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CHAPTERR 8 
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ABSTRACT T 

Objective Objective 
Thee decision if and when to perform a relaparotomy in secondary peritonitis is 
largelyy subjective and based on personal experience. No scoring system guides 
physicianss in this decisional process. Our aim was to search for variables that 
couldd differentiate between patients with and without positive findings at 
relaparotomy. . 

PatientsPatients and outcome 
AA cohort of 219 patients with secondary peritonitis in which an emergency 
laparotomyy was performed. Patients were classified as requiring relaparotomy 
(positivee findings at relaparotomy) and patients not requiring relaparotomy 
(negativee findings at relaparotomy or survival without relaparotomy). 

DataData extraction 
Dataa collection was retrospective, but outcome assessment was done independ-
entlyy by two assessors blinded for other clinical information. Successive pre-
dictionn models were built reflecting the accumulation of clinical information 
fromm the initial laparotomy onwards. We used logistic regression to determine 
thee strength of association between predictive factors and the outcome, while 
thee Area Under the ROC-curve (AUC) was used as a overall measure of the predic-
tivee capability of power of a model. 

Datoo synthesis 
AA relaparotomy (planned or on demand) for secondary peritonitis was per-
formedd in 117 out of 219 patients (53%), yielding either positive (n=62) or nega-
tivee (n=55) findings. Discrimination between patients with positive findings 
att relaparotomy (n=62) and patients with negative findings at relaparotomy 
(n=55)) or patients with uneventful clinical course without relaparotomy (n=102) 
improvedd gradually in successive models. The AUC for the model including only 
generall  patient characteristics was 0.60 (95% C.I. 0.52-0.68). Adding peritonitis-
relatedd variables to this model improved the AUC to 0.73 (95% C.I. 0.66-0.80), 
butt no further improvement was seen when operation-related variables were 
includedd (AUC 0.74; 95% C.I. 0.67-0.81). An expected relevant prediction improve-
mentt was observed when adding post-operative variables (AUC 0.87; 95% C.I. 
0.82-0.92).. Sensitivity and specificity in our final model was respectively 82% 
andd 76%. The total error rate was 16%. One preoperative predictor and five post-
operativee predictors significantly increased the need for relaparotomy: Younger 
age,, decreased hemoglobin levels, temperature >39 °C, lower PaO^/FiO, ratio, 
increasedd heart rate and increased sodium levels. 

Conclusions Conclusions 
Ourr study in a retrospective cohort revealed that the causes of the secondary 
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INTRODUCTIO NN s 

Differentt strategies and criteria are applied whether or not to perform a 1 
relaparotomyy in patients with secondary peritonitis. The criteria in a planned ~ 
relaparotomyy strategy are straightforward, i.e., relaparotomies are performed K 
att fixed time intervals irrespective of changess in the patients' clinical condition 1 
untill  no new findings or residual pathology are found. In a relaparotomy on "f 
demandd strategy, however, criteria for relaparotomy are neither uniform nor § 
accurate,, but depend largely on the applied definition by individual surgeons ,̂  
of'clinicall  deterioration' or 'lack of improvement'. No standardised criteria are 5 
availablee if and when to perform a relaparotomy in the on demand strategy. I; 

Thee decisional process to perform a relaparotomy in patients with secondary 2 
peritonitiss is difficult , except for the extremes. Patients with imperative indica- § 
tionss for relaparotomy or with evident clinical deterioration based on ongoing z_ 
abdominall  pathology are clear candidates for relaparotomy. In patients recov- s. 
eringg prosperously after the index operation with no adverse signs of ongoing ^ 
abdominall  infection, watchful waiting seems appropriate. The difficulty lies 3' 
withh patients between these two extremes. ^ 

Itt has been argued that performing too many negative relaparotomies is bet- =f 
terr than a positive autopsy, but nevertheless, a relaparotomy is not a benign S 
procedure.11 The decision when to perform a non-imperative relaparotomy is 5L 
basedd on clinical judgment but unfortunately also on a fair amount of subjec- 1 
tivee motivations, gut-feeling or may be peer-guided.- There is no scoring system | 
usingg clinical and laboratory data to quantify the likelihood of discovering posi- '2. 
tivee findings at relaparotomy after the index operation for patients with second- "s 
aryy peritonitis. § 

Thee objective of our study was to search for variables that can predict which g 
patientss wil l have positive findings at relaparotomy after an index laparotomy z 
forr secondary peritonitis. These variables can then be prospectively evaluated to 1 
obtainn a prediction rule to assist surgeons in decision making. .J 

MATERIA LL  AND METHOD S I 

Successivee prediction models were constructed to identify factors associated 
withh positive findings at relaparotomy in patients with secondary peritonitis. 
Eachh model reflects a different time point in the course of the disease and only 
incorporatess clinical information cumulatively available at that moment. The 
initiall  regression model included only general characteristics (model A). In the 
nextt model peritonitis variables were added (model B), followed by a model also 
includingg operation variables (model C). The final prediction model was com-
pletedd by adding significantly relevant postoperative variables (model D). 



II  Patient selection 
JJ Patients belonged to a retrospective cohort of 278 consecutive patients with 
|| secondary peritonitis requiring an emergency laparotomy at our university hos-
|| pital from January 1994 to January 2000.' Both the on-demand and the planned 
11 relaparotomy strategy were applied in this cohort. All patients were eligible, 
11 except patients with clear indications or contra-indications for relaparotomy 
~~ (Fig. 1). We excluded patients undergoing an imperative relaparotomy (n=22), 
%% patients in whom the medical team abstained from further surgical treat-
££ ment after the index operation because of poor overall prognosis (n=6), and 
pp patients with pancreatitis (n=10). Reasons for an imperative relaparotomy were: 
11 burst abdomen (n=3), necrotic enterostomy (n=5), evident faecal content in 
ii  the abdominal wound (n=l) or from the abdominal drain (n=2), enteral fistula 
JJ (n^l), persistent low haemoglobin caused by intra-abdominal bleeding (n=l), 
== intra-abdominal gauzes from the index laparotomy (n=6) or stapled off bowel 

loopss (n=3). Patients who underwent their relaparotomy > 7 days after the index 
laparotomyy (n=21) were also excluded. Radiological proven leakage, abscesses or 
colonicc necrosis (established during colonoscopy) were no reason for exclusion. 

Outcome Outcome 
Thee aim was to predict in which patients after the emergency operation a 
relaparotomyy would produce positive findings. Our prediction was limited to 
aa critical period within 7 days after the emergency relaparotomy. Positive find-
ingss at relaparotomy point to a new surgical problem or residual infectious 
pathologyy underlying ongoing abdominal sepsis. A negative relaparotomy was 
definedd as a relaparotomy for secondary peritonitis yielding neither new patho-
logyy nor residual infectious pathology, and were subsequently classified as 'no 
relaparotomyy necessary'. All patients who did not undergo a relaparotomy at all 
andd survived at least 2 weeks were also classified as 'no relaparotomy necessary'. 
Thee assumption was that if a relaparotomy would have been performed within 7 
dayss in these patients, the findings would be negative, since also during longer 
follow-upp no relaparotomy was indicated. Outcome assignment was performed 
independentlyy by 2 authors solely based on information derived from findings 
att relaparotomy. In case of disagreement, a panel decision was obtained involv-
ingg all authors. 

Thee goal of the prediction models was to discriminate between patients 
requiringg relaparotomy (n=62, with positive findings at relaparotomy) and those 
patientss not requiring relaparotomy (n=157, consisting of patients with nega-
tivee findings and patients with no relaparotomy). 

Predictors Predictors 
Potentiall  predictors were selected based on clinical reasoning and previous 
research.. Only variables that are routinely collected in these patients were con-
sidered.. The following sets of potential predictors were selected, each reflecting 



Figuree 1. Patient selection, actual surgical care and outcome assignment. 

Initia ll  cohort 
N=278 8 
Patientss with secondary peritonitis 
undergoingg an emergency laparotomy 

Studyy population 

N=219 9 

Patientss with secondary peritonitis 

thatt could need a relaparotomy 

Actuall  surgical treatment 

Excluded d 

N=59 9 

Reasons: : 

-- Imperative relaparotomy (n=22) 

-- Relaparotomy >7 days after index (n=21) 

-- Pancreatitis (n=10) 

-Abstainedd after index operation (n=6) 

Patientss undergoing a relaparotomy 

(n=117) ) 

!!  Outcome' assignment 

Patientss not undergoing a relaparotomy 

(n=102) ) 

Patientss with a positive 

relaparotomy y 

(nn = 62) 

Relaparotomyy necessary 

(NN = 62) 

Patientss with a Patients with no 

negativee relaparotomy relaparotomy 

(n=55)) ln=102) 

Noo relaparotomy necessary 

(N== 157) 



aa different time period in the follow-up. General patient characteristics includ-
edd gender, age, presence or history of malignancy, and the presence of chron-
icc diseases as defined in the Acute Physiology And Chronic Health Evaluation 
(APACHE)) II score.4 Information derived from the index operation included 
peritonitiss variables and operative variables. Peritonitis variables collected were 
focus,, etiology, type and extent of contamination. The extent of contamination 
off  the peritoneal cavity was considered diffuse or generalised when 2 or more 
quadrantss were contaminated. Operative variables collected were elimination 
off  the infectious focus, type of anastomosis, abdominal closure and time from 
indexx laparotomy to first relaparotomy. Elimination of the infectious focus was 
obtainedd from the operation report and was considered successful when the 
surgeonn described adequate source control at the end of the operation and in 
casee of a relaparotomy when the source was still eliminated. Unsuccessful elimi-
nationn was defined as no infectious focus found and treated or focus not defini-
tivelyy eliminated during the initial laparotomy. 

Thee following postoperative variables (laboratory and clinical variables) were 
considered:: The laboratory variables consisted of sodium, potassium, creatinine, 
bilirubin,, lactate, albumin, platelets, urea, hemoglobin, hematocrit, leukocytes 
andd arterial blood gas (pH, base excess and p02). Hematocrit was calculated as 
Jhemoglobin/20]]  when data were missing. Post-operative clinical variables includ-
edd body temperature, mean arterial pressure, heart rate, breathing frequency, 
PaCyFiOjj  ratio, positive end-expiratory pressure, pressure adjusted heart rate, 
centrall  venous pressure or right arterial pressure, inotropics, continuous veno-
venouss hemofiltration, 24-hour urine output, oral or enteral intake, defecation 
orr enterostomy production during 48 hours, acute abdominal pain, intensive 
caree unit stay (yes/no) and mechanical ventilation (yes/no). 

Forr patients who had a relaparotomy we used the worst values of the post-
operativee variables as measured in the 24-hour window before the decision to 
performm the relaparotomy. For patients who did not undergo a relaparotomy we 
usedd their worst values as measured in the period 48*72 hours after the initial 
(index)) operation. We chose this approach for two reasons. First, the vast major-
ityy of first relaparotomies occurred in this interval. Second, we avoided any 
advantagee to the model to discrimination between patients with a necessary 
relaparotomyy and those with an unnecessary relaparotomy, the latter including 
patientss without relaparotomy. 

Dataa on potential predictors were retrospectively collected using a case 
recordd form from patient charts and the in-hospital database containing opera-
tionn reports, laboratory data and mortality reports. Researchers were blinded 
forr findings at relaparotomy during data collection on predictors. In the few 
casess where a postoperative predictor was not measured once, the assumption 
wass made that this value would be normal. 



StatisticalStatistical methods 
Successivee binary logistic regression models were used to examine the strength 
off  association between clinical characteristics and positive findings at relaparo-
tomy.. To acknowledge the importance of time, successive models incorporated 
differentt pieces of clinical information that become available in chronological 
orderr during the course of the disease. The initial model only contained general 
characteristics,, model B contained general characteristics and peritonitis vari-
ables,, model C general characteristics, peritonitis and operation variables, and 
finallyfinally  model D (final prediction model) contained previous variable categories 
andd postoperative variables. 

InIn case of continuous predictors we used graphs to check whether the 
assumptionn of linear was met. For predictors showing clear non-linearity (tem-
perature,, pH, leucocytes, thrombocytes and base excess) we used clinically sensi-
blee cut-off values to obtain three categories; these were similar to the ones used 
inn ICU scoring systems such as the APACHE II score 4 and Sepsis-related Organ 
Failuree Assessment (SOFA) score.5 

Modell  building and model fit 
Logisticc regression models with odds ratios and 95 confidence intervals (95% CI) 
weree used to express the predictive strength of a variable. For each model except 
thee final model, only pre-specified predictors were included into model with-
outt further selection. Because of the large group of post-operative variables, a 
forwardd selection procedure was used to identify variables that improved the 
existingg model (including general patient, peritonitis, and operation variables) 
substantially.. Post-operative variables with a P-value of < 0.2 were added to the 
model.. The overall fit  of the different models was examined by graphing the 
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 case (necessary relaparoto-
my)) has a higher logistic risk score than a randomly chosen control (not needing 
relaparotomy).. The perfect prediction model has an AUC of 1. Furthermore, we 
comparedd predicted and observed probabilities in 10 equally sized groups with 
ann increasing risk score (Homser-Lemeshow goodness of fit test). All statistical 
analysess were performed using SPSS software (version 11.5) for Windows (SPSS, 
Chicago,, II, USA). P values below 0.05 were considered statistically significant. 

RESULTS S 

StudyStudy population 
Thee study population consisted of 219 (56% male) patients with secondary peri-
tonitiss with a mean age of 57 D 16) years. The mean APACHE II score was 11 
(+SDD 7) and the mean MPI score was 24 D 8). One hundred and four patients 



(47%)) developed peritonitis from a focus in the lower digestive tract. The most 
frequentt cause of secondary peritonitis was perforation of the digestive tract 
(105/219;; 48%) followed by post-operative etiology such as anastomotic leakage. 
Onee hundred and thirty-four patients (61%) had a diffuse contamination of the 
abdomenn during the index laparotomy. Elimination of the infectious focus was 
achievedd in 90% (197/219) of patients. The abdominal wall could be closed at the 
endd of the index operation in 91% (200/219) of the patients. Furthermore, only 
12%% of all patients (26/219) received a primary anastomosis at index operation. 

Clinicall  course after relaparotomy 
Sixty-ninee percent of the patients (152/219) were treated according to a relapa-
rotomyy on demand strategy and 31% (67/219) underwent a planned relaparo-
tomyy as part of a planned strategy. In the actual follow-up of these patients, a 
relaparotomyy was performed in 53% (117/219) of patients. A relaparotomy with 
positivee findings was found in 28% of all patients (n=62) and in 53% (62/117) of 
patientss who underwent a relaparotomy (Figure I). The median time between 
thee emergency laparotomy for peritonitis and the first relaparotomy was 3.4 
days.. No new findings or residual infectious pathology were discovered during 
relaparotomyy in 55 patients (unnecessary relaparotomy) and 102 patients had 
noo relaparotomy and survived at least 7 days. Therefore, the task of the predic-
tionn models was to discriminate between patients with a positive relaparotomy 
(n=62)) from patients with a negative relaparotomy (n=55) or patients surviving 
withoutt a relaparotomy (n=102). 

Successivee prediction models 
Generall  patient characteristics only (model A) 

Thiss model included the variables age, gender, co-morbidity and malignancy 
(Table(Table 1). None of these predictors were significantly associated with positive 
findingss at relaparotomy. As a consequence this model had poor predictive 
powerr as highlighted by an area under the ROC-curve of 0.60 (95% CI 0.52-
0.68).. Surprisingly, higher age was associated with a lower odds for needing a 
relaparotomy,, although this relation was non-significant (odds ratio per 1 year 
incrementt OR 0.99; 95% CI 0.97-1.01; P= 0.155). 

GeneralGeneral characteristics and peritonitis variables (model B) 
Modell  B consisted of the same general variables with the addition of peritonitis 
variabless (Table 3). The peritonitis variables consisted of focus, aetiology, type and 
extentt of the contamination. The only significant predictor in this model was a 

Tabh'Tabh' l. potential factors predicting necessary relaparotomy in successive clinical models using odds 
ratiosratios (OR) with 95% confidence intervals (CI) to express the strength of association. Area under the 
ROC-curveROC-curve (AUG) is used as an overall indicator of the discriminative power of the model. 
Notes:Notes: Plus minus values are means  standard deviation; f odds ratio for 10-year age increment: 
N.LN.L not included. 



Tablee 1 Potential factors predicting necessary relaparotomy in successive 
clinicall  models 
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diffusee abdominal contamination (odds ratio 2.80; 95% CI 1.30-6.04; P - 0.008). 
Typee of contamination as well as focus and aetiology of peritonitis were no sig-
nificantt predictors for outcome of a relaparotomy in this model. Again, none of 
thee general patient characteristics were statistically significant in model B. 

GeneralGeneral characteristics, peritonitis and operative variables (model C) 
InIn model C operative variables were added to model B. These variables consisted 
off  elimination of the infectious focus, abdominal closure and primary anasto-
mosiss (Table 1). None of the operative variables contributed significantly to the 
prediction.. A diffuse contamination (odds ratio 2.80; 95% CI 1.29-6.07; P = 0.009) 
remainedd the only significant predictor for positive findings at relaparotomy 
inn this model. Patients with ischemia as the cause of peritonitis had a more 
thann four times higher odds of requiring a relaparotomy than patients with 
perforationn as cause of peritonitis, but this association did not reach statistical 
significancee (P = 0.065). probably because of the small number of patients with 
ischemiaa (n=ll). 

PredictionPrediction model also including post-operative variables (model D) 
Thee final model included all general patient characteristics, peritonitis, opera-
tivee variables and those postoperative variables that significantly contributed 
too the prediction (forward selection with criterion P < 0.20). Five post-operative 
variabless were selected (Table 1), revealing that a positive relaparotomy was more 
likelyy in patients with a lower hemoglobin level (odds ratio 0.41 per 1 mmol/1 
decrease;; 95% CI 0.26-0.67; P < 0.001), a temperature >39 °C. (odds ratio 6.24; 
95%% CI 1.85-21.1; P - 0.003), a lower PaOi/Fi02 ratio (odds ratio 0.99 per mmHg 
decrease;; 95% CI 0.99-1.00; ], P = 0.007), a higher heart rate (odds ratio 1.02 per 
11 beat/min increase; 95% CI 1.01-1.04; P = 0.008) and higher serum sodium lev-
ell  (odds ratio 1.10 per 1 mmol/1 increase; 95% CI 1.02-1.18; P - 0.015). In this 
finalfinal model higher age associated with a lower odds for a positive relaparotomy 
reachedd significance (odds ratio per year increment 0.97; 95% CI 0.94-0.998; P = 
0.038).. However, all peritonitis and operative variables lost their statistical sig-
nificancee when post-operative variables were added to the model. This may indi-
catee that all underlying causes of relaparotomy result in similar biochemical 
reactionss in the body, either infectious responses or signs of organ failure. 

PredictivePredictive power and fit 
AA model solely based on general patient characteristics had poor predictive 
powerr with an AUC of only 0.60 (95% CI 0.52-0.68). Including peritonitis related 
variabless did improve the model considerably (rise in AUC from 0.60 to 0.73). 
Includingg operative variables did not improve the model any further (AUC 0.74). 
Ass expected, a significant improvement was observed when post-operative vari-
abless were added to the model {Fig. 2; AUC increased from 0.74 to 0.87; 95% CI 
0.82-0.92)) as they reflect more closely the patient's actual condition at the time 
off  the decision whether or not to operate. 



Figuree 2. ROC analysis of the successive logistic regression models. 
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Thee final model had good calibration as illustrated by the small differences 
betweenn predicted and observed probabilities of performing a necessary relapa-
rotomyy across the whole range of patients (Figure 3). The discriminative power of 
thiss final model is also visualized in this figure. The model assigns probabilities 
beloww 10% of requiring a relaparotomy in 38% (83/219) patients of the patients, 
andd in 14% of the patients a probability above 70% (30/219). These figures also 
illustratee that in a large group of patients a single moment prediction provides 
noo clear answer, implying that change over time may be a more accurate predic-
torr of relaparotomy outcome. The optimum sensitivity of the prediction model 
inn our patients was 82% with a specificity of 76%. The total error rate at was 
16%. . 

DISCUSSION N 
AA critical issue in the on demand strategy of patients with secondary peritonitis 
iss the decision if and when to perform a relaparotomy. We examined several 
clinicall  variables whether they could predict if a relaparotomy would reveal 
relevantt new findings. Our models show that directly after the index operation. 
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Figuree 3. Observed (black bars) versus expected (grey bars) probabilities of' 
necessaryy relaparotomies according to deciles of risk score from the final 
predictionn model D. 

(only)) two peritonitis-related variables were associated with positive findings at 
relaparotomy:: in particular a diffuse abdominal contamination, irrespective of 
thee type of contamination, and (non-significantly) ischemia as underlying cause 
forr the peritonitis. However, the overall predictive power of the model including 
clinicall  information known before or acquired during the emergency laparo-
tomyy was only moderate (AUC 0.73). None of the peritonitis variables remained 
significantt after postoperative variables were added to the model, implicating 
thatt information on the clinical course after the index operation is required to 
predictt whether patients wil l need a relaparotomy. Thus, these results illustrate 
thatt for similar intraoperative findings that characterise peritonitis different 
outcomess are possible that cannot easily be predicted merely by looking at peri-
tonitis-- and surgical characteristics. For adequate risk assessment the postopera-
tivee course has to be taken into account. 
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Predictionn of future relaparotomy findings is difficul t shortly after the index 
operation.. On the one hand, patients with perceived hazardous findings can 
recoverr without a relaparotomy or a planned relaparotomy may reveal no new 
orr active findings. On the other hand, 'straightforward' patients, for instance 
aa middle-aged person with a distinct focus of infection may run into problems 
andd wil l need a relaparotomy. Patients with minimal variable fluctuations at 
indexx laparotomy can have a positive relaparotomy, whereas hazardous findings 
att index laparotomy do not automatically imply that a relaparotomy is neces-
sary.. The postoperative period is therefore an important period for patients to 
recuperate,, depending on the patient's anti-inflammatory response capacity. 
Especiallyy parameters reflecting persistent infection leading to organ failure 
aree significant predictors for a positive relaparotomy. It does not mean that 
other,, non-significant variables do not play a critical role in the chain of events, 
butt they are overshadowed by the stronger significant postoperative variables 
thatt form a more or less final common pathway. This is also exemplified by the 
changee over time from model A to D, where postoperative variables suppress the 
earlierr variables. Following this line of reasoning, a relaparotomy on demand 
strategyy would be preferred over a planned relaparotomy strategy. An ongoing 
multicenterr randomised trial in the Netherlands comparing both strategies 
headd to head may supply the necessary data to sustain the present results. 

Surprisingly,, higher age was associated with a lower odds ratio for a positive 
relaparotomy.. Increasing age is generally regarded a risk factor for development 
off  complications, organ failure or even mortality by the treating medical team, 
duee to co-morbidity of these patients.^12 This may lead to a, either subconscious 
orr deliberate, lowering of the relaparotomy threshold for these patients after 
indexx laparotomy with a greater possibility of negative findings. For example, 
plannedd relaparotomies were performed more frequently in patients older than 
655 years. In other words, due to less rigorous selection criteria for relaparotomy 
inn older patients, the sensitivity for positive findings may be lower. Vice versa, 
youngerr patients are expected to have a more flexible physical reserve/ capacity 
thatt can counteract remnant intra-abdominal infection. This may well explain 
thee reciprocal relation between age and positive relaparotomy findings when 
testedd on an existing database were relaparotomy decisions were made based 
onn non-explicit and divers criteria. The majority of significant postoperative pre-
dictorss for a positive relaparotomy in patients with secondary peritonitis seem 
representativee of one (or more) organ failure(s). 

Inn a retrospective study 1 organ failing did not predict a positive relaparo-
tomy,, whereas three or more organs failing was associated with a positive re-
exploration.133 Increase in mortality was found to be associated with the increas-
ingg number of failed organs.n Multiple studies emphasise the poor prognosis 
off  patients with secondary peritonitis and multiple organ failure (MOF)9,l,11,s, 
andd urge for timely surgical intervention before signs of MOF emerge.10 M A low-
err PaO./FiO, ratio is likely to reflect respiratory failure. Respiratory failure has 



beenn previously been described as the most prominent organ failure leading to 
aa positive re-exploration (positive relaparotomy in 75% of patients with pulmo-
naryy failure).0 A higher body temperature9 as well as a higher heart rate may 
resemblee ongoing intra-abdominal sepsis, whereas elevated serum sodium lev-
elss may reflect excessive saline infusion, but can also be caused by a decreased 
glomerularr filtration rate (e.g., in renal failure). Additionally, it is known that 
differentt continuous renal replacement therapies may have a different effect 
onn serum sodium control.i y Hemoglobin as predictor may possibly reflect that 
patientss were suffering from clinically undetected intra-abdominal bleeding. 
Excessivee postoperative intra-abdominal bleeding wil l be accompanied by overt 
clinicall  symptoms and noted in an early stage, whereas slower undetected intra-
abdominal// retroperitoneal bleeding may worsen the patients' clinical condi-
tionn dramatically before intervention. In addition, decreased hemoglobin levels 
duee to bleeding from non-infected sites (peptic ulcer, lung, insertion sites of 
lines)) as part of deranged coagulation and fibrinolysis associated with dissimi-
natedd intravascular coagulation can be viewed as a reflection of ongoing intra-
abdominall  infection with multiple organ failure. Thus, increasing the likeli -
hoodd of positive findings at relaparotomy. 

Significantt variables from our model such as age, hemoglobin, heart rate, 
sodium,, and core temperature are also incorporated in the APACHE II score.4 In 
thee APACHE II score other general factors that determine overall prognosis (sur-
vivall  or mortality), such as the presence of co-morbidity and age, play a more 
prominentt role but seem to be less relevant in the prediction of positive find-
ingss at relaparotomy (see table I). The MODS-0 and SOFA score5 are sequential 
scoringg systems used to predict general outcome, namely mortality of patients 
withh sepsis, rather than the need for a relaparotomy in peritonitis. Variables in 
thee MODS and SOFA score reflect respiratory, renal, hepatic, cardiovascular, hae-
matologicall  and neurological organ impairment. The Pa02/Fi02 ratio included 
inn our prediction model is also incorporated in the MODS and SOFA score as res-
piratoryy variable. The Mannheim Peritonitis Index (MPI)2122 has been developed 
andd validated to predict the expected mortality rate for patients with secondary 
peritonitis,, and proved to be useful in this respect in our cohort of peritonitis 
patients.55 Pusajo et al.'1 developed the Abdominal Reoperation Predictive Index 
(ARPI)) as an index associated with a significant need for relaparotomy. It included 
88 factors: emergency surgery, ileus from the third day postoperatively onwards, 
woundd infection and respiratory and renal failure, but also the less well-defined 
variabless of abdominal pain, consciousness alterations and 'symptoms' appear-
ingg from the 4't] day after the index operation. Importantly, this index has been 
developedd for patients with symptoms after elective abdominal surgery for a 
non-infectiouss reason. The ARPI has not been validated in other comparable 
patientt groups, thus failed to gain general acceptance in the care of patients 
withh secondary peritonitis despite calls to do so.24 The Prognostic Peritonitis 
Modell  (PPM) was developed by multivariate analysis on a large, multinational 
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cohortt of patients with secondary peritonitis.25 It recognises the importance of 
factorss related to the early postoperative period. Potential shortcomings of the 
PPMM are that it incorporates another scoring system (Goris score) and that the 
PPMM modulates in-hospital mortality rather than outcome of relaparotomy. 

Theree are a few key issues in prognostic research.-5 First, the study popula-
tionn should be representative for the clinical prediction at hand. In this study 
wee used a consecutive cohort of patients undergoing an emergency laparotomy 
att a university hospital as our starting point. We excluded patients in whom 
predictionn was not an issue, because there were either imperative reasons to 
performm a relaparotomy or external reasons not to perform a relaparotomy (e.g., 
poorr general health). A second requirement for a useful prognostic model is 
thatt it should discriminate between patients who wil l need a relaparotomy (e.g. 
aa relaparotomy producing positive findings) and patients that survive without 
relaparotomy.. From a methodological perspective, the ideal study would have 
beenn a cohort in which relaparotomy is postponed as long as possible, so that 
alll  relaparotomies would lead to positive findings. Such a cohort does not exist 
forr obvious ethical reasons. Thus it is inevitable that in secondary peritonitis 
studiess patients wil l be operated in an earlier phase, leading to patients with 
'minor'' positive findings that might have recovered without relaparotomy. We 
usedd common-sense criteria and clinical reasoning to define positive relapa-
rotomy.. Another option would have been to analyse only those patients that 
havee been actually operated upon. Within this subgroup we could have applied 
uniformm criteria to define the outcome. However, because of the mix of surgi-
call  strategies it would be a poor-defined, heterogeneous subgroup of patients 
producingg results that have poor generalis ability. Therefore, we used the expe-
riencee of the whole cohort by making a best judgment whether relaparotomy 
wouldd have produced positive findings in each patient. Importantly, differential 
misclassificationn of the outcome was avoided by blinding the assessors for the 
statuss of any of the predictors during the adjudication process. A third issue in 
prognosticc research is the choice and measurement of potential predictors. Our 
studyy relied on retrospective data collection, which could lead to more miss-
ingg values or less accurate measurements compared to dedicated, prospective 
dataa collection." However, we considered only readily available predictors, so 
thee problem of missing data was minimal. One inherent difficulty of our study 
wass the determination of the predictor status of patients that did not need a 
relaparotomy.. Unfortunately, we had no information at what time point during 
thee course of disease the issue of whether or not to perform a relaparotomy in 
aa particular this patient was most urgent, otherwise we would have chosen the 
valuess of the set of predictors at that time. Our best deduction was to choose the 
worstt values of the predictors in the period where the dilemma of relaparotomy 
wass most likely. 

Too be useful in clinical practice, a prediction model in secondary peritonitis 
shouldd be able to identify high risk patients in time (on a timely basis). It is inap-



propriatee to wait until the clinical condition deteriorates to such an extent that 
aa 100% chance on a positive relaparotomy occurs. It is considered less hazardous 
too perform a relaparotomy in a patient with a negative abdomen than not to per-
formm a relaparotomy in a patient with a positive abdomen, although perform-
ingg too many negative relaparotomies should be avoided.1 Whether performing 
aa necessary relaparotomy influences the patient's outcome in a positive way 
andd whether the outcome would have been different when this relaparotomy 
wouldd not have been performed remains a matter of debate. We found that 
markerss indicating ongoing infection and impaired vital organ functions were 
thee strongest predictors of positive relaparotomy. There is abundant evidence 
thatt (multiple) organ failure is strongly related to adverse outcome (mortality). 
AA change in values over time of these predictors could have been more use-
full  than absolute values, but our retrospective data collection did not permit 
suchh an analysis. Clearly, our prediction model needs to be validated, modified 
wheree necessary, and fine-tuned in a prospective study. This should be a large 
studyy where data collection takes place at regular intervals over time, including 
bothh patients treated with an on-demand strategy and a planned strategy. Clear 
criteriaa should be used in the selection of the initial strategy, and ideally this 
validationn should take place within a randomised trial comparing both strate-
gies.. However, even a prospectively validated prediction model wil l not replace 
thee treating multidisciplinary team taking care of the critically-il l patient giv-
enn the complexity of underlying conditions, but it can hopefully assist clini-
call  decision making. Additional imaging techniques to demonstrate ongoing 
abdominall  infection can further pinpoint the selection of patients requiring 
relaparotomy. . 

CONCLUSIONS S 

Ourr analysis of a retrospective cohort revealed that the early postoperative peri-
odd provides the most relevant clues whether a patient wil l need a relaparotomy. 
Planningg of a relaparotomy based on findings at the index laparotomy without 
incorporatingg knowledge about the early postoperative host response may be 
lesss preferable than an on demand strategy. A clinical prediction model incor-
paratingg the identified postoperative parameters could assist the medical team 
byy quantifying the subjective feeling or clinical experience within the team. 
However,, before the results of our model could be used, the model needs to 
bee validated and modified where necessary in a prospective dataset of patients 
withh secondary peritonitis. 
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