazards model showed that only age > 65 years, presence of chronic 
co-morbidity,, treatment strategy, and sepsis-related complications were inde-
pendentt predictors of survival outcome (Table 6). Importantly, patients treated 
byy a ROD strategy had an decreased mortality risk (hazard ratio 0.69}  compared 
too patients treated by a PR strategy (Table 6). During a mean 3.3 (range 0-8.6) 
yearss of follow-up, patients in the ROD group showed a significant benefit in 
survivall  as compared to patients in the PR group by Cox multivariate propor-
tionall  analysis (P = 0.046; Tiguvc 2). Potential predictive factors other than these 
44 parameters were not independently associated with an increased or decreased 
riskk of death. 

DISCUSSION N 
Thee present study was conducted to evaluate the beneficial and harmful treat-
mentt results of both strategies in more detail to gain insight in the dilemma of 
treatmentt choice in secondary peritonitis. In the present series, differences in 
in-hospitall  as well as long-term mortality rates showed a benefit for the relaparo-
tomyy on demand strategy over the planned relaparotomy strategy, also reflected 

Tablee 6. Cox proportiona l hazards model of predictive factors for  survival 

Prognosticc factor  Hazard rati o (95% CI) J'-value t 

<< 0.001 

<< 0.001 

0.046 6 

<< 0.001 

ff  Cox proporthmul analvsis. PR: planned ivUipumtnmy. ROD: tvUipuroltimy on demand. CI: nmfuiaKc iiiti'rvnl . 

Age e 
<< 65 years 

>>  65 years 

Co-morbidiry y 

No o 

Yes s 

T rea tmentt strategy 

PR R 

ROD D 

Sepsis-relatedd compl ica t ions 

No o 

Yes s 

1.00 0 

2.37 7 

1.00 0 
2.70 0 

1.00 0 

0,69 9 

1.00 0 

2.48 8 

(1.65 5 

11.66--

(0.47--

11.69--

3.42) ) 

-4.39) ) 

-- 0.99) 

-- 3.63) 



Tablee 5. Univariate analysis of prognostic factors for survival 

Variable e 

Al l l 

Pat ientt  cha rac te r i s t i cs 

G e n d er r 

Agee 565 yrs 

Yes s 

No o 

Co-morb id i ty y 

<< 0.001 

11 or m o re ca tego r ies 

No o 

APACHEE II ca tego ry 

O-10 0 

11-20 0 

>20 0 

MPII  score 

>25 5 

<25 5 

Per i ton i t i ss cha rac te r i s t i cs 

andd surgery 

Or ig in n 

Et io logy y 

Pos topera t i vee p e r i t o n i t is 

Typee of c o n t a m i n a t i on 

Ex tentt of c o n t a m i n a t i on 

A b d o m i n all  c l osu re 

T r e a t m e ntt s t r a t e gy 

PR R 

ROD D 

Postopera t i vee p e r i od 

N u m b err of r e l a p a r o t o m i es 

1CUU stay 

Yes s 

No o 

Mechan icall  ven t i l a t i on 

Yes s 

No o 

N u m b err of c o m p l i c a t i o ns 

0 0 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

Surgery - re la tedd c o m p l i c a t i on 

Yes s 

No o 

Sepsis- re la tedd c o m p l i c a t i on 

Yes s 

No o 

Patients s 
(n) ) 

278 8 

98 8 

180 0 

192 2 

86 6 

141 1 

117 7 

20 0 

140 0 

138 8 

81 1 

197 7 

197 7 

81 1 

180 0 

96 6 

88 8 

62 2 

46 6 

39 9 

21 1 

15 5 

6 6 

1 1 

133 3 

145 5 

134 4 

144 4 

66 months 

<%> > 

74.44  2.6 

52.66  5.1 

86.11 6 

69.66  3.3 

84.88  3.9 

88.44 7 

63.66  4.4 

40.00 + 11.0 

63.00 + 4.1 

85.55 0 

66.77  5.2 

77.55  3.0 

67.99 + 3.3 

90.11 3 

66.55 + 3.5 

88.55 3 

86.44  3.7 

80.77  5.0 

63.00 1 

61.55 8 

57,11 + 10.8 

6 0 . 9--t 3 .7 7 

81.33 0 

79.66  4.3 

74.22 + 5.6 

58.77  7.3 

56.44  7.9 

52 .4--

64 .3++ 12.8 57.1

NA A 

NA A 

78.00  3.6 

71.00 8 

59.44 + 4.3 

88.22 7 

NA A 

NA A 

ii  10.9 

13.2 2 

71.22 + 3.9 

65.55 + 4.0 

52.66 3 

82.66  3.2 

11 year 

(%) ) 

68 .2++ 2.8 

46.44  5.1 

80.00 0 

61.33 + 3.5 

83.77 0 

79.77  3.4 

59.33 5 

4 0 . 0++ 11.0 

57.33  4.2 

79.00 5 

60.55  5.4 

71.44 2 

62.88  3.5 

81.55 3 

55.99 7 

75.00 4 

76.11 + 4 .5 

66.11 0 

54.44  7.3 

51.33 0 

52.44  10.9 

42.99  13.2 

NA A 

NA A 

62.99 2 

62.88 0 

48.11 3 

76.44  3.5 

22 years 

(%) ) 

62.88 + 2.9 

43 .33 0 

73.33  3.3 

53.99 6 

8 2 . 6 1 4 .1 1 

74.66 7 

52.55  4.6 

4 0 . 0++ 11.0 

49.33 3 

76.11  3.6 

55.55 5 

65.88  3.4 

57.77 5 

75.33 8 

PP value! 

0.469 9 

<< 0.001 

<< 0.001 

<< 0.001 

0.770 0 

0.120 0 

0.655 5 

0.911 1 

0.634 4 

0.580 0 

0.031 1 

0.339 9 

<< 0.001 

<< 0.001 

0.015 5 

0.683 3 

<<  0.001 

Factorss are grouped in patient characteristics, peritonitis-related and surgery factors, and postoperative factors. 
Survivall  is mean cumulative survival with standard error (S.L'.J. t Logrank test. AÏA: not assessed. 
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Figuree 2. Cox proportional survival for treatment strategy 

TD D 

60 0 

SD D 

3D D 

20 20 

10 0 

D D 

DD 1 2 3 i 5 6 

follow-upp (years) 

RODD 197 140 129 104 86 68 

PRR SI 49 -44 39 29 25 

long-termlong-term survival is depicted in relation to surgical treatment strategy in a Cox proportional 
hazard-model.hazard-model. The numbers refer to the number of patients at risk at 12-month intervals. ROD: 
relaparotomyrelaparotomy on demand, PR: planned relaparotomy. 

byy the NNT. Seven patients needed to be treated by the ROD strategy to prevent 
11 patient from dying. In univariate analysis, some patient characteristics, dis-
easee severity as well as several factors of the postoperative period proved to be 
off  prognostic influence on patient outcome. When discarding preoperative fac-
torss such as patient-related factors (age, co-morbidity), only surgical treatment 
strategyy and sepsis-related complications were independent prognostic factors 
forr survival in multivariate analysis. The hazard of dying during an on demand 
policyy was 69% of that during a planned policy. In our series, surgical treatment 
strategyy appeared to be important with respect to outcome in treatment of 
patientss with secondary peritonitis. Previously published multivariate analyses 
havee identified age, severity of disease and complications as prognostic factor 
forr survival, but they did not assess treatment strategy in their analysis.114-2425 

L - L _ . . 

PA A 

PP = 0.046 



Onee could argue that the surgeons choice in individual cases, being a reliable 5 
predictorr of disease severity or disease outcome and not so much the treatment È 
strategyy as an entity, correlates with outcome. Arguments against this line of < 
reasoningg are the following: (1) disease severity is comparable among groups; =L 
(2)) in similar disease scenarios both treatment strategies were equally represent- = 
ed.;; (3) it is questionable whether the group of more severely-ill patients would | 
indeedd only benefit from a planned strategy as opposed to an on demand strat- ^ 
egy;; (4) treatment strategy was an independent prognostic factor for survival. "g-
However,, selection bias is an important issue that needs to be addressed. | 

AA retrospective analysis is likely to introduce some form of selection bias £ 
orr may be influenced by a general inaccuracy in recalled information.-*  More -| 
importantly,, bias may be introduced by the factors underlying the choice of the | 
surgeonn for a particular strategy in an individual patient. However, the more
obviouss factors, such as the patient characteristics age, gender, co-morbidity 3 
andd seventy of disease (APACHE II), as well as anatomical origin of peritonitis £ 
andd intervention were analysed in this study and were comparable between both £ 
treatmentt groups. Mannheim Peritonitis Index (MPI), etiology, extent and type 3 
off  contamination were imbalanced, but failed to reach statistical significance. ,| 
Patientss with a high MPI score (MPI > 25), as measure for the severity of perito- § 
nitis,, who were treated by the ROD strategy showed a improved survival rate as 3 
comparedd to PR treated patients. For etiology of peritonitis, one could argue |_ 
thatt ischemia is a different entity, as planned relaparotomies are frequently = 
utilizedd to monitor progression of ischemia. When performing a sub-analysis 3 
inn our series of patients with exclusion of ischemia as etiological factor, the |* 
relaparotomyy on demand strategy still showed a significantly lower mortality ^ 
(20.9%)) as compared to the PR strategy (32.9%, P = 0.047). Patients with fecal con- | 
tamination,, referred to as a risk factor for adverse patient outcome and often an |: 
importantt reason to perform a planned relaparotomy, were equally distributed 
amongg both treatment groups. Important in this respect is the finding that 
patientss with fecal peritonitis who were treated by the PR strategy displayed a 
significantlyy higher mortality than similar patients with comparable APACHE II 
scoress in the ROD group (46.2% versus 16.7%, respectively). 

Afterr detailed analysis, a significant imbalance between groups was found 
onlyy for two factors: (1) postoperative complication as a cause of peritonitis, and 
(2)) performance of resection of an infectious focus with enterostomy as prima-
ryry intervention for peritonitis. Fewer patients in the PR group had peritonitis 
causedd by postoperative complications but with a higher MPI score. However, 
postoperativee peritonitis was not a factor associated with survival outcome 
inn uni- and multivariate analysis. Therefore, it is unlikely that the imbalance 
foundd for this factor explains the overall difference in mortality between the 
twoo treatment strategies. In addition, for patients with peritonitis originating 
fromm postoperative complications, severity of disease, anatomical origin, type 
off  previous surgery, and type of contamination were not significantly different. 



Whenn omitting patients with peritonitis due to postoperative peritonitis, there 
wass a persisting lower mortality for ROD treated patients (25.3%) as compared to 
PRR treated patients (35.1%), albeit not significant (P = 0.197). When performing 
aa sub-analysis with exclusion of patients undergoing a resection with enteros-
tomy,, still a lower mortality rate was found in the ROD group compared to the 
PRR group (22.2% versus 30.2%). The abdominal wall was closed less frequent in 
PRR patients than in ROD patients, which might have been affected by the deci-
sionn to perform a relaparotomy in a few days. All and all, no clear evidence was 
foundd that the survival benefit in the ROD group might be explained predomi-
nantlyy by more favorable patient- and peritonitis-characteristics. 

Onee of the claimed advantages of the PR strategy is a surgically more acces-
siblee abdomen, whereas the delay of relaparotomy in the ROD strategy may 
increasee the risk of complications during surgery in a less accessible abdo-
men.J7--88 On the other hand, frequent laparotomies can lead to more complica-
tionss such as fistula, hemorrhage and incisional hernia.2-5-9 J* *  An absolute risk 
reductionn of surgery-related complications was achieved when the ROD strategy 
wass applied as opposed to the PR strategy. This was reflected foremost in less 
incisionall  hernias in the ROD group than in the PR group, also in patients with 
primaryy abdominal closure during their peritonitis. The higher rate of anasto-
moticc leakage during follow-up in the ROD group may have been due to differ-
encess in the use of primary anastomosis between the groups. The percentage 
off  primary anastomosis and enterostomies in the PR and ROD group were 28% 
versuss 34% and 72% versus 66%, respectively. 

Hauu et al. found that postoperative multiple organ failure was more frequent 
inn patients treated with PR than in patients treated with an on demand strat-
egy.100 In our series, the incidence of multiple organ failure was comparable in 
bothh treatment groups. This contradicts the argument postulated by opponents 
off  the ROD strategy claiming that this strategy causes a delay surpassing a 
pointt of no return in the inflammatory pathway towards multiple organ fail-
ure.. Abscesses were encountered more frequently in ROD patients than in PR 
patients.. Indeed, a wait-and-see approach is based on the assumption that host 
responsee mechanisms are frequently able to contain infection once the source 
iss eliminated. As a consequence, frequent CT imaging is needed and sufficient 
radiologicall  expertise to perform percutaneous drainage with large diameter 
drains.. When adhering to the ROD strategy a window is theoretically provided 
forr more percutaneous drainage procedures for the sequelae of peritonitis. Here, 
22.0%% of abscesses in the ROD group (9 patients) were treated by percutaneous 
drainagee as opposed to surgical drainage; a percentage that still is in need of 
improvement. . 

Untill  now, discussions on factors influencing patient outcome in secondary 
peritonitiss have emphasised mainly on the importance of patient- and peritoni-
tis-relatedd factors. With a detailed assessment of each treatment strategy, this 
studyy showed that the choice of treatment strategy maybe independently relat-



edd to survival. Although results of a retrospective study need to be interpreted 
withh caution, benefit of the on demand strategy could not be explained merely 
byy bias. A randomised clinical trial, cautiously circumventing numerous pitfalls 
off  such a study, is needed to confirm these data.2'*'32 Such a trial is currently run-
ningg in a multi-center setting in the Netherlands. Results have to be awaited. 
Adheringg to an on demand policy implicates rigorous monitoring, exploring 
thee possibility of percutaneous interventions before surgery, and a more con-
servativee approach by the surgeon. 
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ABSTRACT T 

Background Background 
Theree is controversy on performing either a planned relaparotomy (PR) or 
relaparotomyy on demand (ROD) strategy in patients with secondary perito-
nitis.. Subjective factors influencing surgeons in decision making for either 
surgicall  treatment strategy have never been studied. 

Methods Methods 
Alll  858 surgeons of the Association of Surgeons of the Netherlands were sent 
aa survey evaluating the preference for PR or ROD through 16 case vignettes 
simulatingg peritonitis patients. 

Results Results 
62%% of surgeons responded to the survey of which 407 surveys were eligible 
forr evaluation. The responding surgeons had a slight overall preference for 
thee ROD strategy as shown by the mean overall preference score of 5.2 (range 
3.54-6.52,, with a score of 7). GI surgeons, surgeons working in regional and 
smallerr hospitals were significantly more in favour of a ROD strategy than 
theirr counterparts. Factors significantly influencing the preference towards 
PRR were ischaemia as aetiology and performing a primary anastomosis, and 
towardss ROD were small bowel as focus, local extent of contamination and 
whetherr abdominal closure was possible. However, there was a considerable 
variabilityy in treatment decisions by surgeons. 

Conclusions Conclusions 
Thee majority of responding surgeons would make a choice for a particular 
treatmentt strategy based on peritonitis characteristics and surgical treat-
mentt characteristics. There was a slight overall preference towards the ROD 
strategyy despite the considerable variability per case vignette. 
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INTRODUCTIO N N 
Thee choice of a planned relaparotomy (PR) or relaparotomy on demand (ROD) 
strategyy in the surgical treatment of patients with secondary peritonitis has 
beenn a dilemma for some decades now. Secondary peritonitis may be caused 
byy perforation of a visceral organ, infection, ischaemia or necrosis of part of 
thee digestive tract or may occur as result of a postoperative complication. The 
diseasee is associated with a high overall mortality (30-40%) and a considerable 
morbidityy in survivors. 

Surgicall  treatment initiall y consists of a laparotomy for elimination of the 
infectiouss focus or source control. The surgeon may decide for different surgi-
call  strategies at the end of the initial laparotomy. Two of the most frequently 
appliedd surgical treatment strategies in secondary peritonitis are the PR and 
thee ROD strategy. In literature, there is considerable difference of opinion on 
thee optimal surgical treatment strategy in secondary peritonitis and results 
fromm observational studies comparing the PR and ROD strategy are contradic-
tory.11 s A recent meta-analysis of observational studies comparing the effect of 
bothh strategies, as measured by the in-hospital mortality rate, showed a slight 
butt non-significant benefit of the ROD over the PR strategy.lJ 

Choicee for surgical treatment strategy in patients with secondary peritonitis 
seemss to be based on a combination of evidence and a 'gut-feeling' of the treat-
ingg surgeon. However, there is very littl e insight in factors associated with the 
surgeons'' decision making in these patients. To gain more insight in decision 
makingg and thereby making the decisional process more explicit, the present 
studyy was aimed at the analysis of factors influencing decision making in a 
largee cohort of surgeons in the Netherlands for performing a PR or a ROD strat-
egyy for patients with secondary peritonitis. 

METHOD S S 

Fromm October to December 2001 an anonymous survey was sent to all 858 
surgeonss member of the Association of Surgeons of the Netherlands. Data on 
surgeonn characteristics (year of registration, surgical subspecialty, number of 
operationss per year, percentage of gastrointestinal (GI) operations}  and hospital 
characteristicss (type, number of beds, hospitals most frequent treatment policy) 
weree collected. 

Thee survey consisted of 16 case vignettes evaluating the preference for the 
twoo most frequently applied surgical strategies in secondary peritonitis (PR and 
ROD).. PR was defined as a relaparotomy performed every 24 to 48 hours after the 
initiall  operation until the abdomen was macroscopically clean at the beginning 
off  the last relaparotomy. ROD was defined as an expectant treatment and only 
performingg a relaparotomy when the patient's clinical situation deteriorated or 
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improvedd insufficiently. Each vignette consisted of 8 clinical factors. The levels of 
thee characteristics were distributed among 16 case vignettes (table 1). The 8 fac-
torss were grouped as patient-, peritonitis- and treatment-characteristics (fig. I). 

Responderss were asked to rate the preference for either strategy on an 
anchoredd scale ranging from 1 (strong preference for PR) to 7 (strong prefer-
encee for ROD). A centre positioned score of 4 indicated no specific preference 
forr PR or ROD. Two versions of the survey with different case vignettes order 
weree designed to prevent bias by order effects. Surveys were numbered in order 
too facilitate sending non-responders a second or third mailing. A separate ques-
tionnairee to assess motivations of non-responders was included in the 3rd and 
lastt mailing. 

StatisticalStatistical analysis 
Developmentt of case vignettes, data collection and analysis was performed 
usingg SPSS for Windows, version 11.0 with S-plus function (SPSS Inc., Chicago, 
111.,, USA). The different levels were distributed over the 16 case vignettes by 
meanss of orthogonal factorial design. The influence of respondents' character-
isticss on their mean overall preference score was compared through students 
t-testt and ANOVA. Factors independently influencing the preference score for 
thee two operative strategies were estimated by advanced multiple linear regres-
sionss (Mixed models). Dummy codings were used for the various levels of the 
patientt characteristics. Effect sizes were expressed in beta-coefficients with 95% 
CI.. By considering the individual respondents as random effects, it was taken 
intoo account that the preference score originated from 16 repeated measures. A 
PP < 0.05 was considered statistically significant. 

Figuree 1. The factors and levels distributed among the 16 case vignettes 

PutiVnff  clwracLcnstics 
Agee 40 or 70 years 
ASAA classification ASA 1/ II or ASA III 
Peritonitiss tfiijrarli'ristics 
Aetiologyy ischaemia or perforation or postoperative peritonitis 
locuss small bowel or colon 
Contaminationn turbid or pus or faecal 
Extentt focal or diffuse 
Treurmt'Tit t 
Anastomosiss resection with primary anastomosis or resection with end 

enterostomyy or resection with primary anastomosis and 
divertingg enterostomy 

Closuree of abdomen possible or not possible 

1 22 3 4 5 6 7 

strongg no specific preference strong 
preferencee for for PR or ROD preference for 
PRR ROD 
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RESULTS S 

Response Response 
Off  the 858 surveys sent, a total of 456 surveys and 73 non-responder question-
nairess were returned (62%). Forty-nine surveys were excluded from analysis 
becausee they were not fully completed or data were missing. Of the returned 
surveys,, 407/456 (89%) surveys were eligible for analysis. 

Analysiss of the 73 non-responder questionnaires revealed the following rea-
sonss for not completing the survey: 'not treating patients with secondary peri-
tonitiss (anymore)*  (n=35), 'survey too extensive*  (n=34), 'survey fatigue' (n=8), 
'alreadyy completed survey by others within the surgical department*  (n=7), 'not 
interestedd in the subject' (n=7), and 'do not agree with study question' (n=3). 

SurgeonSurgeon and hospital characteristics 
Thee responding surgeons were registered in the Dutch Medical Specialist 
Registerr for a mean 13 years and performed a mean of 389 operations each year 
(tablee 2). About half of the responders had GI surgery as subspecialty or were 
generall  surgeons (196/407,48%), The majority of surgeons (60%) had two or more 
subspecialties.. The majority of GI surgeons had >3 surgical subspecialties com-
paredd to only 8% of non-GI surgeons. 

Thee respondents represented about equally the 3 different hospital types in 
thee Netherlands (academic, teaching and regional hospital). 48% of the GI sur-
geonss as compared to 21 % of the surgeons with another subspecialty worked in 
ann academic hospital. There was a considerable variability in current general 
surgicall  policy: the most frequently applied treatment strategy in the respond-
ingg surgeons' hospitals was 'ROD only' (39%), followed by 'PR only' (23%). The 
remainingg responders indicated that >1 treatment option was common practice 
inn their hospital, or used other techniques such as the open abdomen technique 
orr continuous postoperative peritoneal lavage. Approximately 6% of surgeons 
hadd no specific preference for a particular surgical treatment strategy in second-
aryy peritonitis patients. 

CaseCase vignettes; general preference and variability 
Thee mean preference score of the 16 case vignettes per vignette ranged from 
3.344 (95% CI 3.15-3.53) to 6.52 (95% CI 6.38-6.67) (jig. 2). The mean overall pref-
erencee score for surgical treatment strategy was 5.21 (95% CI 5.17-5.26). Only 
22 vignettes showed a significant preference towards the PR strategy and for 2 
vignettess (6 and 7) there was no evident preference for either PR or ROD. Twelve 
off  the 16 case vignettes were rated as having a significant preference towards the 
RODD strategy. For three vignettes (1, 12 and 13) 60% up to 67% of the surgeons 
indicatedd a strong preference for the ROD strategy (score of 6 or 7). In contrast, 
8%% had a completely opposite preference (score 1 or 2) for the same 3 vignettes. 
Fifteenn (3.7%.) surgeons were always in favour of ROD (indicated by a score of 7 
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Tablee 2. Surgeon- and hospital characteristics 

SURGEONN CHARACTERISTIC S 

No.. years of surgical registration 

(Meann  s.d.) 

No.. operations/year 

[Meann  s.d.) 

PercentagePercentage gastrointestinal operations 

<<  25% 

255 - 75% 

>> 75% 

SurgicalSurgical subspecialty 

General l 

T rauma a 

Vascular r 
Oncology y 

Intensivee care/ Pu lmonary 

No.. of surgical subspecialties 

1 1 

2 2 

33 or more 

HOSPITALL  CHARACTERISTIC S 
HospitalHospital type 

Regional l 

Teach ingg hospi ta l, not academic 

Academic c 

No.. of hospital beds 

< 4 00 0 

4000 - 700 

>700 0 

MostMost frequent treatment policy in hospital 
ROD D 

PR R 

Pr imaryy open a b d o m en 

Moree t han 1 opt ion 

Al l l 

INN = 407) 

133 4 

3900  7.8 

175(44%) ) 

1944 (48%) 

333 (8%) 

1011 (25%) 

722 (18%| 
699 (17%) 

44(11%) ) 

7(1%) ) 

1611 (40%) 

1488 (36%) 

988 (24%) 

1799 (44%) 

1444 (35%) 

844 (21%) 

1400 (35%) 

166(41%) ) 

999 (24%) 

160(39%) ) 

955 (23%) 

288 (7%) 

124(31%) ) 

Gll  surgeons 

(N== 196) 

144  0.6 

3933 1 

277 (14%) 

135(70%) ) 

30(16%) ) 

822 (42%) 

--
--
--
--

400 (20%) 

755 (38%) 

811 (41%) 

399 (20%) 

622 (32%) 

955 (48%) 

711 (36%) 

822 (42%) 

43(22%) ) 

76(39%) ) 

411 (21%) 

111 (6%) 

688 (35%) 

Otherr special i ty 

(NN = 21l) 

133  0.6 

3877 1 

148(71%,) ) 

599 (28%) 

3(1%) ) 

19(9%) ) 
722 (34%) 

699 (33%) 

444 (21%) 

7(3%) ) 

1211 (57%) 

733 (35%) 

177 (8%) 

844 (40%) 

822 (39%) 

455 (21%) 

699 (33%) 

844 (40%) 

566 (27%) 

844 (40%) 

54(26%) ) 
17(8%) ) 

566 (27%) 

Numberss or percentages may not add up to total due to missing wilut's or truncations; General surgery 

'A'A or more surgical subspecialties: ROD: relaparotomy on demand; PR: planned relaparotomy. 

only)) regardless the case vignette. No surgeon had a strong preference for PR for 
alll  case vignettes, as indicated by a score of 1 or 2. 

Influencee of surgeon and hospital characteristics on the preference score is 
shownn in table 3. Although Gl surgeons were significantly more in favour of a 
RODD strategy than other surgeons (5.30 versus 5.13; P < 0.05), the absolute dif-
ferencee in preference score was small. The same applies to the type of hospital, 
numberr of hospital beds and most frequently applied strategy in the hospital. 
Thee mean overall preference score of a surgeon for a strategy corresponded with 
thee formal strategy in the surgeons' hospital. All other surgeon and hospital 



Tablee 3, Subgroup analysis on mean preference scores 

No.. years of surgical registration ' 
££ 13 years 

<< 13 years 

No,, operations/ year' 

Moree t han 390 opera t ions / year 

Lesss t han 390 operat ions / year 

PercentagePercentage Gastrointestinal operations 

<< 25% 
255 - 75% 

>> 75% 

Gastrointestinal Gastrointestinal 

GII  surgeons 

nonn GI surgeons 

No.. of surgical subspecialties 
1 1 
2 2 

33 or more 

HospitalHospital type 

Regional l 

Teach ingg hospi tal 

Academic c 
No.. ofhospital beds 

< 4 00 0 

4000 - 700 

>700 0 

Mostt frequent treatment policy in surgeon's 

ROD D 

PR R 

Pr imaryy open abdomen 
Moree t han 1 opt ion 

Numberr of 

surgeons s 

(NN = 407) 

218 8 

181 1 

234 4 

162 2 

175 5 

194 4 

33 3 

196 6 
211 1 

161 1 
148 8 

98 8 

179 9 
144 4 

84 4 

140 0 
166 6 

99 9 

hospital l 

160 0 
95 5 

28 8 

124 4 

Mean n 

score e 

5.26 6 

5.16 6 

5.28 8 
5.09 9 

5.19 9 

5.22 2 

5.28 8 

5.30 0 
5.13 3 

5.12 2 

5.29 9 

5.26 6 

5.38 8 

5.08 8 
5.10 0 

5.49 9 
5.09 9 

5.06 6 

5.68 8 

4.52 2 
4.91 1 

5.21 1 

(95%% CI) 

5.13-5.40) ) 

5.01-5.31) ) 

5.14-5.41) ) 
4.94-5.25) ) 

5.04-5.34) ) 
5.07-5.36) ) 

4.93-5.64) ) 

5.16-5.45) ) 

5.00-5.27) ) 

4.97-5.27) ) 

5.12-5.46) ) 

5.05-5.47) ) 

5.23-5.53) ) 

4.91-5.26) ) 
4.90-5.29) ) 

5.31-5.66) ) 
4.93-5.24) ) 

4.87-5.24) ) 

5.55-5.81) ) 

4.344.70) ) 
4.50-5.32) ) 

5.03-5.391 1 

PP value 

n.s. . 

n.s. . 

n.s. . 

PP = 0.049 

PP = 0.240 

PP = 0.011 

PP < 0.001 

PP < 0.001 

PreferencePreference scores theoretically ranged from 1 (preference towards PR) to 7 [preference towards ROD). 
tt Cut-off value derived from mean surgeon characteristics. Numbers may not add up to total due to 
missingmissing values. 
n.s.. not significant. PR: planned relaparotomy; ROD: relaparotomy on demand. 

characteristicss were not significantly associated with the preference scores for 
treatmentt strategy in secondary peritonitis. 

FactorsFactors influencing the preference 
Thee influence of patient, peritonitis and treatment characteristics is as follows. 
Thee patient characteristics 'age' and 'ASA classification' did not significantly 
influencee the preference for either strategy, and were accompanied by a wide 
95%% CI range. 

Forr peritonitis factors, 'ischaemia' significantly influenced the preference 
scoree towards PR (-1.50 points, 95% CI -1.17 to-1.83). Both 'focal extent of contain-
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ination'' (1.60 points, 95% CI 0.69 to 2.50) and 'small bowel as focus' (0.42 points, 
95%% CI 0.15 to 0.69) significantly influenced the preference score towards a ROD, 
whilee 'turbid contamination' showed a trend in influencing the preference 
scoree towards ROD (1.14 points, 95% CI -0.31 to 2.59). 'Perforation as infectious 
focus'' and 'faecal contamination' had no influence on the preference score. 

Forr treatment factors, resection followed by a 'primary anastomosis' (- 0.61 
points,, 95% CI -1.06 to -0.16) significantly influenced the preference score towards 
PR,, while resection followed by an 'anastomosis with diverting enterostomy' 
tendedd to a preference for PR (-0.90 points, 95% CI 0.37 to -2.17). The treatment 
factorr 'abdominal closure possible' significantly influenced the preference score 
towardss ROD (1.11 points. 95% CI 0.24 to 1.97). 



DISCUSSION N 
Thiss survey for the first time assesses factors influencing the subjective decision 
orr 'gut-feeling' of surgeons for a PR or a ROD strategy in patients with second-
aryy peritonitis and provides insight in the current treatment policy of these 
patients.. The study revealed a slight overall preference for the ROD strategy in 
thee Netherlands, influenced by peritonitis factors and surgical treatment fac-
tors.. In only three (3/16, 19%) case vignettes, the majority of surgeons had an 
outspokenn preference towards the ROD strategy as shown by a score of 6 or 7. 
Remarkably,, for these same three vignettes 8% of surgeons had an opposite pref-
erence,, namely for PR as shown by a score of 1 or 2. This demonstrates there is 
muchh debate and lack of consensus about the most preferred treatment strategy 
inn a particular case and challenges a frequently mentioned belief that strategy 
choicee can be made per clinical case. 

Casee vignettes were used to systematically assess factors influencing decision 
making.. Evidently, case vignettes are not real patients, but there are few alter-
nativess to scientific evaluation of decision making without important potential 
biases.. Vignettes do have intrinsic shortcomings such as lack of the complexity 
andd ambiguity of real-life patients. Only a limited number of vignettes and thus 
aa limited number of variables can be entered in a survey to keep the survey 
withinn a practical length.I(>15 However, Peabody et al. have shown the validity 
off  case vignettes to measure clinical practice by comparing case vignettes with 
standardd patients and chart abstractions.15 Vignettes are advised as a rigorous 
methodd of eliciting preferences in health care.16 The response rate and overall 
effectt in this study may theoretically be higher than presented, for 7 surgeons 
respondedd to the survey on behalf of the entire hospital surgical staff. This effect 
wass not included in the analysis. 

Thee finding that the peritonitis factor 'ischaemia' influenced the prefer-
encee score for surgical treatment strategy towards PR can be explained by the 
factt that surgeons may argue that after an initial laparotomy for ischaemia a 
PRR is warranted to reassess viability or to re-establish bowel continuity in case 
off  stapled-off loops.17 However, in clinical practice a distinction should prob-
ablyy be made between mesenteric ischaemia as a result of arterial insufficiency 
andd 'local' ischaemia as a result of mechanical obstruction. The former may 
indeedd necessitate a PR strategy after resection with or without revascularisa-
tion,, whereas the latter may allow a more conservative approach after resection 
duringg the initial laparotomy. The opinion that a focal extent of peritonitis is 
associatedd with a less severe form of secondary peritonitis is frequently encoun-
teredd in literature. This survey indicated that a focal contamination influenced 
thee surgeons' preference towards the ROD strategy. 

Off  the surgical factors, a resection with primary anastomosis during the ini-
tiall  laparotomy was also associated with a preference towards the PR strategy, 
whichh can be explained by the surgeon's lack of trust in a primary anastomo-
siss in a peritonitis patient. A primary anastomosis in a diffuse contaminated 



abdominall  cavity is generally believed to harbour an increased risk of anasto-
moticc dehiscence.11*"- 1 Abdominal closure after laparotomy is preferred because 
thee abdominal wall musculature retracts after some time, making abdomi-
nall  closure difficul t and hazardous. In our survey, the possibility to close the 
abdomenn was associated with a preference towards a ROD strategy. This may 
bee explained by the fact that not being able to close the abdomen, due to for 
instancee bowel distension, often may reflect more severe pathology in which a 
numberr of surgeons also prefer a PR. 

Thee preference score is also influenced by surgeon and hospital character-
istics.. GI surgeons were significantly more in favour of ROD, but the differ-
encee in preference score was only small (5.30 versus 5.13). GI surgeons may be 
moree outspoken in their preference towards a ROD strategy because they may 
bee more accustomed to the ongoing decisional challenges of when exactly to 
performm a relaparotomy when deciding for a ROD strategy.2'-1 It is re-assuring 
thatt the surgical policy of both GI and non-Gl surgeons seem largely similar 
towardss patients with secondary peritonitis. Surgeons from regional hospitals 
andd surgeons from smaller hospitals also had a small but significant prefer-
encee towards a ROD strategy compared to academic, teaching and larger hos-
pitals,, probably explained by the differences in case-mix in referral hospitals 
comparedd to regional hospitals. 

Althoughh we found a tendency in favour of ROD consistent with pooled data 
fromm the meta-analysis of observational studies'', the survey demonstrated that 
decisionn making in strategy choice is largely based on subtle elements of clini-
call  and operative presentation. However, a shift from operative decision making 
byy the operating surgeon, to a postoperative, more multidisciplinary decision 
mayy be warranted. When adhering to a ROD strategy a multidisciplinary dia-
loguee and interpretation of clinical and imaging variables representative of the 
patients'' clinical course is much needed. All by all, results of this survey under-
scoree the variability of treatment strategy decisions in the peritonitis patient. 
Thee outcome of patients with peritonitis is likely to improve if treatment deci-
sionss are to a lesser extent based upon personal opinions, local prejudices and 
decisionss per patient but more guided by scientific evidence explicitly demon-
stratingg effectiveness per group or subgroup of patients. 
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ABSTRACT T 

Background Background 
Thee surgical treatment of secondary peritonitis consists of elimination of the 
infectiouss focus and abdominal lavage. The balance between the pro- and 
anti-inflammatoryy host responses determines the development of systemic 
complications,, deciding clinical outcome. This study examines the influence 
off  surgical management on inflammation in the abdomen, blood and lungs. 
AA modified mouse model was tested for clinical relevance. 

MaterialsMaterials and Methods 
Peritonitiss was established in male C57BL/6 mice by cecal ligation and 
puncturee (CLP). After 24 hours two groups were made: A group in which the 
infectedd cecum was resected and the abdominal cavity was lavaged (RES) and 
aa group that received no surgical treatment (NoRES). The mice were sacrificed 
att 24 (sham and CLP), 48 and 72 hours after CLP. 

Results Results 
Intraperitoneall  parameters were improved in the RESgroupbut results were not 
significantlyy different between groups. More explicit differences were seen in 
plasmaa and lungs. In plasma, levels of pro-inflammatory cytokine interleukin 
(IL-)) 6 were decreased in RES (P=0.048). Accordingly, anti-inflammatory IL-10 in 
plasmaa was increased in this group (P=0.031). In the lung, chemotaxis (murine 
analoguee of IL-8) and accumulation (myeloperoxidase) of neutrophils was 
reducedd in the RES group (P=0.012 and P=0.004, respectively). 

Conclusions Conclusions 
Inn experimental secondary peritonitis induced by CLP, cecal resection 
andd abdominal lavage restores the pro- and anti-inflammatory balance 
predominantlyy in the extra-abdominal compartments. This illustrates 
thee importance of source control with respect to prevention of multiple 
organn failure. Due to its polymicrobial character and implicated surgical 
interventionn this model reflects the clinical situation adequately and may be 
moree appropriate to test therapeutic interventions than a model involving 
onlyy CLP. 



11 INTRODUCTIO N 

|| The operative treatment of the peritonitis patient is a much debated subject. 
-|| The use of lavage or the choice between planned relaparotomy or relaparotomy 
11 on demand are ongoing points of discussion, while the indication for surgical 
;== management as initial therapy is unarguable,1 During laparotomy the infec-
~~ tious focus needs to be eliminated (source control) and the abdominal cavity 
-- cleaned until it is macroscopically clean. It needs no explanation why a perfo-

22 rated or ischemic part of the gastrointestinal tract needs surgical management. 
|| However, this primary intervention wil l also have a modulatory effect on host 
|| defense systems, which are vital for the immune responses to the already ongo-
SS ing intra-abdominal infection. In contrast, some even promote a 'damage con-
pp trol' approach for peritonitis in critically-il l patients without fully resolving the 
|| problem at hand but rather return to the operating theater to do so. 

Laparotomyy itself induces the production of inflammatory mediators both 
locally,, by mesothelial cells and the activation of leukocytes, and systemically, 
eitherr by diffusion of inflammatory mediators from the abdomen or system-
icc leukocyte activation.2! Surgery in an already immunologically triggered 
host,, i.e. septic patient, can act as an second hit, which further modulates the 
immunee response.15 The derangement of immune responses in these patients 
cann have severe adverse effects, such as septic shock and may even tip the bal-
ancee towards multiple organ failure (MOF). The balance of pro- and anti-inflam-
matoryy cytokines determines the vehemence and outcome of peritonitis/' 
Overexpressionn of local or systemic pro-inflammatory cytokines, such as tumor 
necrosiss factor (TNF-), interleukin (IL-) 6 and IL-8, increases disease severity and 
mortalityy rate.7"*  On the other hand, these cytokines are indispensable for reso-
lutionn of infection, bacterial clearance and survival from peritonitis.1012 

IL-10,, an important anti-inflammatory cytokine, reduces the production and 
adversee effects of the pro-inflammatory cytokines'M5, but an overexpression of 
anti-inflammatoryy cytokines can also have adverse effects. By inhibiting the pro-
ductionn of cytokines and chemokines, IL 10 facilitates the outgrowth and dis-
seminationn of bacteria and reduces neutrophil recruitment.161T Overproduction 
off  IL-10 in patients with surgical or traumatic injury effectuates immunosup-
pression,, which enhances susceptibility to subsequent infections.1" 

Detailedd knowledge of immune responses in an experimental model of peri-
tonitiss with closer resemblance to the clinical practice than the traditional 
modelss is needed to construct and test novel therapeutic interventions. In this 
study,, effects on local and distant inflammatory responses of surgical interven-
tionn and lavage for treatment peritonitis are described in a modified cecal liga-
tionn and puncture (CLP) mouse model. The effect of elimination of the infec-
tiouss focus and abdominal lavage on pro- and anti-inflammatory cytokines, 
chemotaxiss and neutrophil activation is examined in the abdominal, circula-
toryy and pulmonary compartments. 



MATERIA LL  AND METHODS 
Animals.Animals. Male specific-pathogen-free (SPF) C57BL/6 mice were used, weighing 
244 - 28 grams. Mice were housed and fed under SPF conditions. The study was 
approvedd by the Institutional Animal Care and Use Committee. 

CLPCLP and lavage. Animals were anesthetised with isoflurane (2.5%) and 0,/N,0. 
Temgesicc (0.1 ml/I.) was given preoperatively as analgesic. Polymicrobial perito-
nitiss was induced by CLP (n=30): Through a midline incision the shaved and dis-
infectedd abdominal skin was incised followed by incision of the linea alba and 
carefull  exposure of the cecum with cotton wool tips. The fundal arch was ligat-
edd distally from the main cecal artery with a vicryl 4.0 ligature and punctured 
throughh and through with a 23-gauge needle. A small standardised amount of 
thee bowel contents was extruded through the puncture sites. The cecum was 
placedd back into the peritoneal cavity and the abdominal wall and skin were 
closedd separately. 

InIn sham operated animals (n=4) the cecum was exposed but not ligated or 
puncturedd and then returned to the abdominal cavity. The sham group was ter-
minatedd 24 hours after laparotomy. 

Al ll  mice were administered 0.5 ml of sterile saline subcutaneously twice a 
dayy for postoperative fluid resuscitation. Six mice were sacrificed for baseline 
measurementss 24 hours after CLP. The remaining 24 mice were divided ran-
domlyy into 2 groups: The resection group (RES, n=12) received a relaparotomy 
duringg which the punctured and ligated cecum was resected just distally from 
thee ligating suture. The abdominal cavity was lavaged (5x2 ml) with isotonic 
NaCll  (0.9%) solution. The abdominal wall and skin were closed separately. In the 
non-interventionn group (NoRES, n=12) the punctured and ligated cecum was left 
inn situ. 

Beforee sacrifice at the appointed time points 2ml of NaCL 0.9% was injected in 
thee peritoneal cavity before relaparotomy, and peritoneal lavage fluid (PLF) was 
subsequentlyy sampled when the abdomen was opened. In PLF peritoneal media-
torr concentrations and leukocyte count were measured. Abdominal swaps were 
takenn for culture. An average of 1.5 - 2.0 ml of PLF was collected. 

Too analyze the effect of cecal resection on kinetics of various inflammatory 
mediators,, mice were terminated on different time points by caval blood aspira-
tion.. In RES and NoRES groups 6 mice each were terminated 48 and 72 hours 
afterr CLP At termination blood, PLF and lungs were collected, the latter snap-
frozenn in liquid nitrogen. 

Parameters.Parameters. Leukocytes were counted in PLF as a measure for the local recruit-
ment.. The pro-inflammatory cytokine IL-6 and the anti-inflammatory cytokine 
IL-10,, were measured in both PLF and plasma to examine the local and systemic 
inflammatoryy balance. The murine analogue of the major neutrophil chemok-



inee IL-8. the granulocyte chemokine keratinocyte derived chemokine (KC) was 
measuredd to investigate the chemotactical response locally (abdomen) and 
inn distant organs (lung). Myeloperoxidase (MPO) was measured in the lung to 
examinee the degree of pulmonary neutrophil accumulation. 

Assays.Assays. IL-6, IL-10 and KC levels in plasma (EDTA), lung homogenates and/or PLF 
weree measured by enzyme-linked immunosorbent assays (ELISA) as specified by 
thee manufacturer (R&D Systems, Abingdon, United Kingdom). Abdominal leu-
kocytee counts were determined microscopically in a Biirker chamber after stain-
ingg with Turk solution. MPO content was measured in lung homogenates as 
describedd elsewhere.19 In brief, lung tissue was homogenised in 1:5 potassium 
phosphatee buffer and pelleted at 4500 g for 20 min at 4°C. Pelleted cells were 
lyzedd in potassium phosphate buffer (pH 6.0) supplemented with 10 mM EDTA 
andd 0.5% hexadecyl tri methyl ammoniumbromide. MPO activity was determined 
byy measuring the H,0,-dependent oxidation of 3,3' 5,5' tetramethylbenzidine. 
Reactionn was stopped with glacial acetic acid, followed by optical density read-
ingg at 655 nm. MPO activity is expressed as percentage of values measured in 
shamm operated mice. 

StatisticalStatistical analysis. All data are expressed as mean  standard error of the 
meann (SEM). Differences between CLP groups were analyzed analysis of variance 
(ANOVA)) for repeated measures. Differences between CLP groups per time point 
andd sham were analyzed by the Mann-Whitney U test. P-values of <0.05 were 
consideredd to represent a statistically significant difference. 

RESULTS S 

Inn the RES group one mouse died in both groups appointed to be terminated 
att 48h and 72h, whereas in the NoRES group 2 mice died in these groups. So 
parameterss were compared in 10 mice in the RES group and 8 mice in the NoRES 
group. . 

Locall  infection. All abdominal cultures at 24h showed a polymicrobial fecal 
flora.flora. Twenty-four hours after the first laparotomy (CLP or sham procedure) the 
abdominall  leukocyte count was significantly increased in CLP mice (25.0  4.0 
xx 109/L) compared to sham operated mice (5.0  0.8 x 10'7L, P=0.006). There were 
noo significant differences within or between the CLP groups (P=0.57, data not 
shown). . 

interleukininterleukin 6 (1L-6). Abdominal IL-6 levels (figure 1A) in the sham group were 
lowerr than in both CLP groups (24h: P=0.007; NoRES 48h: P-0.012; RES 48h and 
72h:: P=0.036). The difference in abdominal IL-6 levels between both CLP groups 
overr the entire experimental time failed to reach statistical significance (P=0.06). 
However,, plasma levels (figure IB) in the RES group were reduced to sham levels 



Figuree 1. Mean concentrations of interleukin (IL-)6 
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Figuree 2. Mean concentrations of interleukin (IL-)10 
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Figuree 3. Mean concentrations of keratinocyte derived chemokine (KC) 
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Figuree 4. Mean concentrations of myeloperoxidase (MPO) in lung 
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andd were significantly lower than plasma levels of the NoRES group (P=0.048). ï 
InterleükinInterleükin 10 (IL-10). Abdominal and plasma IL-10 levels (figure 2A) in the sham ~ 

groupp were lower than both groups on all time points (figure 2, 24h: P=0.0008, ^ 
P=0.008,, respectively). After relaparotomy with or without cecal resection, IL- | 
100 levels in PLF decreased comparatively in both groups. Plasma levels of the | 
anti-inflammatoryy response cytokine IL-10 increased after resection and lavage =L 
inn contrast to levels of the NoRES CLP group without resection and lavage at | 
relaparotomyy (P=0.031). 3 

KeratinocyteKeratinocyte derived chemokine (KC). Abdominal concentrations of KC (figure 3A) g 
weree significantly lower in the sham group compared to KC-levels on all time | 
pointss in the NoRES group. In the RES group KC levels decreased after relaparo- =
tomy.. The difference in abdominal levels between groups failed to reach signifi- g. 
cancee (P=0.06). In lung homogenates KC levels decreased rapidly to sham levels 'd 
afterr relaparotomy for cecal resection and lavage. In contrast, pulmonary KC
concentrationss remained higher in the NoRES group throughout the experi- f 
mentt (P=0.012, between CLP groups; jigure 3B). | 

MyeloperoxidaseMyeloperoxidase (MPO) and neutrophil count. Consistent with higher KC levels jz 
inn the NoRES group also higher MPO levels, representing neutrophil accumu- | 
lation,, were found in this group compared to the RES group that underwent | 
surgicall  intervention. In the NoRES group MPO levels in the lung homogenates Q 
peakedd at 48h (P=0.024, compared to sham; figure 4). Surgical management sig- | 
nificantlyy reduced MPO activity over the experimental period compared to the % 
NoRESS group (P=0.004). Relative lung weights were not significantly different = 
betweenn groups (P=0.38, data not shown). * 

DISCUSSIONN f 
Inn this study the effect of surgical elimination of the infectious focus and £ 
abdominall  lavage on local and distant immune responses in peritonitis was 
examined.. One of the most impressive findings in this modified model was that 
locall  abdominal inflammatory responses were not influenced as much by remov-
all  of the infectious focus as seen for the extra-abdominal responses. Although 
thee abdominal inflammatory balance was clearly improved by resection of the 
perforatedd cecum and lavage, striking results were seen in plasma and lung. The 
ratioo of pro- and anti-inflammatory mediators decreased (decrease of IL-6 and 
increasee of IL-10), which is associated with decreased severity and mortality.fi-1J 

Thiss was also reflected in reduced neutrophil activation in the lung. 
IL-66 plasma concentrations do not only correlate with APACHE-II scores, a 

measuree of severity of illness, but also concentrations and peak levels of IL-6 
aree higher in patients who eventually succumb to peritonitis and its complica-
tions.211 "The effects of IL-6 are multiple in the host response. It increases intes-
tinall  and peritoneal permeability ̂ -^ and primarily initiates the acute phase 



response.255 The activation of this systemic response precedes the manifestation 
off  clinical septic syndromes like SIRS, MOF and septic shock. The accumulation 
andd activation of neutrophils in the abdominal cavity and various organs plays 
aa central role in this process. 

Thee local and systemic anti-inflammatory response was also examined in 
thiss study by measuring IL-10. IL-10 reduces the inflammatory insult by inhibit-
ingg production of pro-inflammatory cytokines14, chemokines16, and neutrophil 
recruitment.177 In experimental models IL-10 knockout mice and mice treated 
withh IL-10 antibodies display increased mortality1117, while the prophylactic 
andd therapeutic suppletion of IL-10 increases survival and delays the onset of 
irreversiblee septic shock.if,-Z7 In the present study the reduced pro-inflammatory 
responsee after surgical resection of the infectious focus was accompanied by a 
subsequentt activation of the anti-inflammatory response. Again the effect was 
mostt evident in plasma, implying that the restoration of the inflammatory bal-
ancee was most prominent in the systemic compartment to warrant the organ-
ismss homeostasis. 

Thee recruitment of neutrophils is mediated by various chemokines. A gradi-
entt of one of the most important chemokines IL-8, an equivalent of KC in the 
mouse,, attracts neutrophils to inflamed and infected sites-*, where they are sub-
sequentlyy activated and cause tissue damage by the release of noxious substanc-
es,, such as free radicals and proteases. Severity of peritonitis, most importantly 
thee development of organ failure, is induced by proteins, released by activated 
neutrophilss in the lung, such as MPO.-9 Peritonitis induces a systemic inflamma-
toryy response in which the lungs succumb more often and earlier than other 
organs.'""  The current study shows that resection of the infectious focus attenu-
atess the pulmonary immune response considerably and rapidly, as illustrated 
byy decreased local neutrophil chemotaxis and activation. Thus, surgical man-
agementt at 24 hours after induction of peritonitis not only improves the local 
peritoneall  response to infection, but to an even greater extent it precludes the 
systemicc complications of peritonitis, which determine mortality. 

Evenn after surgical management the abdominal inflammatory balance dis-
playedd a local inclination towards the expression of a more pro-inflammatory 
phenotype.. This implies low grade infection or reactivation of inflammation. 
Indeed,, pro-inflammatory cytokines are primarily produced to orchestrate the 
eradicationn of invading micro-organisms, and survival of infectious diseases 
dependss on them.1"11 So a dominant proinflammatory response in the abdomi-
nall  cavity could be aimed against remnant pathogens and adjuvant substanc-
ess that would maintain infection. When secondary peritonitis is not properly 
treatedd or host immune systems fail, recurrent or persistent intra-abdominal 
infectionn ('tertiary*  peritonitis) develops. Patients with tertiary peritonitis have 
longerr ICU-stay, more advanced organ dysfunction and higher mortality (more 
thann 60%) than patients with uncomplicated secondary peritonitis.u This leads 
too the conclusion that the abdominal pro-inflammatory response may be ben-



eficial,, whereas a similar response in the circulatory and pulmonary compart-
mentt is detrimental. 

Byy resecting the diseased cecum and performing an abdominal lavage a 
modell  was constructed with closer resemblance to clinical practice of peritonitis 
thann the traditional CLP model. Clinical secondary peritonitis is per definition 
polymicrobial,, like the peritoneal infection in this model. In the clinical situa-
tionn the laparotomy for controlling an intra-abdominal infection is usually per-
formedd hours after the first symptoms appear and comprises elimination of the 
infectiouss focus and peritoneal lavage.1 u Indeed, our results illustrate that surgi-
call  treatment already has a tremendous impact on intra- and extra-abdominal 
hostt inflammatory responses. This modified CLP model allows investigators to 
examinee therapeutic modalities, set to influence the host response, in a setting 
likelyy to be applicable to everyday practice as opposed to a CLP-only model. 

Inn summary, this study showed that in experimental secondary peritonitis 
cecall  resection and abdominal lavage reduced the pro-inflammatory response 
andd activated the anti-inflammatory response prominently in the systemic cir-
culationn and the lungs. In the abdomen, the ratio of pro- and anti-inflamma-
toryy mediators was less decreased, probably to orchestrate the eradication of 
remnantt local infection. Overshoot of responses outside the abdomen is clearly 
reducedd after resection and lavage. Due to its polymicrobial character and impli-
catedd surgical management this model is more applicable to clinical practice, 
andd may be the starting point of interventional studies. 
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ABSTRACT T 

Objective e 
Thee decision to perform a relaparotomy in patients with secondary peritonitis 
iss based on 'clinical judgement*  with inherent variability between surgeons. 
Ourr objective was to review the literature on prognostic variables for ongoing 
abdominall  infection. Predictive variables for positive findings at relaparotomy 
cann generate more objective criteria to support decision whether or not to per-
formm a relaparotomy in patients with secondary peritonitis. 

StudyStudy Selection 
Studiess assessing the prognostic value of clinical variables predicting outcome 
off  relaparotomy or general outcome in patients with secondary peritonitis. 

DataData Sources 
Wee searched the following databases: Medline, Cochrane Database of Systematic 
Reviews,, Cochrane Clinical Trial Register, Database of Abstracts on Reviews and 
Effectiveness,, Current Controlled Trials, National Research Register and Embase. 
Searchh terms included: (re-}  laparotomy, peritonitis, abdominal sepsis, criteria, 
parameterss and outcome. 

DataData Extraction 
Wee extracted data on methodological quality of the study, and statistical 
strengthh of predictors and validity of individual variables. Using these three 
scoress a ranking of variables was made. 

DataData Synthesis 
AA total of 37 of 197 retrieved articles were included for final assessment. The medi-
ann score for methodological quality of individual articles was 36 (range 19-54). 
Afterr calculation of the combined scores 76 individual variables (patient-, perito-
nitis-,, surgery-, clinical- and laboratory variables) were identified from which the 
topsixtile(100 variables) was eventually selected. These variables were elimination 
off  focus, concomitant disease, upper G.I. source of peritonitis, generalised perito-
nitis,, age, bilirubin, creatinine, lactate, PaO./FiO., ratio and albumin. This set of 
variabless proved to be predictive for positive findings during relaparotomy in a 
cohortt of 219 patients operated for secondary peritonitis (Receiver Operator Curve 
0.755 [95% CÏ 0.68-0.82]). 

Conclusions Conclusions 
Wee obtained a ranking of variables to include in a prognostic model to predict 
ongoingg peritonitis. In a retrospective dataset of secondary peritonitis patients, 
thiss set of variables showed potential for prediction. 



II  INTRODUCTIO N 

|| The initial surgical treatment of secondary peritonitis or abdominal sepsis is 
aa primarily aimed at source control and abdominal lavage. Thereafter, a relaparo-
?? tomy may be performed to remove possible residual debris or control addition-
|| al pathology in the intra-abdominal cavity. Choice for a surgical relaparotomy 
~~ strategy can be either to adhere to a planned relaparotomy strategy or a relaparo-
'|f.. tomy on demand strategy. There is only non-randomised evidence available to 
BB compare these two strategies with respect to morbidity and mortality outcome. 
== A meta-analysis of the available observational studies comparing both strategies 
11 in patients with secondary peritonitis revealed a non-significant advantage for 
££ patients treated by the on demand strategy as measured by in-hospital mortal-

== One of the major drawbacks of the relaparotomy on demand strategy in sec-
ondaryy peritonitis is the lack of well-defined criteria to assist surgeons when 
too perform a relaparotomy given the course of disease. Current decision mak-
ingg is not explicit and based on subjective, non-quantitative arguments or hos-
pitall  doctrines, and may be more authority- than evidence-based. In addition, 
comparisonn and interpretation of published data on the subject is hampered 
byy a lack of consensus on useful criteria for relaparotomy. It has been ques-
tionedd whether performing a relaparotomy influences the patient's outcome 
inn a positive way and whether the outcome would have been different when 
thiss relaparotomy would not have been performed. Markers indicating ongoing 
intra-abdominall  infection and/or organ dysfunction are thought to be strong 
predictorss of positive relaparotomy 23 and there is abundant evidence in litera-
turee that multiple organ failure is strongly related to outcome of peritonitis 
(mortality).2'9 9 

Thee aim of this study was to review the literature on the ability of clinical 
factorss to predict ongoing abdominal infection and other positive findings at 
relaparotomy.. Unfortunately, performing a review of studies evaluating prog-
nosticc factors is not straightforward. Problems include: (a) differences in the 
sett of variables included in the prognostic model between studies and (b) differ-
encess in the methods how continuous predictors are handled between studies.10 

Therefore,, we ranked potential prognostic factors based on statistical, validity 
andd methodological criteria to obtain a robust selection of potential predictors, 
ratherr than formal meta-analysis of the predictive strength. The potential for 
predictionn was examined in a retrospective dataset of patients with secondary 
peritonitiss undergoing a relaparotomy. 



MATERIA LL  AND METHODS 
SearchSearch strategy 
AA systematic search of the literature was conducted independently by 2 authors 
[B.L.,[B.L., M.A.B.) to identify studies assessing criteria for relaparotomy as well as stud-
iess assessing criteria for outcome in general in patients with secondary peri-
tonitis.. The following databases were searched: Medline (period 1966 to April 
2003),, Cochrane Database of Systematic Reviews (1988 to April 2003), Cochrane 
Clinicall  Trial Register (1988 to April 2003), Database of Abstracts on Reviews 
andd Effectiveness, Current Controlled Trials, National Research Register and 
Embasee (January 1988 to April 2003). The individually applied search terms and 
Meshh subject headings were (re-)laparotomy, abdominal sepsis, peritonitis, cri-
teria,, parameters and outcome. The search was limited to clinical studies in 
adultt patients in the English language. Titles retrieved through the search were 
searchedd for studies on relaparotomy in secondary peritonitis and, when appro-
priate,, the abstract was retrieved. The full article was retrieved when the titl e 
orr abstract revealed insufficient information to determine appropriateness for 
inclusion. . 

SelectionSelection criteria 
Includedd were studies addressing parameters for performing a relaparotomy 
inn adults with secondary peritonitis as well as studies predicting outcome in 
patientss with secondary peritonitis. Secondary peritonitis was defined as an 
intra-abdominall  infection caused by perforation, infection, ischemia or necrosis 
off  part of the digestive tract or visceral organ, or due to a postoperative compli-
cation.. Relaparotomy was defined as an intra-abdominal re-operation following 
andd related to the initial (index) operation for secondary peritonitis. Parameter 
wass defined as a measurable variable that is indicative of a function or organ 
system.. Studies meeting the inclusion criteria were retrieved and a cross-refer-
encee search of the eligible articles was performed to identify additional studies 
meetingg the inclusion criteria but not found in the computerised search. 

AssessmentAssessment of studies and individual predictors 
Thee included studies were scored on three aspects: 1. Statistical strength of 
individuall  variables; 2. Validity of variables in the retrieved studies; and 3. 
Methodologicall  quality of the retrieved studies (Figure I). 

Assessmentt of statistical strength of individual variables potentially of influ-
encee on the outcome of relaparotomy in secondary peritonitis encountered in 
thee retrieved studies was performed using a statistical scoring system designed 
forr this study. Individual variables scored 0, 4, 8 or 12 points for increasing sta-
tisticall  proof of strength (Figure 1). Statistical evidence was defined as significant 
whenn P-values were < 0.05. Multivariate analysis was defined as any regression 
analysis. . 
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Figuree 1 Composition of the cumulative score for each variable and 
methodologyy score for assessed studies. 

Scoree for STATISTICAL STRENGTH = median of scores per variable in individ-
uall  article. 

Scoree for STATISTICAL STRENGTH + Score for VALIDATIO N = CUMULATIVE 
SCOREE for a variable in retrieved literature. 

Followedd by ranking of cumulative scores based on median METHODOLOGICAL 
QUALITYY score for a variable 
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44 Positive finding " 
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00 -48 Design and conduct 

00 - 24 Analysis 

00 - 8 Interpretation and 

presentation n 
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00 Negative finding on out 

comee of peritonitis or 
relaparotomy y 

Designn and conduct 



Thee score for validation was developed assuming that when a particular vari- Q 
ablee was assessed in an increasing number of studies, the validation of the find- ? 
ingss for that variable increased. A positive outcome for a variable in 2 or more ~= 
studiess accumulated points for validation in addition to the scores for statist!- g 
call  strength. A negative outcome for a particular variable in 2 or more studies 5 
wouldd lead to subtraction of points. ^ 

Methodologicall  quality assessment of included studies was performed by f, 
assemblingg a score deducted from 2 previously described scoring systems on *1. 
qualityy assessment in randomised controlled trials.1" - The constructed score ^ 
forr methodological quality comprised 23 items: 12 items on design and con- = 
ductt (60% of methodological score), 6 items on analysis (30%) and 5 items on % 
interpretationn and presentation (10%), (Table IL The distribution of weight of § 
thee three categories (max. 80 points) as well as choice of individual items from ,§ 
thee 2 existing scoring systems into the newly constructed scoring system was 1 
establishedd after group discussion. Additionally, the levels of Evidence accord- | 
ingg to the Center for Evidence Based Medicine (CEBM) were assessed for each
includedd study.1' For studies on therapies or prognosis, Level I is attributed to .« 
welll  designed and performed randomised controlled trials; level II are cohort | 
studies,, low quality randomised controlled trials or outcome studies; level III B. 
aree case-control studies; level IV are case series and level V are expert opinion § 
articles.. * 

Thee cumulative score combined the median score of statistical strength of 
ann individual variable and the validation score (Figure I). Definitive ranking of 
variabless was made based on the cumulative score with reference to the cor-
respondingg median methodological score per variable. A second author inde-
pendentlyy repeated the scoring process for all included articles by assessment 
off  methodological quality and retrieval of variables. Disagreement was resolved 
throughh group discussion by all authors. 

AA selection of highest ranked variables was made by dividing all variables 
intoo (pre-) operative and postoperative variables. Subsequently, variables incor-
poratedd in the top sixtile of the cumulative score as well as having a method-
ologyy score higher than the overall mean methodology score were chosen as 
highestt ranked variables. These highest ranked variables were then tested on a 
retrospectivee cohort of 219 patients undergoing a relaparotomy for secondary 
peritonitis.. These patients were derived from a previously published series of 
2788 patients with secondary peritonitis.1* 1 From the original 278 patients with 
secondaryy peritonitis 59 patients were omitted for the following reasons: an 
imperativee relaparotomy (e.g. removal of gauze packing), when medical therapy 
wass abstained, when a relaparotomy was performed more than 1 week after the 
indexx operation, and patients having acute pancreatitis. Two outcome meas-
uress were assessed: Positive findings at relaparotomy and in-hospital mortality 
duee to abdominal sepsis. A positive relaparotomy was defined as patients hav-
ingg a relaparotomy with positive findings with respect to ongoing peritonitis or 



Tablee 1. Score for methodological quality. 
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Designn and conduct: (max 48 points - 60%) 
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additionall  abdominal pathology. This was scored independently by two authors 
byy assessment of operation reports and patient charts. 

StatisticalStatistical analysis 
Wee used logistic regression models to determine the strength of association 
betweenn individual predictors and outcome (positive findings at relaparotomy 
andd in-hospital mortality) both in a univariate and multivariate setting. The 
overalll  fit of the multivariate model was examined by plotting the associated 
Receiverr Operating Characteristic (ROC) curve and calculating the Area Under 
thee ROC curve (AUC). The AUC is a single indicator of discriminative power, and 
itss value is the probability that a randomly chosen patient with positive find-
ingss at relaparotomy (or mortality) has a higher risk score than a randomly cho-
senn patient with a negative relaparotomy (or who survived). A perfect predic-
tionn model has an AUC of 1. Furthermore, we compared predicted and observed 
probabilitiess in 10 equally sized groups with an increasing risk score (Homser-
Lemeshoww goodness of fit test). Analyses were done using SPSS (version 11.0) for 
Windowss (Chicago, IL., USA). 

RESULTS S 

Search Search 
Thee search retrieved a total of 197 potentially relevant studies, of which the 
majorityy did not meet the inclusion criteria (Figure 2). These 144 excluded stud-
iess consisted of studies on gynecological issues, primary peritonitis or studies in 
(animal)) experimental settings. The remaining 53 studies meeting the inclusion 
criteriaa were retrieved and assessed in further detail. Another 16 studies were 
excludedd because of no or insufficient assessment (lacking statistical analysis) 
off  variables,15"19 or assessment of a subgroup of peritonitis patients (trauma 
patients,Jf)) patients with CAPD peritonitis-*1} . Also, general review articles on sec-
ondaryy peritonitis717---8 were excluded. 

AA total of 37 studies were eventually included for final assessment; 4 stud-
iess addressing variables influencing the therapeutic decision to perform a 
relaparotomyy in patients with secondary peritonitis2,,J9," ' and 33 studies on risk 
factors,, determinants or predictors for outcome in patients operated for second-
aryy peritonitis.2'^'X^'1^ Two of the included studies could be classified into 
bothh categories.-J All studies were published between 1980 and 2003. 

MethodologicalMethodological quality of studies 
Thee mean methodological score of the included 37 articles was 36 (range 19-54; 
theoreticall  maximum score of 80). Four groups of increasing methodological 
scoree showed consistency with the levels of evidence by the Center of Evidence 
Basedd Medicine (CFBM), (Table 2). Fifty-four individual variables were assessed in 



Figuree 2. Flow diagram of the literature search 

OverallOverall result of search: 

nn = 197 studies 

RetrievedRetrieved studies: 
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ConsistingConsisting of: 
Studiess on outcome of peritonitis after surgery 
(nn = 33) 
& & 
Studiess on outcome of relaparotomy only 
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Tablee 2. Methodological quality scores of the 37 included studies divided into 
statisticall  quartiles and the levels of evidence. 
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noo more than 1 study, 12 variables were assessed in 2 or 3 studies, 7 variables in 
44 or 5 studies and 3 variables in more than 5 studies. 

Individuall  variables: statistical strength and validation 
Individuall  variables were ranked using a cumulative score based on the scores 
forr statistical strength and for validation. The cumulative scores of the 76 vari-
abless ranged from -2 to 14 with a mean total score of 7.4 (theoretical maximum 
scoree of 15). The 76 variables were categorised as patient variables, peritonitis 
variables,, surgery variables, clinical variables and laboratory variables as shown 
inn Table 3. 

Patientt variables comprised 19 items with a mean total score of 7.1 {range -2 
too 12). The predominant variables were chronic health evaluation, age, concom-
itantt disease and malnutrition. Calculation of the score for age as a continuous 
variablee revealed a different total score than for the scores of age categories 
(dichotomouss variable). The higher score for age as a continuous variable than 
ass dichotomous variable was mainly caused by more points attributed for vali-
dation. . 

Peritonitiss variables had a mean total score of 6.9 (range 0-12). Source of peri-
tonitiss in the upper gastro-intestinal tract and generalised peritonitis (a diffuse 
extentt of the abdominal contamination) were the most important variables 
off  all peritonitis variables. Etiology or anatomical origin of peritonitis both 
receivedd a lower ranking. 

Thee 13 surgery-related variables had a mean total score of 6.6 (range 0-14). The 
foremostforemost important surgical variable was elimination of the infectious focus, 
whichh seemed more important than for example emergency surgery, planned 
relaparotomyy and a reoperation executed more than 48 hours after the index 
operation. . 

Clinicall  variables comprised a miscellaneous group of parameters indicating 
too organ failure, organ support and physical diagnostic tests. These variables 
hadd a mean score of 7.8 (range 0-12). The PaOJFiO., ratio was the strongest vari-
ablee in this subgroup followed by multiple organ failure. 

Thee 13 laboratory variables had a high mean score of 8.3 (range-2 to 12), con-
sistingg predominantly of continuous laboratory variables. Creatinine, bilirubin, 
lactatee and albumin were the strongest laboratory variables predicting ongoing 
sepsiss in peritonitis patients. White blood cell count gathered the least points 
forr assessed laboratory variables. 

Whenn assessing the variables deducted from the 4 articles on outcome of 
relaparotomyy only, the ranking of these 17 variables (Table 3, with asterisk [*]) 
showedd lower scores than the patient variable, and some of the clinical vari-
ables.. It is of note that the single most important surgical variable, i.e. elimina-
tionn of the infectious focus, was not assessed in any of the articles on relaparo-
tomyy only. Remarkably, also peritonitis variables have not been analysed in 
thosee articles, although they were focused on relaparotomy decision. 



Tablee 3. Grouping of the 76 variables derived from literatur e into subgroups. 

Variable Variable 

PATIENTT VARIABLE S 
Concomitantt disease 
Age e 
Malnutrition n 
Malignancy y 
Agee > 50 yrs. 
Agee > 60 yrs. 
Renall  failure " 
Preoperative e 
symptomss > 24h, 
Female e 
Agee > 55 yrs. 
Cirrhosis s 
Agee > 70 yrs. 
Steroidd use 
Liverr disease 
Renall  disease 
Male--
Referredd patients 
Previouss history' 
Gender r 

Stat, Stat, 
strength strength 

PERITONITI SS VARIABLE S 
UpperGll  tract source 12 
Generalised d 
peritonitiss 8 
Etiologyy 8 
Abscesss 8 
Fecal/'' pus 
Peritonitiss at index 
operation n 
Multipl ee Abscesses 
Origin n 
Abscesss location 
Turbid// pus 

8 8 

SURGERYY VARIABLE S 
eliminationn of focus 12 
Emergencyy surgery * 8 
Woundd infection ' 8 
Reoperation n 
>48hh index op. 8 
Plannedd relaparotomy 8 

Cumm. Cumm. 
score score 

12 2 
11 1 
11 1 
10 0 
10 0 
9 9 
8 8 

Mttliod--
nlsigy y 

41. 5 5 
36. 5 5 
24 4 
36 6 
24 4 
43 3 
41 1 

41 1 
41 1 
34 4 
24 4 
39 9 
44. 5 5 
39 9 
37 7 
37 7 

36 6 
33 3 
35 5 

41 1 
31. 5 5 
29. 5 5 
41 1 

35 5 
28 8 
34 4 
54 4 
33 3 

36 6 

47 7 
47 7 

41 1 
36 6 

Transfusion n 
Operation n 
<<  24h of onset 
Nonn directed 
exploration n 
Technicall  errors 
Singlee operation 
No.. of re-operations 
Durationn of operation 
Timingg of surgery 

8 8 

8 8 

8 8 

8 8 

4 4 

4 4 

0 0 

0 0 

8 8 

8 8 

8 8 

8 8 

4 4 

4 4 

0 0 

0 0 

35 5 

33 3 

28 8 

24 4 

42 2 

34 4 

35 5 

33 3 

Vliriiibli ' ' Stat. Stat. 
strength h 

CLINICA LL  VARIABLE S 
Pa02/Fi022 ratio 12 
Multipl ee Organ Failure 8 
Respiratoryy failure * 8 
Shock-- 8 
CWHH 8 
Consciousness s 
alterationss * 8 
Abdominall  pain 
(>> day 2) * 8 
Ileuss (> day 3| * 
CTT scan * 
Pneumonia a 
Consciousness s 
Dyspnoea a 
Oligo-uria a 
Reboundd tenderness 
Guarding g 
Physicall  examination 
Mechanical l 
ventilation n 
Inotropics s 
Feverr * 
Absentt bowel sound * 
Onsett multiple organ 
failure e 0 0 

1.ABORATORYY VARIABLE S 
Creatininee 12 
Bilirubi nn 12 
Lactatee 12 
Albuminn * 10 
Positivee blood 
culture""  8 
Lymphocyte""  8 
Candidaa culture 8 
pHH 8 
C-reactivee protein 8 
Procalcitoninn 8 
Ureaa 8 
Hematocritt 0 
Whitee blood cell 
count""  0 

Cumm. Cumm. 
score score 

12 2 
12 2 
12 2 
13 3 

10 0 
9 9 

MI-I/HMJ--

olagy olagy 

39 9 
34 4 
41 1 
31 1 
27 7 

47 7 
47 7 
39 9 
38 8 
36 6 
36 6 
36 6 
33 3 
33 3 
31 1 

19 9 
19 9 
35 5 
35 5 

35 5 

39 9 
39 9 
39 9 
40 0 

29. 5 5 
39 9 
41 1 
39 9 
30 0 
30 0 
25 5 
35 5 

GroupingGrouping of the 76 variables derived from litera-
tureture into subgroups with respect to statistical 
strength,strength, cumulative score (statistical strength 
andand validation score), and methodology score. 
'variabless derived from assessment of 4 studies 
onon outcome of relaparotomy only. 
Abbreviation:: CWH continuous venovenous 
hemo/Htration. . 
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PredictivePredictive value of highest ranked variables 
Thee total group of 76 variables was divided into (preoperative and postoperative 
variables,, being clinically applicable categories. From these 2 categories the top 
sixtileoff  the cumulative score was selected with a methodology score above the 
meann methodology score of 36 resulting in 10 individual variables potentially 
predictivee for the outcome of a relaparotomy for secondary peritonitis (Table 4). 

Thee combination of these 10 strongest variables were assessed on a cohort 
off  219 patients operated for secondary peritonitis. Univariate analysis for both 
in-hospitall  mortality and relaparotomy outcome is depicted in Table 5. Table 6. 
showss each predictors individual odds ratio's and 95% CI in multivariate analy-
siss for prediction of a positive relaparotomy. The combination of 10 top ranking 
variabless deducted from literature showed an Area under the ROC Curve (AUC) 
off  0.751 [95% CI 0.68-0.82|: P < 0.001). Unfortunately, for in-hospital mortality a 
multivariatee analysis and thus the AUC could not statistically be justified due 
too the low number of events per subgroup in the mortality group. Table 7. shows 
thee percentage expected (according to the model of 10 variables) and actually 
observedd justified relaparotomies per decile of increasing chance of positive 
relaparotomy.. A more or less gradual increase in percentages expected neces-
sityy of relaparotomy is seen as well as concordance between the expected and 
observedd data within the deciles. 

DISCUSSION N 

Wee reviewed the literature on prognostic factors of ongoing peritonitis or fac-
torss related to the outcome of peritonitis. Because of the overt methodological 
heterogeneityy of the 37 included studies, we performed a qualitative ranking 
ratherr than a formal pooling of data. Importantly, these data contained many 
parameterss used in everyday practice by those involved in the care of patients 

Tablee 4. Categorisation of top sixtile variables in preoperative and 
postoperativee groups. 

(Pre-joperative (Pre-joperative 
variables variables 

Eliminationn of focus 
Concomitantt disease 
Upperr G.I. tract source 
Generalisedd peritonitis 
Age e 

Cumulative Cumulative 
score score 

14 4 
12 2 
12 2 
11 1 
11 1 

Postoperative-Postoperative-
variables variables 

Bilirubi n n 
Creatinine e 
Lactate e 
PaO./riO,, ratio 
Albumin n 

Cumulative Cumulative 
score score 

12 2 
12 2 
12 2 
12 2 
11 1 

Onlyy the first sixtile of both groups with a methodology score above the mean is depicted. 

G.I.:G.I.: gastro-intestinal. 



withh peritonitis. A preliminary search of the literature retrieved only a mini-
mumm number of studies assessing outcome of relaparotomy only. We assumed 
thatt prognostic variables for ongoing abdominal infection are likely to be simi-
larr to prognostic variables for general outcome of a relaparotomy in patients 
withh secondary peritonitis. Therefore, studies assessing relaparotomy outcome 
ass well as studies assessing peritonitis outcome were included. A total of 76 
variabless were identified as potential prognosticators for ongoing abdominal 
infectionn and thus likely for outcome of a relaparotomy in patients with second-
aryy peritonitis. 

Manyy of the variables that have emerged in this study as being strongly pre-
dictivee for outcome of a relaparotomy are well known to surgeons. Examples are 
successfull  elimination of the source of the peritonitis (source control), upper 
G.I.. source of peritonitis, and chronic disease. In other words, maximum effort 
shouldd be undertaken to successfully eliminate the source of the peritonitis dur-
ingg the index operation to achieve a better outcome for the individual patient, a 
believee widely proclaimed in literature.-7^ Upper gastro-intestinal tract source 
off  peritonitis is associated with a high incidence of Candida cultures with an 
accompanyingg high mortality."*  However, other factors that are less dominant 
inn peritonitis literature have come forward in this study, such as the PaOJFiO, 
ratioo and albumin. The total set of 10 predictors showed promising results when 
theirr predictive power was tested on a retrospective dataset of secondary perito-
nitis.. The AUC from this model was good (AUC 0.75 for relaparotomy outcome) 
andd there was reasonable to good agreement between expected and observed 
probabilitiess of positive relaparotomies. Our dataset had inherent limitations 
duee to the retrospective nature of the data collection, the mix of surgical strate-
giess applied and the relatively small number of patients for prognostic research. 
Therefore,, confirmation of these results on a larger, prospective database is 
needed. . 

Thee methodology score used was constructed from 2 validated scores lM2 by 
selectingg items through group discussion and common sense. The inter-rater 
correlationn was within expected ranges. A study evaluating Chalmers1 score for 
methodologicall  quality showed that bias could not be ruled out when scoring 
(non-blinded)) studies."'4 For methodological assessment of studies a combina-
tionn of 2 scoring systems was used, one of which focuses on intervention in 
surgicall  patients.12 It is of note that scores used for statistical strength and the 
cumulativee assessment of an individual variable were non-validated. However, 
thee primary goal was selection of potentially meaningful variables with respect 
too prediction of ongoing abdominal sepsis. Weighting of statistical strength, 
validityy assessment and study methodology was perceived as a straightfor-
wardd method to rank the numerous variables assessed in a diversity of studies. 
Muchh effort was undertaken to limi t study selection bias by applying multiple 
searchh terms to multiple databases and performing cross-reference search. As 
inn any other review, there is the problem that studies with negative results are 
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Tablee 7. Observed and expected percentages for relaparotomy outcome. 

Decilee (n) Percentage Percentage 

Observedd expected 

1 1 
2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

(n=22 ) ) 

(n=22 ) ) 

(n=22 ) ) 

(n=22 ) ) 

(n=22 ) ) 

(n=22 ) ) 

(n=22 > > 

(n=22 | | 

(n=22 ) ) 

(n=21 ) ) 

5 5 

18 8 

5 5 

18 8 

23 3 

27 7 

36 6 

27 7 

64 4 

62 2 

6 6 

10 0 

13 3 

17 7 

22 2 

27 7 

30 0 

40 0 

49 9 

67 7 

lesss likely to be published, leading to publication bias. We discarded narrative 
revieww articles because they are generally considered to be of a low level of evi-
dencee according to the Center of Evidence Based Medicine (http://www.cebm. 
net/levell  s_of_evid e nee. asp). 

Clearly,, there is need for more high-quality studies in patients with second-
aryy peritonitis. A similar conclusion was made previously when performing a 
systematicc review of the literature for studies comparing the planned relapa-
rotomyy and relaparotomy on demand strategy in secondary peritonitis where 
noo randomised study was found.' Future studies should be aimed at develop-
mentt and validation of a relaparotomy score, for example aided by our rank-
ingg of variables from this review. Because outcome in secondary peritonitis is 
relatedd to the success of the operation, operative information and the postop-
erativee response (organ function) may need to be included in such a score. 4-is 

Althoughh such a scoring system should not replace the clinician's judgement, it 
maybee of additional support in the decisional dilemma for relaparotomy. Ideal 
individuall  variables of a scoring system or scoring index should be objective, 
readilyy measurable under routine conditions, simple and easy available, but 
alsoo reliable, specific for the function or the organ considered, independent 
off  the type of patient and independent of the therapeutic interventions.60* 2 

Suchh a 'relaparotomy score' should be easy and quick to calculate, must have a 
highh level of sensitivity as well as specificity and accuracy in prediction, good 
reproducibilityy and responsiveness.606' In particular a high sensitivity is impor-
tantt because withholding a necessary relaparotomy is probably worse than 
performingg a relaparotomy with negative findings. However, the percentage of 
negativee relaparotomies allowed is bounded by the consequences of surgery in 
ann already immunologically triggered patient, and the morbidity related to a 
relaparotomyy (e.g., increased risk of incisional hernia, risk of iatrogenic bowel 
lesions,, bleeding and fistula). Currently available scoring systems are not auto-
maticallyy applicable to patients with secondary peritonitis.63 Various existing 

http://www.cebm


scoringg systems that are validated in some settings measure patient's severity 
off  disease (APS and APACHE II, POSSUM) in general or of peritonitis in particular 
(MPI).. Other scoring systems measure severity or course of multiple organ fail-
uree as an outcome in critical illness (MODS, SOFA).f,0-fili64'6f' These scoring systems 
cann give a prognosis for survival and mortality and can describe a sequence of 
complicationss in the critically-ill . Unfortunately, such scores often lack infor-
mationn on operative findings such as peritonitis characteristics and the early 
postoperativee period. 

TwoTwo scoring systems, the Abdominal Re-operation Predictive Index (ARPI) and 
thee Prognostic Peritonitis Model (PPM), do comply with these criteria. However, 
neitherr 'surgical*  scoring system is sufficient to assess necessity for re-opera-
tionn in critically-il l patients with secondary peritonitis. The ARPI is used as a 
predictivee index to aid clinicians to decide whether to perform an abdominal 
re-operationn in the event of septic complications after elective non-infectious 
surgery.2ÜÜ However, this index has not been validated for patients who already 
hadd surgery for peritonitis. Moreover, it is not applicable to peritonitis patients 
onn the Intensive Care Unit, for these patients are often sedated and various 
variabless within this score, such as abdominal pain and change in conscience, 
cann not readily be assessed. The PPM in its current form supplies insufficient 
therapeuticc value for the individual patient, because it has not been adequately 
validatedd internally." 

CONCLUSIONS S 
Ourr review generated a hierarchy of variables that could play a role in the decision 
too perform a relaparotomy in secondary peritonitis. The top quartile of ranked 
variabless (10 variables) showed promising results in the discrimination between 
patientss having a positive and negative relaparotomy when tested on a peritoni-
tiss patient database as well as discrimination of patients who survived and died. 
Thesee variables were elimination of focus, concomitant disease, upper G.I. source 
off  peritonitis, generalised peritonitis, age, bilirubin, creatinine, lactate, PaOf/FiO, 
ratioo and albumin. Future studies aimed at developing a guideline or scoring sys-
temm that assist surgeons in their decision when to perform a relaparotomy in an 
onn demand relaparotomy strategy should consider these variables. 
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ABSTRACT T 

Objective Objective 
Thee decision if and when to perform a relaparotomy in secondary peritonitis is 
largelyy subjective and based on personal experience. No scoring system guides 
physicianss in this decisional process. Our aim was to search for variables that 
couldd differentiate between patients with and without positive findings at 
relaparotomy. . 

PatientsPatients and outcome 
AA cohort of 219 patients with secondary peritonitis in which an emergency 
laparotomyy was performed. Patients were classified as requiring relaparotomy 
(positivee findings at relaparotomy) and patients not requiring relaparotomy 
(negativee findings at relaparotomy or survival without relaparotomy). 

DataData extraction 
Dataa collection was retrospective, but outcome assessment was done independ-
entlyy by two assessors blinded for other clinical information. Successive pre-
dictionn models were built reflecting the accumulation of clinical information 
fromm the initial laparotomy onwards. We used logistic regression to determine 
thee strength of association between predictive factors and the outcome, while 
thee Area Under the ROC-curve (AUC) was used as a overall measure of the predic-
tivee capability of power of a model. 

Datoo synthesis 
AA relaparotomy (planned or on demand) for secondary peritonitis was per-
formedd in 117 out of 219 patients (53%), yielding either positive (n=62) or nega-
tivee (n=55) findings. Discrimination between patients with positive findings 
att relaparotomy (n=62) and patients with negative findings at relaparotomy 
(n=55)) or patients with uneventful clinical course without relaparotomy (n=102) 
improvedd gradually in successive models. The AUC for the model including only 
generall  patient characteristics was 0.60 (95% C.I. 0.52-0.68). Adding peritonitis-
relatedd variables to this model improved the AUC to 0.73 (95% C.I. 0.66-0.80), 
butt no further improvement was seen when operation-related variables were 
includedd (AUC 0.74; 95% C.I. 0.67-0.81). An expected relevant prediction improve-
mentt was observed when adding post-operative variables (AUC 0.87; 95% C.I. 
0.82-0.92).. Sensitivity and specificity in our final model was respectively 82% 
andd 76%. The total error rate was 16%. One preoperative predictor and five post-
operativee predictors significantly increased the need for relaparotomy: Younger 
age,, decreased hemoglobin levels, temperature >39 °C, lower PaO^/FiO, ratio, 
increasedd heart rate and increased sodium levels. 

Conclusions Conclusions 
Ourr study in a retrospective cohort revealed that the causes of the secondary 
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INTRODUCTIO NN s 

Differentt strategies and criteria are applied whether or not to perform a 1 
relaparotomyy in patients with secondary peritonitis. The criteria in a planned ~ 
relaparotomyy strategy are straightforward, i.e., relaparotomies are performed K 
att fixed time intervals irrespective of changess in the patients' clinical condition 1 
untill  no new findings or residual pathology are found. In a relaparotomy on "f 
demandd strategy, however, criteria for relaparotomy are neither uniform nor § 
accurate,, but depend largely on the applied definition by individual surgeons ,̂  
of'clinicall  deterioration' or 'lack of improvement'. No standardised criteria are 5 
availablee if and when to perform a relaparotomy in the on demand strategy. I; 

Thee decisional process to perform a relaparotomy in patients with secondary 2 
peritonitiss is difficult , except for the extremes. Patients with imperative indica- § 
tionss for relaparotomy or with evident clinical deterioration based on ongoing z_ 
abdominall  pathology are clear candidates for relaparotomy. In patients recov- s. 
eringg prosperously after the index operation with no adverse signs of ongoing ^ 
abdominall  infection, watchful waiting seems appropriate. The difficulty lies 3' 
withh patients between these two extremes. ^ 

Itt has been argued that performing too many negative relaparotomies is bet- =f 
terr than a positive autopsy, but nevertheless, a relaparotomy is not a benign S 
procedure.11 The decision when to perform a non-imperative relaparotomy is 5L 
basedd on clinical judgment but unfortunately also on a fair amount of subjec- 1 
tivee motivations, gut-feeling or may be peer-guided.- There is no scoring system | 
usingg clinical and laboratory data to quantify the likelihood of discovering posi- '2. 
tivee findings at relaparotomy after the index operation for patients with second- "s 
aryy peritonitis. § 

Thee objective of our study was to search for variables that can predict which g 
patientss wil l have positive findings at relaparotomy after an index laparotomy z 
forr secondary peritonitis. These variables can then be prospectively evaluated to 1 
obtainn a prediction rule to assist surgeons in decision making. .J 

MATERIA LL  AND METHOD S I 

Successivee prediction models were constructed to identify factors associated 
withh positive findings at relaparotomy in patients with secondary peritonitis. 
Eachh model reflects a different time point in the course of the disease and only 
incorporatess clinical information cumulatively available at that moment. The 
initiall  regression model included only general characteristics (model A). In the 
nextt model peritonitis variables were added (model B), followed by a model also 
includingg operation variables (model C). The final prediction model was com-
pletedd by adding significantly relevant postoperative variables (model D). 



II  Patient selection 
JJ Patients belonged to a retrospective cohort of 278 consecutive patients with 
|| secondary peritonitis requiring an emergency laparotomy at our university hos-
|| pital from January 1994 to January 2000.' Both the on-demand and the planned 
11 relaparotomy strategy were applied in this cohort. All patients were eligible, 
11 except patients with clear indications or contra-indications for relaparotomy 
~~ (Fig. 1). We excluded patients undergoing an imperative relaparotomy (n=22), 
%% patients in whom the medical team abstained from further surgical treat-
££ ment after the index operation because of poor overall prognosis (n=6), and 
pp patients with pancreatitis (n=10). Reasons for an imperative relaparotomy were: 
11 burst abdomen (n=3), necrotic enterostomy (n=5), evident faecal content in 
ii  the abdominal wound (n=l) or from the abdominal drain (n=2), enteral fistula 
JJ (n^l), persistent low haemoglobin caused by intra-abdominal bleeding (n=l), 
== intra-abdominal gauzes from the index laparotomy (n=6) or stapled off bowel 

loopss (n=3). Patients who underwent their relaparotomy > 7 days after the index 
laparotomyy (n=21) were also excluded. Radiological proven leakage, abscesses or 
colonicc necrosis (established during colonoscopy) were no reason for exclusion. 

Outcome Outcome 
Thee aim was to predict in which patients after the emergency operation a 
relaparotomyy would produce positive findings. Our prediction was limited to 
aa critical period within 7 days after the emergency relaparotomy. Positive find-
ingss at relaparotomy point to a new surgical problem or residual infectious 
pathologyy underlying ongoing abdominal sepsis. A negative relaparotomy was 
definedd as a relaparotomy for secondary peritonitis yielding neither new patho-
logyy nor residual infectious pathology, and were subsequently classified as 'no 
relaparotomyy necessary'. All patients who did not undergo a relaparotomy at all 
andd survived at least 2 weeks were also classified as 'no relaparotomy necessary'. 
Thee assumption was that if a relaparotomy would have been performed within 7 
dayss in these patients, the findings would be negative, since also during longer 
follow-upp no relaparotomy was indicated. Outcome assignment was performed 
independentlyy by 2 authors solely based on information derived from findings 
att relaparotomy. In case of disagreement, a panel decision was obtained involv-
ingg all authors. 

Thee goal of the prediction models was to discriminate between patients 
requiringg relaparotomy (n=62, with positive findings at relaparotomy) and those 
patientss not requiring relaparotomy (n=157, consisting of patients with nega-
tivee findings and patients with no relaparotomy). 

Predictors Predictors 
Potentiall  predictors were selected based on clinical reasoning and previous 
research.. Only variables that are routinely collected in these patients were con-
sidered.. The following sets of potential predictors were selected, each reflecting 



Figuree 1. Patient selection, actual surgical care and outcome assignment. 
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aa different time period in the follow-up. General patient characteristics includ-
edd gender, age, presence or history of malignancy, and the presence of chron-
icc diseases as defined in the Acute Physiology And Chronic Health Evaluation 
(APACHE)) II score.4 Information derived from the index operation included 
peritonitiss variables and operative variables. Peritonitis variables collected were 
focus,, etiology, type and extent of contamination. The extent of contamination 
off  the peritoneal cavity was considered diffuse or generalised when 2 or more 
quadrantss were contaminated. Operative variables collected were elimination 
off  the infectious focus, type of anastomosis, abdominal closure and time from 
indexx laparotomy to first relaparotomy. Elimination of the infectious focus was 
obtainedd from the operation report and was considered successful when the 
surgeonn described adequate source control at the end of the operation and in 
casee of a relaparotomy when the source was still eliminated. Unsuccessful elimi-
nationn was defined as no infectious focus found and treated or focus not defini-
tivelyy eliminated during the initial laparotomy. 

Thee following postoperative variables (laboratory and clinical variables) were 
considered:: The laboratory variables consisted of sodium, potassium, creatinine, 
bilirubin,, lactate, albumin, platelets, urea, hemoglobin, hematocrit, leukocytes 
andd arterial blood gas (pH, base excess and p02). Hematocrit was calculated as 
Jhemoglobin/20]]  when data were missing. Post-operative clinical variables includ-
edd body temperature, mean arterial pressure, heart rate, breathing frequency, 
PaCyFiOjj  ratio, positive end-expiratory pressure, pressure adjusted heart rate, 
centrall  venous pressure or right arterial pressure, inotropics, continuous veno-
venouss hemofiltration, 24-hour urine output, oral or enteral intake, defecation 
orr enterostomy production during 48 hours, acute abdominal pain, intensive 
caree unit stay (yes/no) and mechanical ventilation (yes/no). 

Forr patients who had a relaparotomy we used the worst values of the post-
operativee variables as measured in the 24-hour window before the decision to 
performm the relaparotomy. For patients who did not undergo a relaparotomy we 
usedd their worst values as measured in the period 48*72 hours after the initial 
(index)) operation. We chose this approach for two reasons. First, the vast major-
ityy of first relaparotomies occurred in this interval. Second, we avoided any 
advantagee to the model to discrimination between patients with a necessary 
relaparotomyy and those with an unnecessary relaparotomy, the latter including 
patientss without relaparotomy. 

Dataa on potential predictors were retrospectively collected using a case 
recordd form from patient charts and the in-hospital database containing opera-
tionn reports, laboratory data and mortality reports. Researchers were blinded 
forr findings at relaparotomy during data collection on predictors. In the few 
casess where a postoperative predictor was not measured once, the assumption 
wass made that this value would be normal. 



StatisticalStatistical methods 
Successivee binary logistic regression models were used to examine the strength 
off  association between clinical characteristics and positive findings at relaparo-
tomy.. To acknowledge the importance of time, successive models incorporated 
differentt pieces of clinical information that become available in chronological 
orderr during the course of the disease. The initial model only contained general 
characteristics,, model B contained general characteristics and peritonitis vari-
ables,, model C general characteristics, peritonitis and operation variables, and 
finallyfinally  model D (final prediction model) contained previous variable categories 
andd postoperative variables. 

InIn case of continuous predictors we used graphs to check whether the 
assumptionn of linear was met. For predictors showing clear non-linearity (tem-
perature,, pH, leucocytes, thrombocytes and base excess) we used clinically sensi-
blee cut-off values to obtain three categories; these were similar to the ones used 
inn ICU scoring systems such as the APACHE II score 4 and Sepsis-related Organ 
Failuree Assessment (SOFA) score.5 

Modell  building and model fit 
Logisticc regression models with odds ratios and 95 confidence intervals (95% CI) 
weree used to express the predictive strength of a variable. For each model except 
thee final model, only pre-specified predictors were included into model with-
outt further selection. Because of the large group of post-operative variables, a 
forwardd selection procedure was used to identify variables that improved the 
existingg model (including general patient, peritonitis, and operation variables) 
substantially.. Post-operative variables with a P-value of < 0.2 were added to the 
model.. The overall fit  of the different models was examined by graphing the 
Receiverr Operating Characteristic (ROC) curve and calculating the area under 
thee ROC-curve (AUC). The AUC is a single indicator of discriminative power, and 
itss value is the probability that a randomly chosen case (necessary relaparoto-
my)) has a higher logistic risk score than a randomly chosen control (not needing 
relaparotomy).. The perfect prediction model has an AUC of 1. Furthermore, we 
comparedd predicted and observed probabilities in 10 equally sized groups with 
ann increasing risk score (Homser-Lemeshow goodness of fit test). All statistical 
analysess were performed using SPSS software (version 11.5) for Windows (SPSS, 
Chicago,, II, USA). P values below 0.05 were considered statistically significant. 

RESULTS S 

StudyStudy population 
Thee study population consisted of 219 (56% male) patients with secondary peri-
tonitiss with a mean age of 57 D 16) years. The mean APACHE II score was 11 
(+SDD 7) and the mean MPI score was 24 D 8). One hundred and four patients 



(47%)) developed peritonitis from a focus in the lower digestive tract. The most 
frequentt cause of secondary peritonitis was perforation of the digestive tract 
(105/219;; 48%) followed by post-operative etiology such as anastomotic leakage. 
Onee hundred and thirty-four patients (61%) had a diffuse contamination of the 
abdomenn during the index laparotomy. Elimination of the infectious focus was 
achievedd in 90% (197/219) of patients. The abdominal wall could be closed at the 
endd of the index operation in 91% (200/219) of the patients. Furthermore, only 
12%% of all patients (26/219) received a primary anastomosis at index operation. 

Clinicall  course after relaparotomy 
Sixty-ninee percent of the patients (152/219) were treated according to a relapa-
rotomyy on demand strategy and 31% (67/219) underwent a planned relaparo-
tomyy as part of a planned strategy. In the actual follow-up of these patients, a 
relaparotomyy was performed in 53% (117/219) of patients. A relaparotomy with 
positivee findings was found in 28% of all patients (n=62) and in 53% (62/117) of 
patientss who underwent a relaparotomy (Figure I). The median time between 
thee emergency laparotomy for peritonitis and the first relaparotomy was 3.4 
days.. No new findings or residual infectious pathology were discovered during 
relaparotomyy in 55 patients (unnecessary relaparotomy) and 102 patients had 
noo relaparotomy and survived at least 7 days. Therefore, the task of the predic-
tionn models was to discriminate between patients with a positive relaparotomy 
(n=62)) from patients with a negative relaparotomy (n=55) or patients surviving 
withoutt a relaparotomy (n=102). 

Successivee prediction models 
Generall  patient characteristics only (model A) 

Thiss model included the variables age, gender, co-morbidity and malignancy 
(Table(Table 1). None of these predictors were significantly associated with positive 
findingss at relaparotomy. As a consequence this model had poor predictive 
powerr as highlighted by an area under the ROC-curve of 0.60 (95% CI 0.52-
0.68).. Surprisingly, higher age was associated with a lower odds for needing a 
relaparotomy,, although this relation was non-significant (odds ratio per 1 year 
incrementt OR 0.99; 95% CI 0.97-1.01; P= 0.155). 

GeneralGeneral characteristics and peritonitis variables (model B) 
Modell  B consisted of the same general variables with the addition of peritonitis 
variabless (Table 3). The peritonitis variables consisted of focus, aetiology, type and 
extentt of the contamination. The only significant predictor in this model was a 

Tabh'Tabh' l. potential factors predicting necessary relaparotomy in successive clinical models using odds 
ratiosratios (OR) with 95% confidence intervals (CI) to express the strength of association. Area under the 
ROC-curveROC-curve (AUG) is used as an overall indicator of the discriminative power of the model. 
Notes:Notes: Plus minus values are means  standard deviation; f odds ratio for 10-year age increment: 
N.LN.L not included. 



Tablee 1 Potential factors predicting necessary relaparotomy in successive 
clinicall  models 

147 7 

i f ff 3  Z Z O 
oo = a 2 
1;; tï -rl ~ 

^^ ï ï j 
SS E? 

33 a' * 

££ * 

£'3 3 

22 5' ~ 

cc = £ - ii  5 
; SS 3 

i - ^^^c^-^ : ^^  "5 ^ -S ^ ^ ^ . y ^ a ~& -*  ~& *y> ~& y -̂  ^ ^ -̂  -t Ĵ  ^ 
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diffusee abdominal contamination (odds ratio 2.80; 95% CI 1.30-6.04; P - 0.008). 
Typee of contamination as well as focus and aetiology of peritonitis were no sig-
nificantt predictors for outcome of a relaparotomy in this model. Again, none of 
thee general patient characteristics were statistically significant in model B. 

GeneralGeneral characteristics, peritonitis and operative variables (model C) 
InIn model C operative variables were added to model B. These variables consisted 
off  elimination of the infectious focus, abdominal closure and primary anasto-
mosiss (Table 1). None of the operative variables contributed significantly to the 
prediction.. A diffuse contamination (odds ratio 2.80; 95% CI 1.29-6.07; P = 0.009) 
remainedd the only significant predictor for positive findings at relaparotomy 
inn this model. Patients with ischemia as the cause of peritonitis had a more 
thann four times higher odds of requiring a relaparotomy than patients with 
perforationn as cause of peritonitis, but this association did not reach statistical 
significancee (P = 0.065). probably because of the small number of patients with 
ischemiaa (n=ll). 

PredictionPrediction model also including post-operative variables (model D) 
Thee final model included all general patient characteristics, peritonitis, opera-
tivee variables and those postoperative variables that significantly contributed 
too the prediction (forward selection with criterion P < 0.20). Five post-operative 
variabless were selected (Table 1), revealing that a positive relaparotomy was more 
likelyy in patients with a lower hemoglobin level (odds ratio 0.41 per 1 mmol/1 
decrease;; 95% CI 0.26-0.67; P < 0.001), a temperature >39 °C. (odds ratio 6.24; 
95%% CI 1.85-21.1; P - 0.003), a lower PaOi/Fi02 ratio (odds ratio 0.99 per mmHg 
decrease;; 95% CI 0.99-1.00; ], P = 0.007), a higher heart rate (odds ratio 1.02 per 
11 beat/min increase; 95% CI 1.01-1.04; P = 0.008) and higher serum sodium lev-
ell  (odds ratio 1.10 per 1 mmol/1 increase; 95% CI 1.02-1.18; P - 0.015). In this 
finalfinal model higher age associated with a lower odds for a positive relaparotomy 
reachedd significance (odds ratio per year increment 0.97; 95% CI 0.94-0.998; P = 
0.038).. However, all peritonitis and operative variables lost their statistical sig-
nificancee when post-operative variables were added to the model. This may indi-
catee that all underlying causes of relaparotomy result in similar biochemical 
reactionss in the body, either infectious responses or signs of organ failure. 

PredictivePredictive power and fit 
AA model solely based on general patient characteristics had poor predictive 
powerr with an AUC of only 0.60 (95% CI 0.52-0.68). Including peritonitis related 
variabless did improve the model considerably (rise in AUC from 0.60 to 0.73). 
Includingg operative variables did not improve the model any further (AUC 0.74). 
Ass expected, a significant improvement was observed when post-operative vari-
abless were added to the model {Fig. 2; AUC increased from 0.74 to 0.87; 95% CI 
0.82-0.92)) as they reflect more closely the patient's actual condition at the time 
off  the decision whether or not to operate. 



Figuree 2. ROC analysis of the successive logistic regression models. 
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Thee final model had good calibration as illustrated by the small differences 
betweenn predicted and observed probabilities of performing a necessary relapa-
rotomyy across the whole range of patients (Figure 3). The discriminative power of 
thiss final model is also visualized in this figure. The model assigns probabilities 
beloww 10% of requiring a relaparotomy in 38% (83/219) patients of the patients, 
andd in 14% of the patients a probability above 70% (30/219). These figures also 
illustratee that in a large group of patients a single moment prediction provides 
noo clear answer, implying that change over time may be a more accurate predic-
torr of relaparotomy outcome. The optimum sensitivity of the prediction model 
inn our patients was 82% with a specificity of 76%. The total error rate at was 
16%. . 

DISCUSSION N 
AA critical issue in the on demand strategy of patients with secondary peritonitis 
iss the decision if and when to perform a relaparotomy. We examined several 
clinicall  variables whether they could predict if a relaparotomy would reveal 
relevantt new findings. Our models show that directly after the index operation. 
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Figuree 3. Observed (black bars) versus expected (grey bars) probabilities of' 
necessaryy relaparotomies according to deciles of risk score from the final 
predictionn model D. 

(only)) two peritonitis-related variables were associated with positive findings at 
relaparotomy:: in particular a diffuse abdominal contamination, irrespective of 
thee type of contamination, and (non-significantly) ischemia as underlying cause 
forr the peritonitis. However, the overall predictive power of the model including 
clinicall  information known before or acquired during the emergency laparo-
tomyy was only moderate (AUC 0.73). None of the peritonitis variables remained 
significantt after postoperative variables were added to the model, implicating 
thatt information on the clinical course after the index operation is required to 
predictt whether patients wil l need a relaparotomy. Thus, these results illustrate 
thatt for similar intraoperative findings that characterise peritonitis different 
outcomess are possible that cannot easily be predicted merely by looking at peri-
tonitis-- and surgical characteristics. For adequate risk assessment the postopera-
tivee course has to be taken into account. 



151 1 

Predictionn of future relaparotomy findings is difficul t shortly after the index 
operation.. On the one hand, patients with perceived hazardous findings can 
recoverr without a relaparotomy or a planned relaparotomy may reveal no new 
orr active findings. On the other hand, 'straightforward' patients, for instance 
aa middle-aged person with a distinct focus of infection may run into problems 
andd wil l need a relaparotomy. Patients with minimal variable fluctuations at 
indexx laparotomy can have a positive relaparotomy, whereas hazardous findings 
att index laparotomy do not automatically imply that a relaparotomy is neces-
sary.. The postoperative period is therefore an important period for patients to 
recuperate,, depending on the patient's anti-inflammatory response capacity. 
Especiallyy parameters reflecting persistent infection leading to organ failure 
aree significant predictors for a positive relaparotomy. It does not mean that 
other,, non-significant variables do not play a critical role in the chain of events, 
butt they are overshadowed by the stronger significant postoperative variables 
thatt form a more or less final common pathway. This is also exemplified by the 
changee over time from model A to D, where postoperative variables suppress the 
earlierr variables. Following this line of reasoning, a relaparotomy on demand 
strategyy would be preferred over a planned relaparotomy strategy. An ongoing 
multicenterr randomised trial in the Netherlands comparing both strategies 
headd to head may supply the necessary data to sustain the present results. 

Surprisingly,, higher age was associated with a lower odds ratio for a positive 
relaparotomy.. Increasing age is generally regarded a risk factor for development 
off  complications, organ failure or even mortality by the treating medical team, 
duee to co-morbidity of these patients.^12 This may lead to a, either subconscious 
orr deliberate, lowering of the relaparotomy threshold for these patients after 
indexx laparotomy with a greater possibility of negative findings. For example, 
plannedd relaparotomies were performed more frequently in patients older than 
655 years. In other words, due to less rigorous selection criteria for relaparotomy 
inn older patients, the sensitivity for positive findings may be lower. Vice versa, 
youngerr patients are expected to have a more flexible physical reserve/ capacity 
thatt can counteract remnant intra-abdominal infection. This may well explain 
thee reciprocal relation between age and positive relaparotomy findings when 
testedd on an existing database were relaparotomy decisions were made based 
onn non-explicit and divers criteria. The majority of significant postoperative pre-
dictorss for a positive relaparotomy in patients with secondary peritonitis seem 
representativee of one (or more) organ failure(s). 

Inn a retrospective study 1 organ failing did not predict a positive relaparo-
tomy,, whereas three or more organs failing was associated with a positive re-
exploration.133 Increase in mortality was found to be associated with the increas-
ingg number of failed organs.n Multiple studies emphasise the poor prognosis 
off  patients with secondary peritonitis and multiple organ failure (MOF)9,l,11,s, 
andd urge for timely surgical intervention before signs of MOF emerge.10 M A low-
err PaO./FiO, ratio is likely to reflect respiratory failure. Respiratory failure has 



beenn previously been described as the most prominent organ failure leading to 
aa positive re-exploration (positive relaparotomy in 75% of patients with pulmo-
naryy failure).0 A higher body temperature9 as well as a higher heart rate may 
resemblee ongoing intra-abdominal sepsis, whereas elevated serum sodium lev-
elss may reflect excessive saline infusion, but can also be caused by a decreased 
glomerularr filtration rate (e.g., in renal failure). Additionally, it is known that 
differentt continuous renal replacement therapies may have a different effect 
onn serum sodium control.i y Hemoglobin as predictor may possibly reflect that 
patientss were suffering from clinically undetected intra-abdominal bleeding. 
Excessivee postoperative intra-abdominal bleeding wil l be accompanied by overt 
clinicall  symptoms and noted in an early stage, whereas slower undetected intra-
abdominal// retroperitoneal bleeding may worsen the patients' clinical condi-
tionn dramatically before intervention. In addition, decreased hemoglobin levels 
duee to bleeding from non-infected sites (peptic ulcer, lung, insertion sites of 
lines)) as part of deranged coagulation and fibrinolysis associated with dissimi-
natedd intravascular coagulation can be viewed as a reflection of ongoing intra-
abdominall  infection with multiple organ failure. Thus, increasing the likeli -
hoodd of positive findings at relaparotomy. 

Significantt variables from our model such as age, hemoglobin, heart rate, 
sodium,, and core temperature are also incorporated in the APACHE II score.4 In 
thee APACHE II score other general factors that determine overall prognosis (sur-
vivall  or mortality), such as the presence of co-morbidity and age, play a more 
prominentt role but seem to be less relevant in the prediction of positive find-
ingss at relaparotomy (see table I). The MODS-0 and SOFA score5 are sequential 
scoringg systems used to predict general outcome, namely mortality of patients 
withh sepsis, rather than the need for a relaparotomy in peritonitis. Variables in 
thee MODS and SOFA score reflect respiratory, renal, hepatic, cardiovascular, hae-
matologicall  and neurological organ impairment. The Pa02/Fi02 ratio included 
inn our prediction model is also incorporated in the MODS and SOFA score as res-
piratoryy variable. The Mannheim Peritonitis Index (MPI)2122 has been developed 
andd validated to predict the expected mortality rate for patients with secondary 
peritonitis,, and proved to be useful in this respect in our cohort of peritonitis 
patients.55 Pusajo et al.'1 developed the Abdominal Reoperation Predictive Index 
(ARPI)) as an index associated with a significant need for relaparotomy. It included 
88 factors: emergency surgery, ileus from the third day postoperatively onwards, 
woundd infection and respiratory and renal failure, but also the less well-defined 
variabless of abdominal pain, consciousness alterations and 'symptoms' appear-
ingg from the 4't] day after the index operation. Importantly, this index has been 
developedd for patients with symptoms after elective abdominal surgery for a 
non-infectiouss reason. The ARPI has not been validated in other comparable 
patientt groups, thus failed to gain general acceptance in the care of patients 
withh secondary peritonitis despite calls to do so.24 The Prognostic Peritonitis 
Modell  (PPM) was developed by multivariate analysis on a large, multinational 
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cohortt of patients with secondary peritonitis.25 It recognises the importance of 
factorss related to the early postoperative period. Potential shortcomings of the 
PPMM are that it incorporates another scoring system (Goris score) and that the 
PPMM modulates in-hospital mortality rather than outcome of relaparotomy. 

Theree are a few key issues in prognostic research.-5 First, the study popula-
tionn should be representative for the clinical prediction at hand. In this study 
wee used a consecutive cohort of patients undergoing an emergency laparotomy 
att a university hospital as our starting point. We excluded patients in whom 
predictionn was not an issue, because there were either imperative reasons to 
performm a relaparotomy or external reasons not to perform a relaparotomy (e.g., 
poorr general health). A second requirement for a useful prognostic model is 
thatt it should discriminate between patients who wil l need a relaparotomy (e.g. 
aa relaparotomy producing positive findings) and patients that survive without 
relaparotomy.. From a methodological perspective, the ideal study would have 
beenn a cohort in which relaparotomy is postponed as long as possible, so that 
alll  relaparotomies would lead to positive findings. Such a cohort does not exist 
forr obvious ethical reasons. Thus it is inevitable that in secondary peritonitis 
studiess patients wil l be operated in an earlier phase, leading to patients with 
'minor'' positive findings that might have recovered without relaparotomy. We 
usedd common-sense criteria and clinical reasoning to define positive relapa-
rotomy.. Another option would have been to analyse only those patients that 
havee been actually operated upon. Within this subgroup we could have applied 
uniformm criteria to define the outcome. However, because of the mix of surgi-
call  strategies it would be a poor-defined, heterogeneous subgroup of patients 
producingg results that have poor generalis ability. Therefore, we used the expe-
riencee of the whole cohort by making a best judgment whether relaparotomy 
wouldd have produced positive findings in each patient. Importantly, differential 
misclassificationn of the outcome was avoided by blinding the assessors for the 
statuss of any of the predictors during the adjudication process. A third issue in 
prognosticc research is the choice and measurement of potential predictors. Our 
studyy relied on retrospective data collection, which could lead to more miss-
ingg values or less accurate measurements compared to dedicated, prospective 
dataa collection." However, we considered only readily available predictors, so 
thee problem of missing data was minimal. One inherent difficulty of our study 
wass the determination of the predictor status of patients that did not need a 
relaparotomy.. Unfortunately, we had no information at what time point during 
thee course of disease the issue of whether or not to perform a relaparotomy in 
aa particular this patient was most urgent, otherwise we would have chosen the 
valuess of the set of predictors at that time. Our best deduction was to choose the 
worstt values of the predictors in the period where the dilemma of relaparotomy 
wass most likely. 

Too be useful in clinical practice, a prediction model in secondary peritonitis 
shouldd be able to identify high risk patients in time (on a timely basis). It is inap-



propriatee to wait until the clinical condition deteriorates to such an extent that 
aa 100% chance on a positive relaparotomy occurs. It is considered less hazardous 
too perform a relaparotomy in a patient with a negative abdomen than not to per-
formm a relaparotomy in a patient with a positive abdomen, although perform-
ingg too many negative relaparotomies should be avoided.1 Whether performing 
aa necessary relaparotomy influences the patient's outcome in a positive way 
andd whether the outcome would have been different when this relaparotomy 
wouldd not have been performed remains a matter of debate. We found that 
markerss indicating ongoing infection and impaired vital organ functions were 
thee strongest predictors of positive relaparotomy. There is abundant evidence 
thatt (multiple) organ failure is strongly related to adverse outcome (mortality). 
AA change in values over time of these predictors could have been more use-
full  than absolute values, but our retrospective data collection did not permit 
suchh an analysis. Clearly, our prediction model needs to be validated, modified 
wheree necessary, and fine-tuned in a prospective study. This should be a large 
studyy where data collection takes place at regular intervals over time, including 
bothh patients treated with an on-demand strategy and a planned strategy. Clear 
criteriaa should be used in the selection of the initial strategy, and ideally this 
validationn should take place within a randomised trial comparing both strate-
gies.. However, even a prospectively validated prediction model wil l not replace 
thee treating multidisciplinary team taking care of the critically-il l patient giv-
enn the complexity of underlying conditions, but it can hopefully assist clini-
call  decision making. Additional imaging techniques to demonstrate ongoing 
abdominall  infection can further pinpoint the selection of patients requiring 
relaparotomy. . 

CONCLUSIONS S 

Ourr analysis of a retrospective cohort revealed that the early postoperative peri-
odd provides the most relevant clues whether a patient wil l need a relaparotomy. 
Planningg of a relaparotomy based on findings at the index laparotomy without 
incorporatingg knowledge about the early postoperative host response may be 
lesss preferable than an on demand strategy. A clinical prediction model incor-
paratingg the identified postoperative parameters could assist the medical team 
byy quantifying the subjective feeling or clinical experience within the team. 
However,, before the results of our model could be used, the model needs to 
bee validated and modified where necessary in a prospective dataset of patients 
withh secondary peritonitis. 
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ABSTRACTT I 

IntroductionIntroduction g 
Chronicc pancreatitis is characterised by pancreatic exocrine and endocrine r 
dysfunction,, resulting in intractable abdominal pain. Drainage of the pancre- g 
aticc duct has effect on exocrine and endocrine pancreatic function. The aim % 
off  this study was to investigate whether early surgical drainage of pancreatic It 
ductt obstruction leads to a better recovery of pancreatic function compared to | 
latee surgical drainage in an experimental porcine model of chronic obstructive r^ 
pancreatitis.. r 

MethodsMethods | 
Twenty-onee female piglets (25- 30 kg. body weight) underwent pancreatic duct -J 
ligationn followed by a longitudinal pancreatic-jejunostomy after 3 ('early drain- | 
age',, n=7) and 6 ('late drainage', n=9) weeks and terminated after 6 weeks drain- |. 
age.. The third group (chronic pancreatitis (CP) controls, n=5) was ligated for 12 ~ 
weekss without drainage procedure. Animals were weighed weekly. Peroperative ^ 
pancreaticc excision biopsies were semiquantitavely assessed. Pancreatic exocrine | 
(pancreaticc secretion of lipase and amylase, 24-hour faecal chymotrypsin levels, Z 
fatt balance) and endocrine parameters (glucose tolerance test) were assessed. §. 

Results Results 
Meann pancreatic duct pressure after the assigned ligation period for the early 
andd late drainage group (24.6  13.1 and 29.2 + 6.9 mmHg, respectively) were sig-
nificantlyy higher than prior to drainage (7.5  2.8 mmHg; P < 0.001). The obstruc-
tivee pancreatitis histology score showed a significant rise after ligation for the 
earlyy drainage, late drainage and CP control group, with reversibility of histol-
ogyy grade only for the early drainage group after drainage (P = 0.005). The early 
drainagee group had a higher weekly weight increase after drainage than before 
(PP = 0.05}, while the late drainage group showed similar weight increases before 
andd after drainage (P = 0.8}. Pancreatic secretion of amylase and lipase was sig-
nificantlyy restored after early surgical drainage (P = 0.003 and P = 0.048, respec-
tively,, versus late drainage). For lipase, excretion levels after early drainage were 
evenn restored to near baseline pre-ligation levels. Pancreatic endocrine function 
measuredd by glucose tolerance test showed no insufficiency at all time points 
forr both groups in this model. 

Conclusions Conclusions 
InIn this model of early versus late surgical drainage of obstructive pancreatitis his-
tologyy grades and pancreatic exocrine function showed reversibility for the early 
drainagee group as opposed to no reversibility of the late drainage group. When 
thesee results are extrapolated to the clinical situation this would mean that early 
surgicall  drainage may be more benecifial for patients with chronic pancreatitis 
requiringg interventional treatment than drainage in end-stage disease. 



11 INTRODUCTIO N 
ii  Chronic pancreatitis (CP) is a progressive disease characterised by histopatho-
-II  logical destruction of pancreatic parenchyma due to a chronic fibrosing type of 
•>> pancreatic inflammation. Clinically, CP is characterised by disabling abdominal 
|| pain, progressive loss of pancreatic exocrine and eventually endocrine function, 
~~ and complications due to involvement of surrounding organs or cyst formation. 
'§>> The disease can lead to professional, social and psychological impairment. 
BB General conservative treatment of CP consists of health advice, analgesics 

IEE and enzyme substitution. After years of failing medical interventions, an endo-
11 scopic or surgical procedure is recommended to relieve complaints, in par-
pp ticular when obstruction of the pancreatic duct due to stenosis or stones has 
|| been demonstrated. The most commonly used surgical drainage procedure in 
== CP is a lateral pancreaticojejunostomy (PJ) or modified Puestow procedure.1 -J 

Thee endoscopic approach is less invasive and is claimed to provide comparable 
painn reduction. Up to 25-50% of the endoscopically treated patients may need a 
laparotomyy thereafter for recurrent duct obstruction.4 5 

Generallyy the most important indication for endoscopic or surgical drain
agee in chronic pancreatitis is persistent abdominal pain. Although abdominal 
painn in most patients can be adequately relieved after either endoscopic (up to 
66%)) or surgical (up to 80%) drainage the continuing destruction of the pancre
aticc glandular tissue may not be prevented by the decompression of the dilated 
pancreaticc duct.6 7 This destruction eventually leads to severe exocrine and even
tuallyy to endocrine pancreatic insufficiency. In a few studies, however, effects 
onn exocrine and endocrine pancreatic function of drainage procedures are sug
gested.. Considering ongoing pancreatic dysfunction an earlier intervention 
(drainage)) has been proposed.*9 There are studies suggesting that early surgical 
interventionn is warranted for CP, in order to preserve pancreatic function or 
reducee pancreatic dysfunction.10 

Recently,, a reliable and reproducible experimental model of CP by pancreat
icc duct ligation was developed in large animals with potential for surgical drain
agee procedures.11 The histopathological changes as well as the exocrine secre
toryy changes between control groups and ligated groups were demonstrated. 
Thee aim of the present study was to investigate whether early surgical drainage 
off pancreatic duct obstruction leads to a better recovery of histology and pan
creaticc exocrine function compared to late surgical drainage in an experimental 
modell of obstructive pancreatitis in piglets. 

MATERIA LL  AND METHOD S 

AnimalAnimal procedures 
Twenty-onee female piglets (age 6-10 weeks, 25- 30 kg. body weight) underwent 
ligationn of the pancreatic duct. The first group ('early drainage', n=7> was drained 
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Chapterr 8 - page 149 - Figure 2. ROC analysis of the successive logistic 
regressionn models. 
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byy a pancreaticojejunostomy (PJ) after 3 weeks of ligation. The second group 
('latee drainage', n=9) was drained by a PJ after 6 weeks of ligation. Both groups 
underwentt termination 6 weeks after the drainage procedure. The third group 
(CPP controls. n=5) was left ligated for 12 weeks without drainage procedure. 

Alll animals were kept under standardised conditions according to the guide
liness of the animal care facility. The experiment was approved by the institution
all Animal Experiment Committee. Antibiotic prophylaxis consisted of Mandol 
(cefamandoll 1 gram i.v.) during surgery and Albipen (Ampicilline 15 mg/kg i.m.) 
att a 48 hr interval for 6 days. Postoperatively the animals were given food mixed 
withh water until bowel function returned to normal. Thereafter, dosed portions 
off 1.5 kg standardised food was given daily and weight was measured weekly. Six 
weekss after drainage (both drainage groups) or 12 weeks after ligation (controls) 
thee animals were terminated with 60-90 mmol KG i.v. 

Premedicationn consisted of Ketamine (10 mg/kg), Dormicum (1 mg/kg) and 
Atropinee (0.1 mg/5kg). Oxygen, air (ratio 1.5: 3) and Isoflurane (1 -1.5%) gas were 
administratedd via an endotracheal tube. Sufenta forte (7 Mg/kg/hr) and Ketamine 
(77 mg/kg/hr) were administrated via a pump-system. Analgesia was achieved by 
Sufentanill (100 pg/ 30 kg) and muscle relaxation by Pavulon (Pancuronium 4 
mg/hr).. Buprenorphine (0.01 mg/kg) and Finadyne (1 ml/25 kg) were used to pre
ventt postoperative pain. Ringers Lactate was used for intravenous fluid substitu
tion.. Vital parameters (temperature, heart rate, fluid balance, oxygen saturation 
andd C02) were assessed during the animals' anaesthesia. A venous access route 
wass gained via cannulation of the cephalic vein. 

InIn all animals an upper midline laparotomy was performed. During the first 
operationn the pancreatic duct was identified in its extra-pancreatic and extra-
duodenall course and was subsequently cannulated with a 22 Gauge catheter 
(0.88 x 0.25 mm Venflon, Becton Dickinson, Sweden) connected to a calibrated 
manometer.. The pancreatic intraductal pressure was measured followed by 
stimulationn of the pancreas secretion (see next section). After stimulation of 
thee pancreas and removal of the catheter, a double Vicryl 4-0 suture was placed 
aroundd the pancreatic duct. The serosal connection between duodenum and 
thee right part of the pancreas was left intact. During the second operation ani
malss in the early and late drainage groups underwent a lateral PJ or modified 
Puestoww procedure according to Partington and Rochelle.' The dilated pancre
aticc duct was incised over 1.5-2.0 cm in the body part of the pancreas and anasto
mosedd to the first jejunal segment approximately 30 - 40 cm after the ligament 
off Treitz. Omentum was situated over de anastomosis before abdominal closure. 
Pancreaticc excision biopsies were taken during the drainage operation and sub
sequentlyy at termination in a standardised fashion. 

Exocrinee parameters 
LipaseLipase and amylase 
Pancreaticc secretion was stimulated by administrating cholecystokinin (1 CU/ 
kgg i.v.. Sigma, St. Louise, MO, USA) and secretin (1 CLJ/kg i.v., Sigma) before PD 



ligationn and also 3 or 6 weeks after ligation. The course of pancreatic exocrine 
secretionn (secreted volume) and the activity level of alpha-amylase and lipase 
weree followed in time for 40 minutes after stimulation. Amylase activity was 
measuredd by spectrophotometry (P-Unit multi analyzer, Roche Diagnostics, 
Mannheim,, Germany) using p-nitrophenyHG^-alpha.D-maltoheptaoside at 37°C 
(AMYL,, Roche Diagnostics, Mannheim, Germany). Lipase activity was measured 
byy photometry using the chromogenic substrate l,2-0-dilauryl-rac-glycero-3-glu-
taricc acid-(-6-methylresorufin) ester emulgated in bile acid in the presence of 
co-lipase,, which exclusively activates pancreatic lipase (LIP, Roche Diagnostics, 
Mannheim,, Germany). After pancreas stimulation, enzyme activities (IU/1) were 
relatedd to the total secreted volume (ml) and thus expressed as IU activity per 
ml. . 

Chymotrypsin Chymotrypsin 
Chymotrypsinn level was assessed in 24-hour faeces collected pre-operatively 
(beforee ligation or drainage procedure) using Chymotrypsin monotest reagen-
skitt (Roche Diagnostics, Mannheim, Germany). The enzyme was extracted from 
faecall particles by special extraction tubes and solvent. After centrifuging the 
supernatantt was analysed by Cobas Fara II centrifugal analyser. Homogenised 
faecess (100 mg) was mixed with 10 ml Chymo solvent (Roche Diagnostics) for 2 
minutes,, vortexed for 2 minutes, and then centrifuged for 5 minutes at 5000 
RPM.. From the supernatant 100 pi was used for the measurement of chymot
rypsinn activity. The chymo buffer / substrate (4 ml) was added to the supernatant 
andd the mixture was finally analysed by Cobas Fara II centrifugal analyser. The 
increasee in extinction per minute was calculated by Cobas Fara II. The mini
mumm detection-level was 1.0 U/g. 

FatFat balance 
Faecess collected during 24 hours pre-operatively (before ligation or drainage 
procedures)) was homogenised in water and mixed. Twenty grams of the homog
enisedd suspension was weighed and 100 ml alcoholic hydroxide mixture (80 ml 
off mixture of [IL ethanol 96% and 4 ml caprylalcohol], added with 20 ml KOH 
33%)) was added. This mixture was heated (100°C) in a back-flow cooler for 20 
minutes.. After cooling down 40 ml HC1 25% was added to the mixture. Next, 
500 ml petroleum ether was added and the new mixture was thoroughly shak
en.. When both fractions had been divided the petroleum ether-layer could be 
removed.. Ten ml petroleum ether-layer was damped and 10 ml neutralised alco
holl and 3 drops of the thymolblue-indicator were added. NaOHO.lN was tittered 
untill the colour turned blue. 

Endocrinee parameters 
GlucoseGlucose tolerance test 
InIn all pigs glucose tolerance tests were performed at the beginning of all liga-



tionn or drainage operations. Glucose (0.5 g/kg) was administered as 40% w/v ster
ilee solution i.v.. Blood samples were collected at fixed time intervals (0, 5, 10, 
20,, 30, 60, 90 and 120 minutes) from the venous access route for determination 
off glucose levels in plasma in sodium fluoride containing tubes (Gluco-quant 
Glucose/Hexokinase,, Roche Diagnostics. Germany). 

Histopathology Histopathology 
Pancreaticc excision biopsies were taken during the drainage operation (corpus 
off the pancreas) and subsequently at termination (caput, corpus and tail of the 
pancreas)) in a standardised fashion. The excision biopsies were immediately 
fixedd in formaldehyde (4% w/v), paraffin embedded and processed to 4 pm paraf
finn sections slides. For general assessment of CP sections they were stained with 
haematoxylinn and eosin (HE). Histological grading was adapted from previously 
describedd literature.V1 

Briefly,, histological grading was assessed as follows: 0 resembled no CP, 1: 
slightt CP, 2; Moderate CP and 3: severe CP. The following parameters were used 
forr assessmentt of CP: Fibrose (none, slight, severe), atrophy, i.e. loss of acini (none, 
moderate,, severe), degree of inflammatory cell infiltration (none, mild, severe) 
andd ductalar metaplasia (none, mild, severe) was semiquantatively assessed. 
Scoringg was performed blinded for type of ligation and/or drainage procedure. 

Statisticall analysis 
Afterr confirmation of parametric data distribution, paired Student t-test for 
analysess of matched data (within one animal before and after ligation) was per
formed.. For data with a non-parametric distribution Wilcoxon signed rank test 
forr matched pairs was used. Means are expressed with standard deviation (  SD). 
AA P-value <0.05 was considered significant. 

RESULTS S 

Histopathology Histopathology 
Afterr ligation the pancreas macroscopically showed marked reduction of pancre
aticc parenchyma and strongly dilated and fibrotic pancreatic duct tissue filled 
withh clear pancreatic juice. Histopathology grades are depicted in Figure 1. After 
thee assigned ligation period the early (3 week ligation mean 2.7  0.5) and late 
(66 week ligation mean 2.9  0.4) group showed a significantly (P = 0.015 and P = 
0.010.. respectively) higher histological grade than normal pancreatic tissue (all 
gradee 0), consistent with a more advanced stage of CP. After a period of 6 weeks 
drainagee by lateral PJ histology grades for the early drained animals all showed 
significantt reversibility of pancreatic histopathologic changes (P = 0.005) as com
paredd to histology grades before drainage. The histology grades of the late drain
agee group were comparable to their pre-drainage grades and to CP controls (P = 
0.66 and P = 0.9, respectively). 
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Figuree J. Histology g?-«di?ig. Both the early (3 week ligation) and late (6 week ligation) group showed 
aa significantly higher histological grade than normal pancreatic tissue. After 6 weeks drainage 
histologyhistology grades for the early group all animals showed regression of pancreatic histopathologic 
changeschanges (I' = 0.005). The histology grade's of the late drainage group were comparable to their pre-
drainagedrainage grades (P = 0.6). Mean normal pancreatic histology grade: 0. Mean CP control histology 
gradegrade 2.9  0.4. 

Thee different histological grades of obstructive pancreatitis are exemplified 
inn Figure 2. The normal porcine pancreas showed well constructed acinar struc
turess without fibrosis or inflammatory cell infiltration (Fig.2.A). After 3 weeks 
ligationn (Fig.2.Bl) an increase in fibrosis and Tcell infiltration was encountered 
andd the acinar structures were diminished but still recognisable. The early 
drainagee group (Fig.2.B2) showed, 6 weeks after drainage, regression of pan
creatitiss histological features in the form of increase of pancreatic acini and 
decreasee of fibrosis and inflammatory cells. After 6 weeks ligation (Fig.2.Cl) fibro
siss and T cell infiltration are evident with complete loss of pancreatic acini. Six 
weekss drainage (late drainage group) did not restore physiological pancreatic 
histologicall features (fig.2.C.2). Finally, Fig.2.D shows histology of piglets ligated 
forr the duration of 12 weeks with hardly recognisable pancreatic histological 
characteristics. . 



Figuree 2. Different grades of porcine chronic obstructive pancreatitis stained 
withh haematoxylin and eosin (H&E) 
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Differentt grades of porcine chronic obstructive pancreatitis stained with haematoxylin and eosin 

(H&E):(H&E):  normal pancreatic tissue (A), after 3 weeks ligation (Bl) and 3 weeks ligation plus 6 weeks 

drainagedrainage (B2), after 6 weeks ligation (CI), after 6 weeks ligation plus 6 weeks drainage (C2) and after 

1212 weeks ligation (D). See page 195 for colour illustrations 



Figuree 3. Mean pancreatic duct pressure. 

Inductall pressure 

DifferenceDifference in mean duct pressure after 3 and 6 weeks of ligation was not significant. 

PancreaticPancreatic ductal pressure 

Thee mean pancreatic intraductal pressure of normal pancreatic ducts just before 
ligationn (7.5 (  2.8) mmHg) was significantly lower than after 3 weeks (24.6  13.1 
mmHg,, P < 0.001) and 6 weeks (29.2  6.9 mmHg, P < 0.001) of pancreatic duct 
ligationn (Figure 3). There was no statistical difference in pancreatic intraductal 
pressuree between 3 and 6 weeks of ligation (P = 0.383). In the CP piglets after 
122 weeks of ligation the mean pancreatic intraductal pressure was 30.3  4.7 
mmHgg (P = 0.007 in comparison to baseline). Pancreatic intraductal pressure 
afterr drainage was not measured because of anatomical alterations following 
thee constructed PJ, where pancreatic intraductal pressure equals intra-jejunal 
pressure. . 

Weight Weight 
Thee mean increase in weight prior to drainage was comparable in the early 
andd late group (2.5 (  0.5) and 2.8 (  1.0) kg/week, respectively, P = 0.8; data not 
shown).. After the drainage procedure the early group showed an increase to 4.4 
(  1.7) kg/week that just failed to reach statistical significance (P = 0.05). For the 
latee group the weight gain per week after drainage remained comparable with 
priorr to drainage (2.9 (  0.5) kg/week, P = 0.9 versus pre-drainage). The CP con
trolss showed a mean weight gain of 3.3 (  1.2) kg/week after 12 weeks of ligation. 



Figuree 4. Amylase (IU/ml) levels depicted for early and late drainage groups. 
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AmylaseAmylase (lUlml) levels depicted for early and hue drainage groups. A significant drop after ligation 
isis seen for both early and late drained animals (P = 0.028 and P = 0.012, respectively). Both groups 
riserise after the drainage procedure but the increase in amylase levels is significantly higher for the 
earlyearly drainage group compared to the late drainage group (P = 0.003). 

nott significantly different than the early (P = 0.2) and late (P = 0.5) group before 
drainage. . 

Functionall parameters 
PancreaticPancreatic secretion of amylase 
FigureFigure 4 shows the amylase levels in preoperative collected pancreatic juice for 
bothh the early and late drainage group after pancreatic stimulation with cho-
lecystokininn and secretin. At the first operation (baseline, before duct ligation) 
meann values for the early (46895  15693 IU/ ml) and late (39798  12209 IU/ml) 
drainagee group were comparable (P = 0.7). Both in the early drainage and the 
latee drainage group amylase levels decreased significantly after 3 weeks (P = 
0.028)) and 6 weeks (P = 0.028) of ligation compared to baseline. After the drain
agee procedure mean values for the early group and returned to baseline values 
(baselinee versus post-PJ: P = 0.2) [Figure 4). In contrast, in the late drainage group 
amylasee levels did not return to baseline levels after the drainage procedure, 
butt remained significantly decreased compared to baseline (baseline versus 
post-PJ:: P = 0.043, Figure 4). In addition, mean post-PJ amylase levels for the early 
drainagee group were significantly higher than those of the late drainage group 
(PP = 0.003). 

PancreaticPancreatic secretion of lipase 
Figuree 5 depicts lipase levels in collected pancreatic juice after stimulation for 
thee early and late drainage group. Again, baseline values before ligation for the 
earlyy and late drainage group were comparable (P = 0.5). In the early drainage 
groupp lipase levels after 3 weeks of ligation were significantly lower than levels 
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Figuree 5. Lipase (IU/rnl) levels depicted for early and late drainage groups. 
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AfterAfter ligation lipase levels decreased significantly for both early and late groups (P = 0.028 and P 
== 0.02S, respectively). For the early drainage group levels returned to baseline values after surgical 
drainagedrainage and showed significantly higher levels after drainage than the lale drainage group (P = 
0.048). 0.048). 

beforee ligation (P = 0.028) and returned to baseline values after the drainage 
proceduree (baseline versus post-PJ: P = 0.9). In the late drainage group stimu
latedd lipase levels at baseline dropped significantly after 6 weeks of ligation (P 
==  0.028) and did not return to baseline levels after the drainage procedure (P = 
0.088 versus baseline) (Fig. 5.). More importantly, lipase values after the assigned 
drainagee period were significantly higher in the early drainage group as com
paredd to the late drainage group (P = 0.048). 

FaecalFaecal chymotrypsin levels 
Meann baseline chymotrypsin levels were 3.1 (  2.1) U/g. The chymotrypsin lev
elss were theoretically expected to be zero after successful ligation of the pan
creaticc duct. However, the minimum detection level of the assay was 1.0 U/g. 
Exceptt for post PJ time point of the early ligation group all groups were below 
detectionn level (P < 0.001 versus baseline levels). Chymotrypsin levels in the 
earlyy drainage group were indeed detectable after drainage with a mean of 1.5 
(  0.8) U/g, but remained significantly lower than baseline levels (P = 0.009). 

FatFat balance 
Fatt in faeces collected in 24 hours prior to surgery as percentage of the daily 
intakee for each group is shown in Figure fi. Mean baseline percentage fat was 
2.0%% (  0.5). The mean percentage of fat in the early group before drainage 
wass significantly higher than baseline (4.0%. P = 0.002), and returned to levels 
comparablee to baseline after 6 weeks of drainage (2.7%  1.8; P = 0.7 versus 
baseline).. Surprisingly, the late groups mean fat percentages were not signifi-
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Figuree 6. Fat contents of faeces collected 24 hours prior to the operation as 
percentagee of the daily supplied intake for each group. 

%% fat of total faeces 

7.5-1 1 

5.0--

2.5--

MeanMean baseline-percentage fat was 2.0%  0.5). The mean percentage of fat in the early pre-P] group 
waswas significantly higher than baseline (4.0%, P = 0.002), and returns to comparable baseline levels 
afterafter 6 weeks of drainage (2.7%  1.8). Por the late pre- and post-P] groups mean fat percentages 
werewere comparable to baseline levels (2.8% and 2.4%), respectively). 'Hit' CP controls were 1.9%  0.5 
(comparable(comparable to baseline levels (P = 0.9) 

cantlyy increased 6 weeks after ligation compared to baseline levels (2.8%  0.9, P 
== 0.06). Therefore, also after drainage these levels were comparable to baseline. 
Thee same applied to the fat balance in CP controls that were comparable to base
linee levels (1.9%  0.5, P = 0.9) 

GlucoseGlucose tolerance test 
Glucosee tolerance test results are shown in Figure 7 for the early drainage, late 
drainagee and the CP control group. Mean serum glucose levels before ligation 
forr the early and late group were comparable (3.0 and 3.7 mmol/1, respectively). 
Afterr glucose administration serum glucose levels rose sharply within 5 minutes 
andd gradually returned to normal values after 90-120 minutes. For both groups 
serumm glucose levels rose to a higher maximum level after ligation which was 
alsoo seen after drainage. There were no differences in the glucose tolerance test 
forr the early and late group. None of the piglets showed signs of pancreatic 
endocrinee malfunction. 
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Glucosee Tolerance Test: late drainage group 
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Figuree 7.C. 
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FigureFigure 7. Glucose Tolerance Test of the early drainage (7.A), late drainage (73) and control group (7.C) 

DISCUSSION N 
Drainagee of the pancreatic duct in patients with chronic pancreatitis frequently 
relievess the disabling abdominal pain. We wanted to evaluate whether an ear
lierr surgical drainage of the obstructed pancreatic duct would lead to a better 
recoveryy of histology and pancreatic exocrine dysfunction compared to late sur
gicall drainage in an experimental model of obstructive pancreatitis in piglets. 
Thiss experimental obstructive pancreatitis model shows the typical histological 
characteristicss of obstructive pancreatitis as is encountered in humans with CP, 
withh identical impaired pancreatic exocrine function and unchanged endocrine 
function."" Remarkably, after the surgical drainage procedure, animals in the 
earlierr drainage group showed reversibility of histological and exocrine pancre
aticc function for early drained piglets in a histological proven stage of obstruc
tivee CP. Histologically, fibrosis, inflammatory (predominantly T-) cell infiltration 
ass well as loss of pancreatic acinar structures was found characteristic of chron
icc pancreatitis." ,J The histological grading showed significant reversibility for 
thee earlier drained animals in contrast with no reversibility of the late drained 
animals.. For pancreatic exocrine function marked decrease of lipase and amy
lasee in pancreatic juice was seen after ligation for both groups, whereas only 
thee early drained group showed clear reversibility to pre-ligation levels. 



Otherr parameters showed less prominent distinction between both drainage 
groups.. As expected, pancreatic endocrine function (as measured by the glu
cosee tolerance test) was preserved for both the early and late drained animals, 
probablyy due to longstanding preservation of Islets of Langerhans until end-
stagee fibrosis in CP. This is in concordance with published literature and clini
call course where patients develop diabetes in a relatively late stage of the dis
ease.. The weekly weight measurement revealed that the early drained animals 
thrivee more progressively after drainage, whereas no increase in weight gain 
wass seen for the late drained animals. Noteworthy is that we did not observe sig
nificantt differences between both groups in the assessed faecal parameters. In 
otherr words, the improvement in exocrine function after early drainage did not 
clearlyy translate into normalised faecal fat percentages. This may be explained 
byy the use of standard food without surplus fat enrichment, thus, no clear fat 
challenge.. Moreover, in this experiment food intake may have been variable 
betweenn animals although standardisation of intake was applied. Furthermore, 
244 hour collection of faeces has a relative large margin for sampling error with 
respectt to the number of animals in the experiment. 

Surgicall or endoscopic drainage in patients with chronic pancreatitis and 
intractablee abdominal pain is generally performed in a late stage of the disease, 
forr beneficial effects of conservative treatment are first awaited. When conserva
tivee treatment fails, interventional treatment for obstructive CP consists pri
marilyy of endoscopic drainage since the beginning of the 1980-ies. Endoscopic 
drainagee of the pancreatic duct by gastroenterologists is successful in 25-66% 
forr relief of pain symptoms\ although patients often undergo multiple stent 
(re-)) placements to relieve pain symptoms. Patients not responding to endoscop
icc treatment will eventually be referred to surgeons as candidates for surgical 
treatment.. Success percentages (with respect to pain relief) of drainage via a PJ 
aree between 60 to maximally 80%.u 

Itt has been demonstrated in a feline model of CP that due to the exten
sivee fibrosis and the development of a fibrotic capsula, activation of the gland 
(duringg secretion) results in increased parenchymal pressure together with 
decreasedd blood flow.H Decompression of the parenchyma by lateral PJ restores 
thee parenchymal pressure and the blood flow to normal values. This mecha
nismm known as a pancreatic compartment syndrome is likely to play a role in 
thee still not clearly understood mechanism of pain in CP.14 The beneficial effect 
off a PJ in patients with CP should then possibly be attributed to decompression 
off the parenchyma rather than actual drainage of the pancreatic duct. The suc
cesss of a longitudinal V-shaped excision of the ventral pancreas in the absence 
off duct dilatation in humans, as recently described by Izbicki et ah, underlines 
thiss hypothesis.'^ Also, experimental models of CP directly comparing the surgi
call and endoscopic drainage modality have shown that surgical pancreatic duct 
drainagee was more effective in decreasing pancreatic interstitial pressure and 
increasingg pancreatic blood flow than stenting of the pancreatic duct."' A ran-



domisedd trial of surgical versus endoscopic drainage for CP showed a beneficial 
effectt on long-term pain outcome for surgery over endoscopic stenting.1" 

InIn the present model the pigs did not seem to develop pain due to the induced 
pancreatitis.. The pigs did not show any sign of pain, such as inactivity, arched 
backk and anorexia. Thus, pain could not be used as a parameter of success of 
drainage.. Moreover, in animals subjective parameters such as pain intensity are 
nott suitable as a reliable outcome measure. However, histologically as well as 
functionally,, a clear chronic obstructive pancreatitis was indeed induced. 

Laterall PJ should lead to a delay of progressive loss of exocrine function 
inn patients with CP.8 In clinical studies, Nealon et al. have advocated an ear
lierr surgical drainage policy before the development of irreversible functional 
impairment,, based on the finding that decompression via pancreaticojejunos-
tomyy delayed exocrine function impairment.sy In a feline model of obstructive 
pancreatitiss it was shown that both morphologic characteristics and exocrine 
functionn recover after reanastomosis of the obstructed pancreatic duct.1" Future 
experimentall studies in this large animal model of chronic pancreatitis could 
includee comparison of surgical versus endoscopic drainage of the pancreatic 
ductt to confirm the results of Reber et all(l  indicating that surgical drainage of 
thee PD is more effective than endoscopic drainage. Even more interesting would 
bee to assess whether after endoscopic (i.e. pancreatic duct) drainage regenera
tionn is less than after surgical (i.e. parenchymal) drainage. 

Ann earlier initiated surgical drainage of the obstructed pancreas via a lateral 
PJJ during the course of the disease may reverse histopathological changes in CP 
andd pancreatic exocrine dysfunction as opposed to a surgical drainage proce
duree performed in a later stage of the disease. However, until today, limitation 
off functional loss is not an indication for surgical decompression of the pancre
aticc parenchyma. By applying endoscopic stenting as a first line of treatment in 
patientss with CP, surgery may be avoided in some patients but is only postponed 
inn a substantial percentage of patients. Thus, surgical intervention is frequently 
postponedd to a late stage of the disease. Theoretical benefit from drainage via 
surgeryy with respect to pancreatic exocrine function is missed due to unfavour
ablee patient selection. An earlier surgical intervention may lead to a higher suc
cesss percentage not only on pain relief but also on reduction of development 
off CP-related complications such as exocrine insufficiency. Patient selection for 
earlyy surgical drainage as opposed to primary or extended endoscopic drainage 
needss further investigation. 
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ABSTRACT T 

Inn chronic pancreatitis, metaplastic conversion of ductal epithelium is associated 
withh an increased risk of neoplasia. The elevated risk of pancreatic cancers urges 
aa valuable marker for early detection of acinar-to-ductal metaplasia in the setting 
off chronic pancreatitis. Here we show that matrix metalIoproteinase-7 (MMP-7) 
iss expressed in metaplastic ductal cells and in pancreatic juice in a pig model 
forr chronic, obstructive pancreatitis. MMP-7 expression in pancreatic juice was 
foundd to by highly correlative to disease severity. MMP-7 levels showed a very 
strongg negative correlation with both amylase and lipase levels in juice. These 
dataa suggest that quantisation of MMP-7 in pancreatic j uice has the potential to 
bee a strong diagnostic marker for the diseased pancreas, either when considered 
alonee or in the context of other markers. 



ff  INTRODUCTIO N 

|| Chronic pancreatitis (CP), with a prevalence of 50-75 patients per 100.000 inhab-
-|| itants and incidence of 6-7 per 100.000 per year, leads to professional, social 
'SS and psychological impairment. In patients with CP the risk of pancreatic can-
== cer is significantly elevated. The cumulative risk of pancreatic cancer 20 years 
~~ after the diagnosis of pancreatitis is 4 percent.1 Despite technical refinements of 
'Ï55 imaging modalities such as CT and MRI, the diagnosis of CP remains often dif-
BB heult. The secretin-pancreozymin test (SPT) represents the gold standard for the 
cc evaluation of exocrine pancreatic function.' However, this test is time-consum-
II ing, invasive and requires special laboratory equipment and, therefore, is only 
PP used in specialised gastroenterological centres. The elevated risk of pancreatic 
SS cancer in patients with CP urges a valuable marker for early detection of pan-
== creatitis and acinar-to-ductal metaplasia in the setting of chronic pancreatitis.1 

Wee previously developed a porcine model of obstructive pancreatitis, show
ingg the typical histological characteristics of human chronic pancreatitis, such 
ass stellate cell proliferation, increased collagen deposition, acinar-to-ductal 
metaplasia,, and T-lymphocyte infiltration.4 Exocrine function, i.e. juice secre
tionn as well as lipase and amylase production upon pancreas stimulation with 
secretin-pancreozymin,, is severely impaired after a period of 4-8 weeks of pan
creaticc duct ligation in this model. At the same time, endocrine function is 
unchanged,, as shown by intact glucose tolerance. This animal model allows the 
studyy of early phenomena in the development of chronic pancreatitis. 

Matrixx metalloproteinase-7 (MMP-7, matrilysin, EC 3.4.24.23) is a zinc depend
entt endopeptidase expressed commonly in well-differentiated remodelling glan
dularr epithelial tissue and in benign tumours of a variety of glandular tissues.5 

MMP-77 is not expressed in the adult pancreas, but is found at high frequency 
inn pancreatic cancer patients in precancerous and metaplastic epithelium. In 
chronicc pancreatitis, MMP-7 is expressed exclusively in the metaplastic ductal 
epitheliumm and has been shown to regulate acinar cell apoptosis through prote
olyticc release of its pro-apoptotic molecule Fas ligand/1 The frequency and level 
off MMP-7 expression in CP raises the possibility that MMP-7 could be a useful 
diagnosticc marker for CP. 

Heree we used the porcine model of chronic obstructive pancreatitis to show 
thatt MMP-7 protein is present at high levels in pancreatic juice from pigs with 
pancreatitis.. Our data suggest that MMP-7 may be a valuable marker for early 
detectionn in pancreatic juice of acinar-to-ductal metaplasia in the setting of pan
creatitis.. High MMP-7 levels correlate to the severity of pancreatitis and relate 
inverselyy to the levels of acinar cell enzymes lipase and amylase. We propose 
thatt rising levels of MMP-7 provide a useful positive marker for CP, particularly 
whenn complemented with the falling levels of acinar cell enzymes. 
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MATERIA LL  AND METHODS = 
•p •p 

Thee experiments were conducted after approval of the Animal Experiment z 
Committeee of the University of Amsterdam at the Academic Medical Center | 
(protocoll BEX30 and BEX59). Ten female piglets (age 6-10 weeks, 20-30 kg body 1 
weight)) underwent pancreatic duct ligation (PDL) under full anaesthesia and ~ 
weree followed for a ligation period of 3 weeks (n=4), 6 weeks (n=3) or 12 weeks | 
(n=l).. Two healthy female piglets of comparable age and weight served as | 
controlss for normal weight gain and normal pancreatic tissue. 2_ 

AnimalAnimal procedures | 
Thee animals were kept understandardised conditions, accordingto the guidelines s. 
off the animal care facility. Anesthesia was induced with Ketamine (10 mg/kg § 
bwt,, i.m.), Clonidine (6 ug /kg bwt, i.m.) and Atropine (0.02 mg/kg bwt, i.m.). | 
Ann endotracheal tube was placed for maintenance of anesthesia by ventilation £. 
withh OJair (both 2 1/min) and halothane (1-1.5%). Analgesia was achieved with % 
aa bolus of Sufentanil (4 pg/kg bwt every 45 min, i.v.) and muscle relaxation (if J_ 
needed)) with Pavulon (Pancuronium, 0.1 mg/kg bwt, i.v.). Postoperative pain was if 
preventedd by administration of Buprenorphine {0.01 mg/kg, one bolus i.m.) and S. 
Finadynee (3 mg/kg bwt, i.m.) on the day of surgery and one day post operative. -g 

Ann upper midline laparotomy was performed in all ten animals. The PD was | 
identifiedd in its extra-pancreatic and extraduodenal course and was subsequent- | 
lyy cannulated with a catheter (22GA, 0.8 x 0.25 mm Venflon, Becton Dickinson, 
Sweden)) and connected to a manometer. After measurement of the intraductal 
pressuree and completion of the function tests (approx. 30 min after secretion 
hadd stopped), the duct was ligated with a double suture (Vicryl 4-0) but not tran
sected.. The serosal connection between duodenum and the pancreas was left 
intact.. The animals received one bolus of Mandol during surgery (cefamandol 
11 gram i.v.) and standard post-operative antibiotic prophylaxis with ampicil-
Hnee (Clamoxyl L.A. 15 mg /kg body weight i.m. at day 2, 4 and 6 post opera
tive).. Postoperatively the animals were allowed free access to food and water. 
Afterr 3, 6 and 12 weeks of PDL respectively, a second laparotomy was performed 
underr general anesthesia. Intraductal pressure was measured and a total pan
createctomyy was performed. Animals were terminated with 60-90 mmol KC1 i.v.. 
Pancreaticc tissue was collected and fixed in 4% (w/v) formaldehyde. 

Too obtain pancreatic juice, secretion was stimulated with cholecystokinin (1 
CU/kg,, Sigma, St. Louis, MO, USA) and secretin (lCU/kg, Sigma) before PDL and 
afterr 3-6 weeks of ligation. The collected juice was frozen immediately in liquid 
nitrogenn and stored at -80°C until further use. For analysis of MMP-7 levels 
inn the circulation, blood samples were collected in heparin-containing tubes 
beforee and after PDL, centrifuged to obtain plasma and stored at -80°C. 



ProteinProtein Extraction and Immunoblotting 
MMP-77 protein was measured in pancreatic juice and blood plasma by western 
blottingg as described before.6 

Forr protein analysis, samples from pancreatic head and tail were minced 
andd solubilised in lysis buffer (50 mM Tris, pH 7.5, 100 mM NaCl, and 0.5% NP-
400 supplemented with complete protease inhibitor tablets (Roche Molecular 
Biochemicals,, Indianapolis, IN). Insoluble debris was removed by centrifugation 
andd protein concentrations were determined by the Bradford assay (Bio-Rad 
Laboratories,, Hercules, CA). 8 ug of total protein per lane were loaded, resolved 
onn SDS-12% polyacrylamide gels and transferred to nitrocellulose membrane. 
Blotss were blocked in 5% milk in Tris-buffered saline with 0.05% Tween-20 (TBST) 
andd incubated with rabbit polyclonal anti-MMP-7 antibody 7 diluted 1:200. The 
membraness were washed in TBST and probed with biotin-conj ugated species-spe
cificc secondary antibodies (Jackson Laboratories). After washing in TBST, blots 
weree probed with horseradish peroxidase conjugated streptavidin and washed 
inn TBST. Immune complexes were visualised using the ECL kit (Amersham Life 
Science,, Buckinghamshire, England) and exposed to autoradiograph film. To 
confirmm equivalent protein loading, blots were stained for total protein in a 
solutionn of 0.1% Fast Green FCF (Sigma, St. Louis, MO), 20% methanol, and 5% 
aceticc acid solution. 

Immunohistochemistry Immunohistochemistry 
Porcinee normal pancreas and pancreatitis samples were formalin fixed, embed
dedd in paraffin and cut to 4 |jm sections. Immunohistochemical analysis was 
performedd as previously described using rat monoclonal anti-MMP-7, an anti
bodyy that recognises both pro- and active forms of MMP-7 as primary antibodies 
att 1:50.* For general assessment of chronic pancreatitis sections were stained 
withh haematoxylin and eosin (HE). 

RESULTS S 

Owingg primarily to the size and anatomy of the pig pancreas, which allows a 
precisee ligation of the main pancreatic duct and the similarity of the pig pan
creass to the human organ, the porcine model of chronic pancreatitis provides 
aa very clean system in which we can follow the progression of the disease state. 
Ass such, we followed MMP-7 expression by immunohistochemical analysis at 
threee time points post ligation and found that, in severe cases of pancreati
tis,, MMP-7 expression looks very similar to human and mouse pancreatitis 6 in 
thatt MMP-7 is specifically confined to the metaplastic ducts and is not found in 
thee fibrotic stroma or the inflammatory infiltrates {fig. la). At 6 weeks. MMP-7 
wass expressed wherever metaplastic ducts had formed in all of the pancreata 
examined.. However, at 3 weeks post ligation, we found distinct areas of acinar 



Figuree IA. MMP-7 expression (both pro- and active forms) in acinar cells and 

metaplasticc ducts. 
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pancreaticpancreatic duct ligation (PDL); (E,F) severe pancreatitis after \2 weeks of PDL n, neural tissue; 
a,a, arteriole; d, ductule; i, islet of Langerhans; m, metaplastic lesions; v. venule. Arrows show 
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colourcolour illustrations 
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Ib.. MMP-7 cxpi'i'ssioM i» the acinar cells after 3 weeks of ligation before overt appearance of meta-
plasticplastic duct cells. See page 196 for colour illustrations 

celll staining for MMP-7 suggesting, for the first time, that MMP-7 expression 
initiatess in the acinar cells, preceding the overt appearance of metaplastic duct 
cellss {fig. lb). This may explain, in part, the apparent circular observation that 
MMP-77 is expressed by metaplastic ducts, but also regulates the formation of 
metaplasticc ducts. 

Thee high frequency with which we observed MMP-7 in the porcine model 
suggestedd that MMP-7 may provide a powerful diagnostic marker for disease 
initiationn or progression. Immunohistochemical data have often suggested that 
althoughh MMP-7 is a member of a matrix-degrading family of enzymes, it is in 
factt lumenally secreted. Supporting this notion, in culture, polarised cell lines 
thatt express MMP-7 secrete it to the apical surface.'' Based on the assumption 
thatt MMP-7 was lumenally secreted in the diseased pancreas, we collected pan
creaticc juice from unligated and ligated pigs and analysed the juice by western 
blott {fig. 2). 

Inn double-blind studies, the level of MMP-7 was defined qualitatively by 
timee of exposure, a procedure normalised by inclusion of the same high-level 
expressorr on each blot. Within each experiment, linear auto-radiographic expo
suress were obtained and quantitated by densitometry. The high level expressor 
wass set at 100% and the other samples defined by which 20"' percentile the 
sampless fell into. As such, 0 was defined as undetectable MMP-7, 1 was 1-20% of 
control,, 2 was 21-40%, 3 was 41-60%. 4 was 61-80% and 5 was 81-100%. of control. 
Pancreatitiss severity was scored in H&E -stained sections with respect to mani
festationn of connective tissue, tubular metaplasia and lymphocyte infiltration. 
Scoress added up to 3 for severe, 2 for moderate, 1 for very mild and 0 for no pan
creatitis.. After unblinding, data were compared by ANOVA analysis and MMP-7 



Figuree 2 

Pro-MMP-7 7 

Activee MMP-7 

ExampleExample of immunoblot for MMP-7 expression in pancreatic juice collected before and after ductal 
ligationligation showing both the pro (27 kDa, upper row) and active (18 kDa, bottom row) forms of MMP-7. 
PancreaticPancreatic juice samples were randomly loaded onto the gel and blotted. 0, before ligation; 6, after 
66 weeks ligation; 12, after 12 weeks ligation. 
NoteworthyNoteworthy is the absence of MMP-7 in the juice of a pig (labeled 0') after 12 weeks of unsuccessful 
ligation.ligation. Both functional testing, morphological and histological examination classified this 
pancreaspancreas as healthy and free of pancreatitis. Absence of MMP-7 in juice is in accordance with our 
classification. classification. 

Figuree 3 
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MMP-77 levels in pancreatic juice shows a strong correlation with pancreatitis progression as 
scoredscored in tissue sections (compared by ANOVA, P <0.0001). Only full length pro-MMP-7 (27 kDa) was 
quantitated. quantitated. 
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expressionn in pancreatic juice was found to by highly correlative to pancreatitis 
severityy (P <0.0001, jig. 3). 

Nextt we compared the levels of MMP-7 (level 0-5) to quantitative levels of 
amylasee and lipase, enzymes normally expressed by healthy acinar cells. As 
acinarr cells disappear by apoptosis or transdifferentiation, amylase and lipase 
levelss drop as well, making them strong negative correlates to disease progres
sion.. Compared by logarithmic regression, MMP-7 levels showed a very strong 
negativee correlation with both amylase (P <0.0001, fig. 4A) and lipase (P <0.0001, 
fig.fig. 4R). These data suggest that quantification of MMP-7 will prove a strong diag
nosticc marker for the diseased pancreas, either when considered alone or in the 
contextt of other markers. 

|| DISCUSSION 

Wee used a model of obstructive pancreatitis ! to show that MMP-7 protein is 
presentt at high levels in pancreatic juice from pigs with pancreatitis. We 
suggestt MMP-7 may be a valuable marker for early detection of acinar-to-ductal 
metaplasiaa in the setting of human chronic, obstructive pancreatitis. 

Figuree 4A 
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MMP-77 protein lewis show a strong negative correlation with (A) amylase and (B) lipase activities 
(U/L)(U/L) in pancreatic juice of pigs with chronic pancreatitis. Only full length pro-MMP-7 {27 kDa) was 
quantquant it a ted. 
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InIn gastrointestinal epithelium, metaplastic conversion between predomi
nantt cell types is associated with an increased risk of neoplasia. It was recently 
shownn that MMP-7 is expressed not only in 98% of human pancreatic ductal ade
nocarcinomaa specimens, but also in the majority of human pancreatic intraepi
theliall neoplasia (PanIN) and metaplastic duct lesions in human and mouse.6 

Inn normal porcine pancreas and normal pancreatic juice, MMP-7 protein is 
eitherr undetectable or occasionally present at very low levels. MMP-7 was gener
allyy noL found in the normal ductal epithelium, but after PDL the histological 
normall ducts are responding to the pancreatitis fairly robustly with high MMP-
77 levels, even after 3 weeks of PDL. We found strong MMP-7 expression in meta
plasticc epithelium, but not in the fibrotic or inflamed areas within the porcine 
pancreas.. Our observations suggest that MMP-7 levels in tissue rise in the acinar 
cellss prior to the onset of metaplasia. It is unclear what might be initiating 
thee expression. One of the mechanisms proposed for regulation of metaplastic 
transitionss in adult epithelia involves cleavage of Fas-ligand by MMP-7, which 
initiatess acinar cell apoptosis. We did not observe nuclear fragmentation much 
andd if existent, it was not associated with high levels of MMP-7 staining. Trypsin 
iss also one of the promising candidate activators of MMP-7 protease activity in 
vivo.100 Most likely there are other still unidentified substrates that influence 
metaplasiaa and this issue warrants further study. 

Withh respect to the site of secretion, MMP-7 is clearly stained at the apical 
aspectt of the cell in a normal ductal structure, suggesting that MMP-7 should 
bee secreted in the pancreatic juice. However, in the metaplastic ductal epithelia, 

Figuree 4B 
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MMP-77 seems to be less localised in any polar fashion. This may be suggestive 
off the cells themselves being less polar. Also, this suggests that in the diseased 
state,, MMP-7 is not only secreted into the pancreatic juice but also in the blood. 
Thiss prompted us to test MMP-7 levels in plasma to show that MMP-7 might be 
aa marker of early pancreatitis. Unfortunately, the anti-MMP-7 antibody used in 
westernn blotting failed to detect specific levels of MMP-7 protein in plasma due 
too unacceptably high background in normal blood control samples. This meth
odologicall misfortune neither confirms nor contradicts the presence of MMP-7 
inn the blood circualation in CP. It should be noted that existing ELISA assays that 
cann detect MMP-7 in human serum do not recognise the porcine MMP-7 ortho-
logue,, thus these technical complications should not hamper future human 
studiess for MMP-7 in pancreatitis patients. 

Obviously,, we have not seen progression to cancer in our model of PDL in 
pigss within the relatively short time of observation. Both MMP-7 and gelatinase 
B/typee IV collagenase (MMP-9) are expressed in tumour tissues.!1-u It has been 
suggestedd that MMP-7 and MMP-9 may regulate new blood vessel formation by 
cleavingg plasminogen and generating angiostatin fragments.15 Because ang-
iogenesiss is essential for tumour growth, this angiostatin-con vert ing enzyme 
activityy has severe implications for the role of MMP-7 in tumour growth and 
metastasis. . 

Thee surgical method for induction of (chronic) pancreatitis, shows good sim
ilarityy to human disease compared to any of the transgenic or chemical induc
tionn models/1 MMP-7 should be valuable as a marker of early chronic pancreatitis 
inn humans. We find that 6 weeks PDL results in histological clearly defined pan
creatitiss with up to 50% acinar-to-ductal metaplasia. At this time, non-invasive 
testss only show a mild decrease in exocrine function and a good endocrine func
tion,, as in humans up to a certain point in the diseased At the same time, MMP-
77 levels in pancreatic juice were increased, indicating that MMP-7 levels are a 
sensitivee parameter for early pancreatitis with acinar-to-ductal metaplasia. 

Thee outcome of our study may have wide implications. The gene for MMP-
77 was recently identified as mediator of pulmonary fibrosis while increased 
expressionn of the protein was found in fibrotic lungs.14 MMP-7 knockout mice 
weree dramatically protected from both pulmonary fibrosis H and pancreatitis 
withh pancreatic fibrosis/' Ongoing studies in the mouse suggest that the use of 
MMPP inhibitors may be a promising treatment for halting the progression of 
pancreatitiss (personal observations). Reversion of the disease is currently under 
investigation.. Ideally, patients that already have chronic pancreatitis and aci
nar-to-ductall metaplasia could be treated. 
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ABSTRACT T 

Threee patients, a 44-year-old schizophrenic woman and two men aged 54 and 
422 years, presented with dyspnoea. A pancreaticopleural fistula, i.e. a fistulous 
tractt between pancreas and pleural cavity, was diagnosed as a complication of 
pancreatitis.. In general these fistulas have a favourable prognosis, but delay in 
makingg the correct diagnosis negatively influences the prognosis. This is often 
duee to unfamiliarity with the disease or to the non-specific clinical presentation 
off pleural effusion. Patients usually show respiratory symptoms such as dysp
noeaa and coughing (due to pleural effusion) and occasional epigastric pain. The 
diagnosiss is made when elevated pleural effusion amylase levels are demonstrat
ed.. Surgical treatment is indicated only when conservative or endoscopic treat
mentt fails. Either the fistula is resected with drainage of the pancreatic duct via 
aa lateral pancreaticojejunostomy or the part of the pancreas where the fistula 
originatess is resected. The first patient underwent surgical drainage of the fluid 
accumulation,, but died of aspiration pneumonia after she had removed the 
feedingg tube and refused further treatment. The two other patients unevent
fullyy recovered after pancreatic resection. 
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ff  INTRODUCTIO N 

EE Pleural effusion can be caused by various diseases, based on either a transuda-
-II tive (cardiac failure) or an exudative effusion (infection, rheumatoid arthritis, 
11 malignancies). One of the possible causes of pleural effusion is a pancreatrop
icc leural fistula, which is rare but can be treated once recognised. The symptoms of 
~~ patients with a pancreaticopleural fistula are atypical; therefore delay in estab-
£•• lishing the correct diagnosis is common. We illustrate this with three cases and 
££ a review of the literature. With a simple test this rare cause of often encoun-
== tered pleural effusion can be diagnosed early and treated successfully. 

11 PATIENT S 

Patientt A, a 44-years-old schizophrenic woman with a history of pancreatitis as 
welll as alcohol and nicotine abuse was admitted elsewhere and referred to the 
AMCC with progressive dyspnoea and epigastric pain with nausea and vomiting. 
Physicall examination revealed a woman with dyspnoea, elevated central venous 
pressuree and diminished left thoracic breathing sounds. Auscultation revealed a 
leftt parasternal bruit and pericardial rubbing. The abdomen showed diffuse ten
derness.. With 3 litres O,, the patient's saturation was 96% and the arterial pO, 
10.66 kPa. The chest X-ray showed a large quantity of left-sided pleural effusion. 
Apartt from a raised serum leukocyte count of 18.7 x 109/1 (normal values 4.2-10.6) 
andd serum amylase of 392 U/l (normal values 0-220}, the laboratory findings 
weree normal. Abdominal and thoracic CT scan showed a pancreatic pseudocyst 
withh large quantities of pleural and pericardial effusion. Because the patient 
sufferedd from progressive respiratory insufficiency and haemodynamic instabil
ityy caused by cardiac tamponade mini-thoracotomy and operative drainage of 
thee pericardial effusion was imperative. Pericardial and pleural drains were left 
inin situ. In view of the abnormal abdominal CTscan, the turbid pleural effusion 
wass analysed for amylase levels (4.000 U/l, normal values 0-220 U/l). The pericar
diall effusion amylase level was not determined. The patient was transferred to 
thee Intensive Care. Her clinical condition gradually improved with respiratory 
andd vaso-active support. Fifteen days after admission, she could be return to the 
primaryy hospital where she died of aspiration pneumonia, after she refused 
furtherr medical treatment and removed the feeding tube herself. 

Patientt B, a 54-years-old man with a history of excessive alcohol intake and 
pancreatitiss presented with weight loss, general malaise, dyspnoea and cough
ingg up of brown sputum. Physical examination showed an ill, dyspnoeic man 
withh tachycardia (140 beats/min.) and low oxygen saturation level (86%). The left 
sidee of the thorax showed diminished breathing sounds and percussion. The 
abdomenn showed no rebound tenderness upon palpation. Chest x-ray showed 



Chapterr 9 - page 167 - Figure 2. Different grades of porcine chronic 

obstructivee pancreatitis stained with haematoxylin and eosin (H&E) 

DifferentDifferent grades of porcine chronic obstructive pancreatitis stained with haematoxylin and eosin 

(H&E):(H&E):  normal pancreatic tissue (A), after 3 weeks ligation (El) and 3 weeks ligation plus 6 weeks 

drainagedrainage (B2), after 6 weeks ligation (Cl), after 6 weeks ligation plus 6 weeks drainage (C2) and after 

1212 weeks ligation (D). 
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majorr pleural effusion (Fig.1). Pleural fluid (>1400 cc) drained by thoracocente
siss contained some leukocytes, but no bacteria or malignant cells. The levels 
off serum amylase (216 U/l, normal values 0-220) and pleural effusion amylase 
(110.0000 U/l) were consistent with the presence of a pancreaticopleural fistula. 
Thee abdominal CT scan showed a large pancreatic pseudocyst (diameter 6.0 cm) 
whichh was drained percutaneously. Endoscopic retrograde cholangiopancrea-
ticographyy (ERCP) did not establish the diagnosis of pancreaticopleural fistula, 
butt the fistula was confirmed by magnetic resonance cholangiopancreaticogra-
phyy (MRCP). Because endoscopic drainage and stenting of the pancreatic duct 
wass unsuccessful, a surgical approach was initiated. During laparotomy a fis
tulaa was found in the area of the pancreatic corpus and tail. Macros cop ically, 
thee pancreas parenchyma showed clear alterations consistent with chronic pan
creatitis.. The pancreatic tail was resected with transection of the fistulous tract 
adjacentt to the pancreas. Lateral pancreaticojejunostomy in the pancreatic cor
puss region established enteral drainage. The postoperative course was unevent
full and the patient could be discharged in a good clinical condition two weeks 
postoperatively.. After two years, he had no complaints, a healthy appetite and a 
normall bodyweight. 

Patientt C was a 42-years-old man with a history of chronic pancreatitis caused 
byy alcohol abuse. Since two years he complained of progressive and persistent 
epigastricc pain with nausea and weight loss. At the time a CT scan showed peri-
pancreaticc infiltration up to the liver region and predominantly located crani-
allyy and ventrally of the pancreas. One year after the onset of symptoms, he was 
hospitalisedd twice elsewhere because of pneumonia with atelectasis of the right 
lowerr lobe and pleural effusion. After referral to the AMC the right-sided pleural 
effusionn disappeared, but the left-sided pleural effusion recurred. Because of 
thee patient's history, the pleural effusion amylase level was determined (33.600 
U/l,, no bacteria) which confirmed the diagnosis of pancreaticopleural fistula. 
Painn persisted during conservative treatment. An MRCP showed a cyst in the 
regionn of the pancreatic tail (diameter 2.5 cm) surrounded by several smaller 
fluidd collections. A fistulous tract cranially from the pancreatic tail region split 
att the gastro-oesophageal junction into two separate tracts to the right and to 
thee left pleural cavity (Fig. 2). Surgical treatment was initiated eight months after 
thee diagnosis of pancreaticopleural fistula was made and conservative therapy 
failed.. Laparotomy identified a fistula at the junction of pancreatic corpus and 
taill and a large incisure of the pancreatic parenchyma caused by rupture of the 
pancreaticc duct at the origin of the fistula (Fig. 3). A partial pancreatectomy with 
splenectomyy was performed. The postoperative course was uneventful and the 
patientt could be discharged in a good clinical condition on the 7th postopera
tivee day. 
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Figuree 1. Chest X-ray (patient B) showing major left-sided and some right-sid
edd pleural effusion. 

DISCUSSION N 
Dyspnoeaa due to pleural effusion is a frequently encountered anomaly in clini
call practice with an extensive differential diagnosis. When embarking on drain
agee of pleural effusion without a clear cause, the recommendation is to assess 
thee pleural effusion amylase levels in addition to the routine laboratory tests 
(bacteria,, infectious cells, malignant cells, glucose, lactate dehydrogenase, 
andd albumin). Some authors recommend determining amylase levels of pleu
rall effusion only when acute/ chronic pancreatitis or oesophageal perforation 
iss suspected.'•- One study routinely determined pleural fluid amylase levels of 
14377 patients and showed increased levels in 6.2% of the patients.' Differential 
diagnosee for moderate and high pleural effusion amylase levels are listed in 
TableTable 1. The absolute pleural fluid amylase concentration may rise to high levels 
inn pancreatic diseases and malignancies such as the lung (patient B: 110,000 
U/l).. In another study of 841 patients, pleural effusion amylase levels showed 
moderatelyy elevated levels (up to 600 U/l).2 Differentiation between pancreas iso-



enzymee (p-) amylase and salivary iso-erizyme (s-) amylase may further simplify 
thee differential diagnosis. For infections of the pancreas p-amylase shows the 
highestt specificity. In non-pancreatic causes of increased pleural effusion amy
lase,, the pleural fluid predominantly contains s-isoamylase.' 

Often,, there is a delay in diagnosing a pancreaticopleural fistula as cause of 
pleurall effusion. This is not surprising, since almost 50% of the patients with a 
pancreaticopleurall fistula have no history of pancreatitis.3"5 In case of dyspnoea 
inn patients with acute pancreatitis the differential diagnosis will be suggestive 
off other pulmonary infectious complications which originate from the abdo
menn such as atelectasis, acute respiratory distress syndrome, pneumonia and 
reactivee pleural effusion. 

AA fistula originating in the pancreas may not only develop after acute or 
chronicc pancreatitis, but also after trauma or percutaneous drainage of a pan
creaticc pseudocyst/' Pancreatic fistulas can either be external (pancreatico-cuta-
neous)) or internal (pancreatico-enteral, pancreatico-thoracic). Thoracic fistulas 
aree rare (incidence < 0.5% in chronic pancreatitis).5 Such a fistula is caused by 
leakagee or by rupture of a dilated or obstructed pancreatic duct or pancreatic 
pseudocyst.. Depending on the localisation of the fistula's leakage this may lead 
too either abdominal symptoms (pancreatico-cutaneous or pancreatico-enteral 
fistula)fistula) or pulmonary or cardiac symptoms if the enzyme-rich exudate finds its 
wayy to the thoracic cavity (pancreatico-thoracic fistula).Ty 

Figuree 2. Patient C. Magnetic resonance cholangio-pancreaticogram (MRCP) depicting 
aa fistula from the pancreas to the right pleural cavity. 
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Figuree 3. Perioperative view of patient C. 

BetweenBetween the pancreatic corpus and tail area the incisure in the pancreatic parenchyma is visible 
fromfrom which the fistula originates. Seepage 162 for colour illustrations 

Thee initial presentation usually comprises slight dyspnoea or coughing and 
lesss frequently thoracic pain or respiratory insufficiency."'"' Persisting pleural 
effusionn may be the only symptom for a long time and is in 70% of the patients 
locatedd in the left pleural cavity.s The majority of patients have a history of alco
holl abuse (70 -100%), and 95% of them range in age from 20 to 60 years.5-8" 

Radiologicall examinations fCT scan and ERCP or MRCP) can establish the 
causee and the localisation of a pancreaticopleural fistula or exclude other differ
entiall diagnostic causes, but the fistula itself cannot always be visualised.101213 

ERCPP has long been the golden standard. However, this invasive test carries the 
riskk of complications such as perforation, infection and pancreatitis; but once 
thee diagnosis has been confirmed by ERCP, a stent can be placed in the pancreat
icc duct in the same session. As shown in patients B and C, MRCP is the diagnostic 
tooll of choice when endoscopic interventions are not planned or not possible." 

Thee majority of internal pancreatic fistulas close during conservative 
therapy.. The long period of hospitalisation however, has a huge impact on 
patientss and their family and relatives and also has economic consequences. 
Conservativee therapy, i.e. pleural effusion drainage by thoracocentesis, relieves 
thee symptoms, in case of a pleural empyema, antibiotics are also administered. 
Conservativee treatment of pancreatic fistulas consists in general of reducing 
thee endogenous pancreas secretion. Octreotide, a somatostatin analogue, can 
bee administered to inhibit the secretion of the exocrine pancreas. Additionally. 



thee patient receives enteral nutrition via a nasojejunal tube. A beneficial effect 
off octreotide in pancreaticopleural fistulas has been reported.1^18 About 40 -
60%% of internal pancreatic fistula resolve with conservative therapy, although 
ourr three patients did not respond to conservative therapy. In patients with 
ann external pancreatic fistula conservative therapy is less successful.' ''^- It can 
bee expected that a conservative approach towards pancreaticopleural fistulas is 
nott successful, because the pressure in the pleural cavity is relatively lower than 
inn the abdominal cavity. In those cases the fistula-tract to the thoracic cavity can 
bee the route of the least resistance instead of following the physiological route 
viaa the pancreatic duct to the duodenum. Although arbitrary, a minimal period 
off four weeks seems appropriate to await success of conservative therapy before 
decidingg to invasive therapy.5 

Ann endoprosthesis in the pancreatic duct has proven to be beneficial to 
decreasee the intraductal pressure and enhance obliteration of pancreatic fistu
las.. Endoscopic treatment is associated with an almost 100% success in a select
edd group of patients.f,,-i"-5 An endoprosthesis in the ruptured pancreatic duct 
sealss off the luminal defect and redirects the preference route of the exudate in 
enterall direction. Especially when a stenosis is located downstream in the pan
creaticc duct, as frequently occurs in chronic pancreatitis, placement of an endo
prosthesiss may have a beneficiary result.6,2-3 In general, the endoprosthesis can 
bee removed within four to six weeks after verification by a pancreaticogram/' 
Endoscopicc therapy is not indicated if the pancreatic duct is totally disrupted, 
ass occurred in our patient C. Surgical drainage or resection of the affected pan
creaticc segment has for a long time been the primary therapeutic step'J, but 
nowadayss this approach is only indicated if conservative therapy or endoscopic 
drainagee fails.V3m Surgical management depends on the localisation of the fis
tulaa and on possible complications of chronic pancreatitis such as a pancreatic 
pseudocyst.. The basic principles of operative treatment are drainage and resec
tion.5 'nn In a 1992 study of 24 patients the success rate of surgical treatment of 
externall pancreatic fistulas was 83% with a postoperative mortality of 8%.-° 

CONCLUSIONS S 

AA pancreaticopleural fistula is a rare complication of pancreatitis and therefore 
thee diagnosis is frequently missed. It can easily be demonstrated if one is on the 
alertt about it. A laboratory test to assess the pleural effusion amylase levels with 
iso-enzymee type can be conclusive. The frequently elaborate in-hospital treat
mentt is done in multiple sessions. Conservative treatment is associated with a 
longg hospitalisation, and is therefore a burden to the patients. If conservative 
treatmentt fails, either endoscopic drainage or (eventually) surgical treatment 
iss indicated. 
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Tablee 1. Differential diagnosis of elevated pleural effusion amylase levels 
(Moderatee < 600 U/l; High > 600 U/l.)2 

High h 

(isoenzyme(isoenzyme f) 

x | s ) ) 

x | s ) ) 

xx Is) 

x(s) ) 

x(p) ) 

x | p l l 

Malignancy Malignancy 

adenocarcinomaa of the king 
ovariann carcinoma 
lymphoma a 
mesothelioma a 

Pancreas Pancreas 

acutee pancreatitis 
pancreaticopleurall fistula 

Pneumonia Pneumonia 

Tuberculosis Tuberculosis 

Transudate Transudate 

liverr cirrhosis 
congestivee heart failure 

PerforationPerforation oesophagus 

Boerhaave-- syndrome 
foreignn body 
iaa trogen ic 
carcinoma a 

PostoperativePostoperative after CABG ' 

Moderate Moderate 

(tsui.'fizy?7k'' t) 

X ( S | | 

x(s) ) 

x(s) ) 

x(s) ) 

X ( S } } 

X ( S ) ) 

x(s] ] 

x(s} } 

x(s) ) 

ff Pancreas isoenzyme (p-j and salivary iso-enzymc (s-) amylase. CABG coronary artery bypass graft 
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Summaryy of the chapters 
Thiss thesis has focused on the surgical treatment of two aspects of abdominal 
infection:: secondary peritonitis and chronic pancreatitis. An attempt has been 
madee to shed light on existing dilemmas in these two disease entities. First, a fre
quentlyy encountered controversy in the surgical management of patients with 
secondaryy peritonitis, the dilemma to perform either a planned relaparotomy 
(PR)) or adhere to a relaparotomy on demand (ROD) strategy, has been assessed 
fromm novel clinical, literature, theoretical and experimental research angles. 
Secondly,, the dilemma in the management of patients with chronic pancrea
titiss whether to perform early or late surgical drainage of the pancreatic duct 
hass been assessed in an established model of obstructive chronic pancreatitis. 
Additionally,, a potential marker of chronic pancreatitis in pancreatic juice and 
aa rare complication of long-lasting pancreatitis are presented. 

InIn Chapter 2 an overview of the current literature regarding secondary peri
tonitiss is provided. The scientific rationale of the threefold multidisciplinary 
treatmentt comprising antimicrobial treatment, innovative ICU treatment and 
earlyy phase surgical concepts is evaluated. For the latter the dilemma of surgical 
treatmentt strategies and criteria for relaparotomy in patients with secondary 
peritonitiss is highlighted. A plea for a more multidisciplinary treatment with 
closerr collaboration between surgeons, intensivists, radiologists and microbiol
ogistss is made. 

Itt is unclear whether patients with secondary peritonitis benefit from either 
aa PR or a ROD strategy. A systematic review of the literature was conducted in 
Chapterr 3 to compare the effect of the two treatment strategies for patients with 
secondaryy peritonitis as measured primarily by the in-hospital mortality. This 
meta-analysiss revealed no randomised studies through the search, so the report
ingg standards of the 'meta-analysis of observational studies in Epidemiology' 
(MOOSE)) group was taken into account. Eight observational studies including a 
totall of 1266 patients (286 PR, 980 ROD) met the inclusion criteria and were sub
sequentlyy included in the meta-analysis. The 8 included studies were heterogen
icc for clinical and statistical grounds (Chi-square=40.7, P<0.01). The combined 
resultss of observational studies show a non-significant reduction in mortality 
(ORR 0.70 [95% C.I. 0.27-1.80J) for the ROD strategy compared to the PR strategy 
whenn corrected for heterogeneity in a random effects model. Due to the non-
randomisedd nature of the studies, the limited number of patients per study, and 
thee heterogeneity between studies, inconclusive evidence was generated by the 
eightt observational studies and a plea for a randomised clinical trial comparing 
thee PR and ROD strategy was made. 

Too date, choice for PR and ROD is based on small series that lack sufficient detail 



andd long-term follow-up. In Chapter 4 morbidity, mortality and long-term out
comee of a PR (n=81) versus a ROD (n=197) strategy in patients with secondary 
peritonitiss in our university hospital was analysed. A retrospective study was 
performedd of 278 consecutive patients undergoing an emergency laparotomy 
forr secondary peritonitis from January 1994 to January 2000. In-hospital mor
talityy was reduced significantly in the ROD group as compared to the PR group 
(21.88 vs 35.8%), although comparable APACHE II scores were seen in both groups 
(RODD vs PR: 10.8 vs 11.7}. The difference in survival was predominantly clear in 
patientss with a Mannheim Peritonitis Index > 25. Two-year survival was 65.8%
3.44 for the ROD group and 55.5%  5.5 for the PR group. Overall, 1.6 significant 
complicationss per patient were seen in the ROD group compared with 2.0 in the 
PRR group. Next to a higher in-hospital survival rate also a long-term survival ben
efit,, according to a multivariate survival analysis, was found for patients treated 
byy a ROD strategy compared to patients with similar disease severity treated by a 
PRR strategy. Choice of treatment strategy proved to be an independent predictor 
off survival. Although retrospective results need to be interpreted with caution 
duee to possible selection bias, these data favour a ROD strategy. 

Chapterr 5 was aimed at gaining more insight in clinical practice decision mak
ingg with respect to the choice for relaparotomy strategy by analysing factors 
influencingg decision making in patients with secondary peritonitis among a 
largee cohort of surgeons in the Netherlands. All 858 surgeons of the Association 
off Surgeons in the Netherlands were sent a survey with 16 case vignettes simu
latingg peritonitis patients evaluating the preference for PR or ROD. Responding 
surgeonss (response rate 62%) had a slight overall preference for the ROD strategy 
ass shown by the mean overall preference score of 5.2 (range 3.5-6.5). Gastro-intes-
tinall surgeons, surgeons working in regional and smaller hospitals were signifi
cantlyy more in favour of a ROD strategy than their counterparts. Factors signifi
cantlyy influencing the preference towards PR were ischemia as aetiology and 
performingg a primary anastomosis, and factors pushing the preference towards 
RODD were small bowel as focus, local extent of contamination and whether 
abdominall closure was possible. Although there was a slight overall preference 
towardss the ROD strategy, the variability per case vignette was considerable. 
Thee majority of responding surgeons would make a choice for a particular treat
mentt strategy primarily based on peritonitis characteristics and surgical treat
mentt characteristics. 

Inn Chapter 6 cecal ligation and puncture {CLP) was performed in C57BL/6 mice 
too investigate the effects of surgery for peritonitis, in particular source control, 
onn host inflammatory responses. In the resection group (RES) the cecum was 
resectedd and the abdominal cavity was lavaged with NaCI 0.9% solution. In the 
non-interventionn group (NoRES) the punctured and ligated cecum was left in 
situ.. In plasma the difference in levels of pro-inflammatory cytokine interleu-
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kinn (IL-) 6 was decreased in the RES group (1M).048). Anti-inflammatory IL-10, U 
wass increased in this group (P=0.031). Chemotaxis and activation of pulmo- | 
naryy neutrophils was reduced in the RES group (P=0.012, P=0.004, respectively). 3 
Cecall resection and abdominal lavage restored the pro- and anti-inflammatory | 
balancee predominantly in the extra-abdominal compartment, underlying the 9 
importancee of effective elimination of the source of infection with respect to |-
preventionn of multiple organ failure. This clinically representative murine mod- 1 
ell of polymicrobial secondary peritonitis incorporating cecal resection and peri
toneall lavage may be more appropriate to test therapeutic interventions than a 
modell involving only CLP. 

InIn Chapter 7 a systematic literature search was performed using various medi
call databases. We assumed that prognostic variables for ongoing abdominal 
infectionn are likely to be similar to prognostic variables for general outcome of 
aa relaparotomy in patients with secondary peritonitis. Therefore, studies assess
ingg relaparotomy outcome as well as studies assessing peritonitis outcome were 
included.. The search revealed 37 of 197 studies meeting the inclusion criteria. 
Thesee studies assessing variables in patients with secondary peritonitis were 
evaluatedd and quantified for statistical evidence and validity of individual vari
abless with subsequent ranking in accordance with the methodological quality 
off the study. After ranking of the 76 individual variables (patient-, surgery-, peri
tonitis-,, clinical- and laboratory variables and scoring systems) the top quartile 
(100 variables) was selected. The strongest variables were elimination of focus, 
upperr GI source of peritonitis, concomitant disease, age, generalised peritonitis, 
bilirubin,, creatinine, lactate, PaOJFiO, ratio and albumin. This set of top rank
ingg variables from literature showed discriminative power between the presence 
andd absence of ongoing peritonitis in a series of 219 patients operated for sec
ondaryy peritonitis (area under the ROC-curve (AUC) 0.751 (95% CI 0.68-0.82) for 
positivee relaparotomy. This set of variables showed potential for prediction and 
mayy be used as starting point for further research for criteria for relaparotomy 
inn patients with secondary peritonitis. 

InIn Chapter 8 successive multivariate binary logistic regression models were 
usedd to identify factors predictive of a positive relaparotomy in 219 patients 
withh secondary peritonitis. A comparison was made between patients requir
ingg a relaparotomy (positive findings at relaparotomy) and those not needing a 
relaparotomyy (negative findings at relaparotomy or survival without relaparot
omy).. The area under the ROC-curve (AUC), as measure of the overall fit and 
discriminativee power of the model, improved gradually in successive models. 
Thee AUC for the model including only general characteristics was 0.60. Adding 
peritonitis-relatedd variables to this model improved the AUC to 0.73, but no fur
therr improvement was seen when operation-related variables were included. As 
expected,, a relevant prediction improvement was observed when adding post-



operativee variables (AUC 0.87; 95% C.I. 0.82-0.92). Sensitivity and specificity of 
thiss final prediction model was respectively 82% and 76%. Predictors significant
lyy increasing the need for relaparotomy were younger age, lower hemoglobin 
levels,, temperature >39° Celsius, lower PaO.,/FiO, ratio, higher heart rate and 
higherr serum sodium levels. The retrospective, one point data collection as well 
ass statistical objections do not permit uniform implementation of the 'predic
tionn model'. In conclusion, the variables included in this prediction model may 
servee as a step-stone to develop and validate a prediction rule in a prospective 
datasett of patients with secondary peritonitis. This prediction rule may help to 
recognisee patients requiring relaparotomy after the index laparotomy and can 
assistt physicians in the complex decision when to perform a relaparotomy in 
patientss with secondary peritonitis. 

Chapterr 9 investigates a dilemma in the treatment choice for another form of 
abdominall infection being chronic pancreatitis. The results of early versus late 
surgicall drainage via lateral pancreaticojejunostomy were compared in an estab
lishedd model of chronic pancreatitis in piglets. The obstructive pancreatitis his
tologyy score showed a significant rise after ligation for the early drainage, late 
drainagee and CP control group, with reversibility of histology score only for the 
earlyy drainage group after drainage. Weight increase per week after drainage 
rosee for the early drainage group, but stayed level for the late drainage group 
(P== n.s.). Pancreatic exocrine function as measured by secretion of amylase and 
lipasee showed significant improvement after drainage only for the early drain
agee group (P = 0.003 and P = 0.048, respectively). Faecal chymotrypsin levels and 
faecall fat balance showed no differences between groups. Pancreatic endocrine 
functionn measured by glucose tolerance test showed no damage and, thus, no 
reversibilityy for both groups. In this model of early versus late surgical drainage 
off obstructive pancreatitis histology grades and pancreatic exocrine function 
showedd reversibility for the early drainage group as opposed to no reversibility 
off the late and the chronic pancreatitis control group. It might well be that, 
inn the clinical setting, chronic pancreatitis patients who are currently treated 
predominantlyy and primarily by endoscopical procedures would benefit from 
ann earlier surgical drainage procedure. 

Chronicc pancreatitis (CP), with a prevalence of 50-75 patients per 100.000 inhab
itantss and incidence of 6-7 per 100.000 per year, leads to professional, social 
andd psychological impairment. In patients with CP the risk of pancreatic can
cerr is significantly elevated. The cumulative risk of pancreatic cancer 20 years 
afterr the diagnosis of pancreatitis is 4 percent. Despite technical refinements of 
imagingg modalities such as CT and MRI, the diagnosis of CP remains often dif
ficult.. The elevated risk of pancreatic cancers urges a valuable marker for early 
detectionn of acinar-to-ductal metaplasia in the setting of chronic pancreatitis. 
Chapterr 10 shows that matrix metalloproteinase-7 (MMP-7) is expressed in meta
plasticc ductal cells and in pancreatic juice in a pig model for chronic, obstruc-



tivee pancreatitis. Blinded analysis of MMP-7 expression in pancreatic juice was 
foundfound to be highly correlative to pancreatitis severity (P < 0.0001). Compared 
byy logarithmic' regression, MMP-7 levels showed a very strong negative correla
tionn with both amylase (P < 0.0001) and lipase (P < 0.0001). These data suggest 
thatt quantisation of MMP-7 in pancreatic juice, alone or in the context of other 
markers,, is potentially a diagnostic marker for chronic pancreatitis. 

AA seldom encountered complication in patients with chronic pancreatitis is a 
fistulaa between the pancreas and the pleural cavity, a pancreaticopleural fistula. 
Threee patients with a pancreaticopleural fistula as complication of pancreatitis 
aree presented in Chapter 11. Generally these pancreaticopleural fistulas have 
aa favourable prognosis, but delay in making the correct diagnosis negatively 
influencess the prognosis. The patients usually present with respiratory symp
tomss such as dyspnoea and coughing due to pleural effusion and occasionally 
epigastricc pain. The diagnosis of pancreaticopleural fistula is made when ele
vatedd pleural effusion amylase levels are demonstrated. Surgical treatment is 
solelyy indicated when conservative or endoscopic treatment fails. It consists of 
fistulafistula resection and drainage of the pancreatic duct via a lateral pancreaticoje-
junostomyy or resection of the part of the pancreas where the fistula originates. 

Overalll conclusions 
Certainn aspects of the surgical management in abdominal infection, both in 
secondaryy peritonitis as well as in chronic pancreatitis, are not univocal This 
thesiss provides innovative points of view that may assist in resolving part of the 
controversyy in both topics. 

Too date, there is no level 1 evidence currently available showing a benefit of 
eitherr the ROD or PR strategy for patients with secondary peritonitis. Studies 
incorporatedd in this thesis show a possible advantage for the ROD strategy when 
surgicallyy treated patients with secondary peritonitis. First of all, the hetero
genicc studies evaluated systematically showed a (non-significant) reduction in 
mortalityy for the ROD strategy compared to the PR strategy when corrected for 
heterogeneityy in a random effects model. The evaluated, relatively large, retro
spectivee patient cohort showed a significant advantage for patients treated by 
aa ROD strategy as compared to patients treated by the PR strategy as measured 
byy in-hospital mortality as well as long-term survival rate. Choice of treatment 
strategyy even proved to be an independent predictor of survival. When actually 
askingg surgeons what their preferred surgical treatment strategy for certain Ac
tivee patient cases in secondary peritonitis would be, the responding surgeons 
hadd a slight preference for the ROD strategy, making a choice for a particular 
treatmentt strategy primarily based on peritonitis variables and surgical treat
mentt variables. When adhering to an ROD strategy, selection of patients that 
mayy indeed benefit from a relaparotomy and selection of patients who will 



recoverr without relaparotomy is an important issue in need for more objective 
criteria.. Assessment of variables predictive of a positive outcome of a relaparot
omyy in literature as well as assessment of variables in a retrospective cohort of 
patientss undergoing a relaparotomy for secondary peritonitis provided poten
tiall variables that may serve as starting point for development and validation 
off a clinically applicable prediction rule. This prediction rule can then serve 
ass a bedside device to aid the treating medical team in the ongoing dilemma 
off defining indication and timing of relaparotomy in patients with secondary 
peritonitis. . 

Thee controversy of a potential beneficiary effect of earlier rather than late 
surgicall drainage in chronic pancreatitis was evaluated in a piglet model of 
obstructive,, chronic pancreatitis. In this experimental model reversibility of 
histologicall features and pancreatic exocrine function was seen when an ear
lierr surgical drainage was performed compared to a later drainage. In the same 
piglett model a potential marker in pancreatic juice for early detection of aci
nar-to-ductall metaplasia in the setting of pancreatitis was evaluated. Increased 
knowledgee of these aspects of chronic pancreatitis may among others lead to 
earlyy recognition of complications such as pancreaticopleural fistula or evolv
ingg metaplastic changes in patients with chronic pancreatitis. 

FurtherFurther advancements 
Forr patients with secondary peritonitis no accurate criteria are available for 
indicationn and timing of relaparotomy. More objective and more evidence-based 
criteriaa for performing a relaparotomy in patients with secondary peritonitis 
havee been put forward. These criteria however need further prospective devel
opmentt and validation in a separate, prospective patient group. Further clini
call research to improve outcome for patients with secondary peritonitis should 
bee aimed at performing more level I studies or randomised controlled trials 
(RCT).. A multi-center RCT comparing the PR and the ROD strategy in patients 
withh secondary peritonitis with an APACHE II score >10 is currently performed 
inn the Netherlands. This trial is the first in its kind and should be repeated. 
Meanwhile,, more experimental and basic research is needed to fully compre
hendd the pathophysiology of intra-abdominal sepsis and allow potential benefi
ciall interventions to emerge. 

Forr patients with chronic pancreatitis basis research is needed to elucidate 
inn more detail pathophysiological mechanisms of chronic pancreatitis. Future 
interventionall studies in the piglet model of obstructive pancreatitis compar
ingg surgical drainage with endoscopic drainage could be reproduced in this pig 
model,, and may show that after endoscopic (pancreatic duct) drainage regener
ationn is less than after surgical (duct and parenchymal) drainage. Nonetheless, 
randomisedd trials in the clinical setting will have to provide the foremost answer 
too this dilemma. 
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AïeaAïea lacta Est - Aan het eind van dit proefschrift wil ik de mensen bedanken 
diee hebben bijgedragen aan de tot standkoming ervan of mij gedurende deze 
periodee tot steun zijn geweest. 

Dr.. M.A. Boermeester, lieve Marja, ons boekje is er dan eindelijk. Op het 
onderzoeksvlakk stond altijd jouw tomeloze inzet, creativiteit en doorzettings
vermogenn voorop. Met daarnaast je gastvrijheid thuis, de 'werkbesprekingen', 
enn bezoeken aan Como / Lissabon maakte het tot mooie onderzoeksjaren. 
Ikk ben trots dat ik je V' promovendus in waarschijnlijk een lange rij van 
promovendii ben. Ik hoop in de toekomst net zoveel van je te leren op het 
klinischee vlak als je me de afgelopen jaren op het onderzoeksvlak hebt 
bijgebracht. . 

Professorr dr. DJ. Gouma. De onderzoekssfeer die u de afgelopen jaren op de 
afdelingg chirurgie heeft weten neer te zetten is er één waar veel hoogleraren 
jaloerss op zijn. Daarnaast ben ik bevoorrecht straks mijn opleiding onder uw 
leidingg to mogen vervolgen. 

Professorr dr, P.M.M. Bossuyt, dr. H. van Goor, professor dr. H.G. Gooszen, 
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Stellingen n 

Dee gecombineerde resultaten van observationele studies tonen een niet significant 
voordeell voor de relaparotomie op indicatie strategie in vergelijking met de 
geplandee relaparotomie strategie in de chirurgische behandeling van patiënten met 
secundairee peritonitis. 

DitDit  proefschrift 

44 A negative relaparotomy is better than a positive autopsy but is not, nevertheless, 
aa benign procedure'. 

M,M, Schein 

Factorenn geassocieerd met orgaan falen tijdens de vroege postoperatieve periode 
zijnn prominente indicatoren voor persisterende intra-abdominaie infectie en de 
daarmeee geassocieerde positieve bevindingen tijdens relaparotomie. 

DitDit  proefschrift 

Chirurgischee behandeling van secundaire peritonitis is grotendeels gebaseerd op 
eenn 'gut-feeling' 

Eenn gerandomiseerde trial die de relaparotomie op indicatie versus de geplande 
relaparotomiee strategie vergelijk! is nodig om de nodige Evidence te veschaffen. 

DitDit  proefschrift 

Vroegee chirurgische drainage van de ductus pancreaticus in een obstructief 
pancreatitiss model toont, in tegenstelling tot een latere drainage, reversibiliteit van 
histologischee veranderingen en de exocriene functie van het pancreas. 

DitDit  proefschrift 

Jee gaat het pas zien als je het doorheb(t). 
JohanJohan Cruijff 

Dee echte Ajax-fan heeft een blind vertouwen in Blind. 

Promoverenn is geen Kunst. 

Dee populariteit van G.T.S.T. is te wijten aan de postprandiale dip. 

Wiee schrijft die blijft (corrigeren). 
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