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ABSTRACT T 

Background Background 

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

Methods Methods 

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

Results Results 

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

Conclusions Conclusions 

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



11 INTRODUCTION 

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

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

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

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

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

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

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

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

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

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

j jj  monly used for patients with intra-abdominal ' 

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

infectionn or infectious complications being potentially beneficial in relation 

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

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

beneficiall  when relaparotomies are limited to those patients who indeed need 

suchh treatment, thereby preventing unnecessary laparotomies when infection 

iss resolved during conventional postoperative treatment. Furthermore, this 

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

accessiblee to percutaneous interventional techniques. 

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

thee planned relaparotomy strategy and the relaparotomy on demand strategy in 

patientss with secondary peritonitis. 

METHODS S 

InclusionInclusion and exclusion criteria 

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

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

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

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

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

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

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

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

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

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



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

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

Searchh strategy 

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

DataData collection 

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

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

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


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

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

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

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

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

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

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

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

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

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

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

call  control or a cohort design.11'-

StatisticalStatistical analysis 

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

RESULTS S 

Excludedd studies 

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

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

ass indications, diagnostic modalities and scoring systems for peritonitis or 

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

nosticc variables not including data on treatment strategy, articles comparing 

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

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

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



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

Potentiall  relevant articles identified 
andd screened (n = 181) 

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

Articless retrieved for more detailed 
informationn (n = 20) 

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

addressingg PR or ROD strategy only (n = 9) 

Articless included in the systematic review (n = 8) 

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

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

IncludedIncluded studies 

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

Tablee 1. General characteristics of included studies 

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

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

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

Kopernaa et al."'' 

1983 3 
1986 6 

1990 0 
1994 4 

1995 5 
1996 6 
1996 6 

2000 0 

Belgium m 
Unitedd States 

Belgiumm 1 
Unitedd States 
33 countries t 
Austria a 
Germany y 

Austria a 

2 2 

18 8 

Unknown n 
19800 - 1985 
Unknown n 
1987 7 

19922 - 1993 
19922 - 1995 
19899 - 1993 

19866 - 1996 

31 1 

34 4 
44 4 

95 5 
38 8 
9 9 
13 3 

22 2 

11 1 
43 3 

9 9 

260 0 
38 8 
83 3 

35 5 
501 1 

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

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

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

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

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

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

Design Design 

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

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

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

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

nosiss was performed. 

Mortality Mortality 

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

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

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

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

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

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

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

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

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

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

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

analysess revealed no significant results. 

AlternativeAlternative endpoints 

Thee available data on secondary outcome measures in the individual studies 

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

Figuree 2. 
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IndividualIndividual and pooled otitis ratios (PK versus ROD) of the X ifiriiidt'i l studies. Pooling according to the random 

effectseffects model. ROD: relaparotomy on demand. PR: planned relaparotomy. 



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

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

DISCUSSION N 

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

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

f:: adjustment. 

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

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

22 intervention and used definitions of treatment strategies potentially leads to 

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

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

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

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

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

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

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

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

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

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

givess a more realistic confidence interval. 

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

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

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

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

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

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

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

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

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

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

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

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

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

quencee actual differences in surgical treatment strategies for peritonitis may 

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

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

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

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

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

improvement.111 " 

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

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

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

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



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

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

InIn our search for studies comparing the PR and ROD strategy no randomised 
controlledd trial was retrieved, although in a separate search for review articles 
onn relaparotomies in abdominal sepsis--4,5*1"22-44"61 -6''64 numerous studies have long 
emphasisedd the need for such a trial.8596566 There is a strong need for a well-
designed,, sufficiently large, randomised trial in clearly defined patient groups 
too resolve the uncertainty about the best surgical strategy in patients with 
abdominall  sepsis. Such a multi-centre, randomised trial is currently performed 
inn The Netherlands. 
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