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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 

Score e 
STATISTICALL STRENGTH 

44 Positive finding " 

butt no or/ incorrecr 
statisticall  evidence 

88 Positive finding " 
statisticallyy significant 

122 Positive finding " 
significantt in multi-
variatee analysis 

Score e 
VALIDATIO N N 

Points s 
00 variable assessed 

inn 1 study 

++ 1 /-l " " 2-3 studies 

+22 / -2 " " 4-5 studies 

+33 / -3 " " > 5 studies 

Score e 
METHODOLOGICALL QUALITY 

Pomm Is 

00 -48 Design and conduct 

00 - 24 Analysis 

00 - 8 Interpretation and 

presentation n 

Points Points 
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. 

ITEM M 
Designn and conduct: (max 48 points - 60%) 
Selectionn description 

Samplee defined/ calculated 

Exclusionn defined 

Withdrawals s 

Definitionn therapeutic regiment 

Definitionn control regiment 

Randomisation n 

Randomisationn blinding 

Definitionn endpoints 

Endpointss appropriate 

Additionall  treatments recorded 

Sidee effects/complications recorded 

Analysis:Analysis: (mux. 24 points = 30%) 

Comparabilityy table 

Stratificationn for risk factors 

Correctt statistical analysis 

Confidencee intervals reported 

Regressionn analysis 

Typee II error considered in neg. trials 

InterpretationInterpretation and presentation: (max. H points 
Titl ee and abstract accurate 

Raww data can be discerned 

Methodss reproducible 

Sectionss clear cut 

Resultss justify conclusion 

Ui%) Ui%) 

JUDGEMENT T 

Adequate e 
Fair r 
Poor r 
No o 
Yes s 
No o 
Yes s 
No o 
No o 
Yes,, accounted for 
Yes,, < 10% 
Unknown n 
Yes s 
No o 
Yes s 
No o 
Yes s 
No o 
Yes s 
Partial l 
Nott appropriate 
No o 
Yes s 
No o 
Yes s 
No o 
Yes s 
No o 
Yes s 
No o 

Yes s 
No o 
Yes s 
No o 
Yes s 
No o 
Yes s 
No o 
Yes s 
No o 
Yes s 
No o 

Yes s 
No o 
Yes s 
No o 
Yes s 
No o 
Y ö ï ï 
res s 
No o 
Yes s 
No o 

P P 

6 6 
4 4 
2 2 
0 0 
2 2 
0 0 
4 4 
0 0 
6 6 
4 4 
2 2 
0 0 
3 3 
0 0 
3 3 
0 0 
6 6 
0 0 
6 6 
3 3 
2 2 
0 0 
3 3 
0 0 
4 4 
0 0 
3 3 
0 0 
2 2 
0 0 

4 4 
0 0 
4 4 
0 0 
4 4 
0 0 
4 4 
0 0 
4 4 
0 0 
4 4 
0 0 

2 2 
0 0 
1 1 
0 0 
2 2 
0 0 

1 1 
0 0 
2 2 
0 0 

POINTS S 



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: 
nn = 53 studies 

ExcludedExcluded because of selection criteria: 

nn = 144 studies 

ExcludedExcluded because of selection criteria: 
nn = 16 studies 

IncludedIncluded studies: 
nn = 37 

ConsistingConsisting of: 
Studiess on outcome of peritonitis after surgery 
(nn = 33) 
& & 
Studiess on outcome of relaparotomy only 
(n=4) ) 

Tablee 2. Methodological quality scores of the 37 included studies divided into 
statisticall  quartiles and the levels of evidence. 

Methodology Methodology 
Score Score 

<<  29 points 
299 - 34 points 
355 - 42 points 
>> 43 points 

Articles Articles 
nn (%) 

9(24.3%) ) 
9124.3%) ) 
10(27.0%) ) 
99 124.3%) 

Methodologkiil Methodologkiil 
quality quality 

Low w 
Medium-low w 
Medium-high h 
High h 

CEBMCEBM levels of 
l.vitiencel.vitience (n sluüksj ' 

K-) ) 
II-) ) 
I(-) ) 
11-) ) 

M|-(;IIH-j;IV(9);V(- ) ) 
ll|-):III(l):fV(8|:Vl- ) ) 
lln):III(2):IV(7):V|- ) ) 
II(2):JII(2):IV(5):V|-| | 

'' Oxford Centre for livide nee-Based Medicine. 



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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