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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-
titi ss 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 wil l 



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 wil l have to provide the foremost answer 
too this dilemma. 


