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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 INTRODUCTION 

|| 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 PERITONITIS 

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. 

MODS S 

Respiratory y 

PO. /F iO . ra t io lmmHg) ) 

Rcnat t 
Serumm c rea t i n ine (minnl/1) 

Hepat ic c 

Serumm b i l i rub i n |minol/ ' l| 

Card iovascular r 

PAR R 

Hemato log ic c 

Platelett c o u nt fx lO' /mm 1 

Neuro log ic c 

Glasgoww Coma Scale 

0 0 

>300 0 

£100 0 

<20 0 

£10 0 

>120 0 

15 5 

1 1 

226-300 0 

101-200 0 

21-60 0 

10.1-15 5 

81-120 0 

13-14 4 

2 2 

151-225 5 

201-350 0 

61-120 0 

15.1-20 0 

5!-80 0 

10-12 2 

3 3 

76-150 0 

351-500 0 

121-240 0 

20.1-30 0 

21-50 0 

7-9 9 

4 4 

£75 5 

>500 0 

>240 0 

>30 0 

£20 0 

£6 6 

SOI'A A 

Respiratory y 

PO, /F iO, ra t io (mmHg} } 

Renal l 

Se rumm c rea t i n i ne (mmolj l) 

Orr u r ine o u t p ut (ml,' day) 

Hepat ic c 

Se rumm b i l i r ub i n (mmol/ ll 

Card iovascular r 

Hypo tens ion n 

Hemato log ic c 

Platelett c o u nt (x lO ' /n im'l 

Neuro log ic c 

Glasgoww Coma Scale 

0 0 

>400 0 

<100 0 

<20 0 

MA PP > 70 

>150 0 

15 5 

1 1 

£400 0 

100-170 0 

20-32 2 

MA PP < 70 

<150 0 

13-14 4 

2 2 

£300 0 

171-299 9 

33-101 1 

Dopa/dobuu £5 

<100 0 

10-12 2 

3 3 

£200' ' 

300-440 0 

o r < 5 00 0 

102-204 4 

Dopaa > 5 or 

(norlepi<0.1 1 

£50 0 

6-9 9 

4 4 

£100' ' 

>440 0 

o r< 200 0 

>204 4 

Dopaa > 15 or 

(nor)epi>0.1 1 

£20 0 

<6 6 

Will ii  ventilatory support. 

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 
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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 TREATMENT OF SECONDARY PERITONITIS 

'&.. 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 TREATMENT 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 ADVANCEMENTS 

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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