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ABSTRACT T 

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

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

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

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



II  INTRODUCTIO N 

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

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

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

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

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

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



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

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

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

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



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

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

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



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

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

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

RESULTS S 

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



Tablee 1. Patient characteristics 

Meann age (yr) 

Agee > 65 yrs 

Genderr (male) 

APACHOO 11 score 

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

Cardiac c 
Respiratory y 

Renal l 

Gast ro in test inal l 

Hepat ic c 

Diabetes s 

Mal ignancy y 

Postoperat ivee per i ton i t is 

Overall l 
(NN = 278) 

56.9++ 16.1 
988 (353%) 

157(56.5%) ) 

11.11 7 

24.11  7.5 

192(69.1%) ) 

50(18.0%} } 
277 (9.7%) 

255 (9.0%) 

36(12.9%) ) 

88 (2.9%) 

177 (6.1%) 

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

ROD D 

(NN = 197) 

56.22  16.0 
67(34.0%)31 1 

113(57.4%) ) 

10.88  5.8 

23.66  7.5 

135(68.5%] ] 

32(16.2%) ) 

199 (9.6%) 

155 (7.6%) 

29(14.7%) ) 

66 (3.0%) 

144 (7.1%) 

688 (34.5%) 
102151.8%) ) 

PR R 

<NN = 81) 

58.55 + 16.4 

(38.3%) ) 

44(54.3%) ) 
11.77 5 

25.55  7.6 

57(70.4%) ) 

188 (22.2%) 

88 (9.9%| 

10(12.3%) ) 

77 (8.6%) 
22 (2.5%) 

33 (3.7%) 
29(35.8%) ) 

244 (29.6%) 

l'l'  value 

0.279 9 

0.501 1 

0.646 6 
0.222 2 

0.062 2 
0.889 9 

0.001 1 

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

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

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

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

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

Overalll  ROD PR P va lue t 

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

Origin n 

Colon n 

Smalll  bowel 

Pancreas s 
Appendix x 

Galll  b ladder 

Duodenum m 
Stomach h 
Rectum m 
Other r 

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

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

Extentt of contamination 
Diffuse e 
Focal l 
None e 

Intervention n 
Drainagee only 
Surgicall  procedures 

andd drainage 

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

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

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

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

66(23.7%) ) 

212(76.3%) ) 

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

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

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

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

500 (25.4%) 

1477 (74.6%) 

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

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

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

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

16(19.8%) ) 

655 (80.2%) 

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

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

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

0.522 2 

0.054 4 

0.071 1 

0.060 0 

0.736 6 



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

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

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

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

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

Tablee 3A. Primary outcome measures 

ICUU stay (days| 

Mechanicall  vent i la t ion (days) 

Hospitall  stay (days) 

Hospitall  mor ta l i ty (%i 

Overall l 

N-278 8 

14.3 3 

11.4 4 

50.3 3 

25.9% % 

ROD D 

N=197 7 

12.6 6 

10.3 3 

49.5 5 

21.8,(.. . 

PR R 

N=81 1 

17.8 8 
13.9 9 

52.0 0 
35.8% % 

1'1' va lue t 

0.037 7 

0.069 9 

0.256 6 

0.016 6 

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



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

treatmentt  strategy 

Figuree 1A 

PP = 0.057 

ROD D 

PR R 

00 1 2 3 * 5 6 7 

follov*'Upp (years) 

RODD 94 57 49 38 3:1 

PRR 46 22 18 16 13 

Figuree l.B 

PP = 0.728 

ROD D 

PR R 

Ron n 

PR R 

follow-upp (yeais) 

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

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

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

Tablee 3B. Mortalit y rates for  subgroups 

Diffusee con tam ina t i on 

Fecall  con tam ina t i on ' 

Colonicc or ig in 

Smalll  in test ine 

Fecall  and diffuse 

con tam ina t i on n 

Ischemia a 

Postoperat ivee per i ton i t is 

Originn of per i ton i t is 

Stomach// d u o d e n um 

Pancreas// gall b ladder 
Rectum m 

Appendix x 

Colon n 

Smalll  bowel 

Mortal i t y y 
ROD D 

n/NN (%> 

25/118(21.2%) ) 

8/48 8 

5/30 0 

3/18 8 

7/32 2 

3/6 6 

19/102(18.6%) ) 

8/19 9 

8/30 0 

0/3 3 

0/4 4 

12/68 8 

11/49 9 

Mortalit y y 
PR R 

n/N(%) ) 

21/59(35.6%) ) 

12/26 6 

10/22 2 

2/4 4 

11/24 4 

6/11 1 

9/24(37.5%| | 

1/4 4 

1/11 1 

0/1 1 
2/6 6 

15/37 7 

8/19 9 

Absolutee risk 
difference e 

(95%% CI) 

14.4%% (0.1 -28.7) 

29.5%% (7.6-51.4) 

28.8%% (4.1 -53.5] 

33.3%% (-18.6-85.3) 

23.9%% (-0.5 -48.5) 

4.5%% M5.1 -54.2) 

18.9%% (4.9-39.7) 

-17.1%% 1-30.8-65.0] 

-16.9%% (-5.6-40.8) 

0% % 

33.3%% (-71.1 -4.4) 

22.9%% (4.7-41.1] 

19.7%% (-44.7-5.4) 

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



Tablee 4. Surgery- and sepsis-related complications 

SURGERY-RELATE D D 
Overall l 
Incisionall  hern ia 

Abdominall  abscess 
Abdominall  fistula 

Hemor rhage e 
Perforation n 
Anastomot icc leakage 

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

Re-intubation n 
MOF F 
D1C C 

Linee sepsis 
Hepat icc fai lure 

Overall l 
N=278 8 

nn (%) 

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

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

134(48.2%) ) 
622 (22.3%) 

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

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

ROD D 
N=197 7 

nn (%) 

85(43.1%) ) 

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

12(6.1%} } 

911 (46.2%) 

37(18.8%) ) 
211 (10.7%) 

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

10(5.1%) ) 
22 (1.0%) 

PR R 
N=81 1 

nn (%) 

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

22 (2.5%) 
0 0 

43(53.1%) ) 

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

PP value t 

0.015 5 
0.003 3 
0.098 8 

0.953 3 
0.579 9 

0.332 2 
0.023 3 

0.297 7 

0.028 8 

0.131 1 
0.400 0 

0.848 8 
0.070 0 

0.449 9 
0.872 2 

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

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

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

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

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

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

<< 0.001 

<< 0.001 

0.046 6 

<< 0.001 

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

Age e 
<< 65 years 

>>  65 years 

Co-morbidiry y 

No o 

Yes s 

T rea tmentt strategy 

PR R 

ROD D 

Sepsis-relatedd compl ica t ions 

No o 

Yes s 

1.00 0 

2.37 7 

1.00 0 
2.70 0 

1.00 0 

0,69 9 

1.00 0 

2.48 8 

(1.65 5 

11.66--

(0.47--

11.69--

3.42) ) 

-4.39) ) 

-- 0.99) 

-- 3.63) 



Tablee 5. Univariate analysis of prognostic factors for survival 

Variable e 

Al l l 

Pat ientt  cha rac te r i s t i cs 

G e n d er r 

Agee 565 yrs 

Yes s 

No o 

Co-morb id i ty y 

<< 0.001 

11 or m o re ca tego r ies 

No o 

APACHEE II ca tego ry 

O-10 0 

11-20 0 

>20 0 

MPII  score 

>25 5 

<25 5 

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

andd surgery 

Or ig in n 

Et io logy y 

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

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

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

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

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

PR R 

ROD D 

Postopera t i vee p e r i od 

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

1CUU stay 

Yes s 

No o 

Mechan icall  ven t i l a t i on 

Yes s 

No o 

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

0 0 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

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

Yes s 

No o 

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

Yes s 

No o 

Patients s 
(n) ) 

278 8 

98 8 

180 0 

192 2 

86 6 

141 1 

117 7 

20 0 

140 0 

138 8 

81 1 

197 7 

197 7 

81 1 

180 0 

96 6 

88 8 

62 2 

46 6 

39 9 

21 1 

15 5 

6 6 

1 1 

133 3 

145 5 

134 4 

144 4 

66 months 

<%> > 

74.44  2.6 

52.66  5.1 

86.11 6 

69.66  3.3 

84.88  3.9 

88.44 7 

63.66  4.4 

40.00 + 11.0 

63.00 + 4.1 

85.55 0 

66.77  5.2 

77.55  3.0 

67.99 + 3.3 

90.11 3 

66.55 + 3.5 

88.55 3 

86.44  3.7 

80.77  5.0 

63.00 1 

61.55 8 

57,11 + 10.8 

6 0 . 9--t 3 .7 7 

81.33 0 

79.66  4.3 

74.22 + 5.6 

58.77  7.3 

56.44  7.9 

52 .4--

64 .3++ 12.8 57.1

NA A 

NA A 

78.00  3.6 

71.00 8 

59.44 + 4.3 

88.22 7 

NA A 

NA A 

ii  10.9 

13.2 2 

71.22 + 3.9 

65.55 + 4.0 

52.66 3 

82.66  3.2 

11 year 

(%) ) 

68 .2++ 2.8 

46.44  5.1 

80.00 0 

61.33 + 3.5 

83.77 0 

79.77  3.4 

59.33 5 

4 0 . 0++ 11.0 

57.33  4.2 

79.00 5 

60.55  5.4 

71.44 2 

62.88  3.5 

81.55 3 

55.99 7 

75.00 4 

76.11 + 4 .5 

66.11 0 

54.44  7.3 

51.33 0 

52.44  10.9 

42.99  13.2 

NA A 

NA A 

62.99 2 

62.88 0 

48.11 3 

76.44  3.5 

22 years 

(%) ) 

62.88 + 2.9 

43 .33 0 

73.33  3.3 

53.99 6 

8 2 . 6 1 4 .1 1 

74.66 7 

52.55  4.6 

4 0 . 0++ 11.0 

49.33 3 

76.11  3.6 

55.55 5 

65.88  3.4 

57.77 5 

75.33 8 

PP value! 

0.469 9 

<< 0.001 

<< 0.001 

<< 0.001 

0.770 0 

0.120 0 

0.655 5 

0.911 1 

0.634 4 

0.580 0 

0.031 1 

0.339 9 

<< 0.001 

<< 0.001 

0.015 5 

0.683 3 

<<  0.001 

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



80 0 

Figuree 2. Cox proportional survival for treatment strategy 

TD D 

60 0 

SD D 

3D D 

20 20 

10 0 

D D 

DD 1 2 3 i 5 6 

follow-upp (years) 

RODD 197 140 129 104 86 68 

PRR SI 49 -44 39 29 25 

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

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

L - L _ . . 

PA A 

PP = 0.046 



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

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

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



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

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

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

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



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