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In southern Africa, acute appendicitis is often asso-
ciated with late presentation and advanced pathology, 
and surgeons are therefore frequently required to 
manage complex intra-abdominal sepsis.[1-5] This 
condition is associated with significant morbidity and 

even mortality, and aggressive surgical management is essential, as 
source control remains the cornerstone of therapy.[6,7] Achieving source 
control frequently requires one or more relaparotomies.[7] Deciding 
on the need for relaparotomy and its optimal timing is often highly 
subjective. The decision to reoperate is frequently challenging when 
faced with a critically ill patient with nonspecific signs and symptoms 
of partially treated sepsis.[8] There is a lack of general consensus as 
to which patients should be subjected to relaparotomy.[8-10] There are 
essentially two approaches to the management of complex intra-
abdominal sepsis. These are the so-called planned relaparotomy (PR) 
approach and the on-demand relaparotomy (OD) approach.[11] The PR 
approach takes all patients with complex sepsis back to the operating 
room at regular 48-hour intervals until adequate source control 
has been achieved. With the OD approach, all patients are treated 
expectantly and only those with signs of unresolved intra-abdominal 

sepsis are subjected to relaparotomy.[7] The use of temporary 
abdominal closure (TAC) is generally reserved for patients with 
abdominal compartment syndrome, or when technical issues preclude 
primary closure.[11-13] For practical and ethical reasons, it is difficult to 
formally compare the efficacy of the different approaches (PR v. OD) 
in a randomised study, and most of the current evidence is at best 
level 2.[13,14] The available evidence to date does not seem to suggest that 
either approach confers a superior advantage in terms of mortality.[15] 
There are very few data on this specific problem from the developing 
world, where the spectrum of disease is markedly different from that 
in the developed world.[1-5,8,16] The objective of this study was to identify 
preoperative and intraoperative clinical factors that may predict the 
need for relaparotomy in order to construct a clinical model to assist 
clinicians in predicting the need for relaparotomy in patients with 
complex intra-abdominal sepsis following acute appendicitis.

Methods
Clinical setting
This study was conducted from January 2008 to December 2012 at 
Edendale Hospital, Pietermaritzburg, South Africa. Ethical approval 
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was obtained from the Biomedical Research Ethics Committee 
of the University of KwaZulu-Natal and the Umgungundlovu 
Health Ethics Review Board (ethics reference number: BE 
237/12). Edendale Hospital is a regional hospital in the city of 
Pietermaritzburg. It provides definitive surgical care to the city 
as well as the surrounding rural areas. The region comprises two 
different health districts, namely the rural Sisonke Health District 
and the urban Umgungundlovu Health District, and covers a 
total catchment population of over 3 million people. All patients 
either present directly to our hospital from within the urban 
district or are referred by one of the four rural hospitals in the 
catchment area.

Current protocol
The management of abdominal sepsis following acute appendicitis 
is currently at the discretion of the individual surgeon. All patients 
who require TAC undergo mandatory relaparotomy. In the OD 
group we have a very low threshold for relaparotomy and tend to 
invert the thinking process somewhat by emphasising to staff that 
the patient must earn the right not to have a relaparotomy rather 
than earn the right to have one.

The study
All patients with intraoperatively confirmed acute appendicitis were 
eligible for inclusion. Basic demographic data were collected. The 
clinical symptoms, findings on physical examination, baseline vital 
signs and laboratory results were recorded. Intraoperative details 
included the surgeon’s assessment of the macroscopic appearance 
of the appendix and the presence of perforation. The severity of 
abdominal contamination was classified clinically as either localised 
contamination (LC) or generalised four-quadrant contamination 
(GC). The clinical progress of all patients was followed up until 
discharge (or death). All patients who had TAC were subjected to 
PR. In the OD group, any clinical suggestion of persistent sepsis 
was an indication for relaparotomy. The findings at relaparotomy 
were classified as either positive or negative. Positive findings 
included turbid intra-abdominal fluid, purulent intra-abdominal 
fluid, appendix stump dehiscence, necrotising fasciitis and other 
pathologies including perforated stress ulcers or acalculous 
cholecystitis. Negative findings included minimal amounts of 
serous fluid with no other new findings in the abdomen.

Statistical analysis
Detailed statistical analysis was performed to compare the 
relaparotomy and non-relaparotomy groups. Pearson’s χ2 test 
was used when the sample size assumption was adhered to, 
Fisher’s exact test was utilised in cases where the χ2 assumption 
was not fulfilled, and the Mann-Whitney U-test was performed 
to identify any significant differences between the two groups 
after the data distributions were proven to be asymmetrical. 
Non-parametric (asymmetrical) data were descriptively 
described in terms of a median. Finally, logistic regression 
analysis was performed to investigate prediction of the need 
for relaparotomy. A range of variables were considered and 
included based on clinical relevance. The final remaining 
variables in the model were reached via a backward stepwise 

regression. The level of statistical significance was set at p<0.05. 
All statistical analysis was performed using SPSS version 21 
(IBM Corp., released 2012).

Statistical model
A logistic regression analysis (backward stepwise conditional 
method) was conducted to predict whether a relaparotomy would 
occur, using specific preoperative and intraoperative data as 
predictors (Table 1). These data were used to generate a receiver 
operating curve (ROC) plotting the true-positive rate against the 
false-positive rate (or sensitivity v. 1– specificity). Accuracy was 
also measured by the area under the ROC curve (AUC). 

Results
A total of 1 000 patients with intraoperatively confirmed acute 
appendicitis were managed from January 2008 to December 
2012. Males comprised 54.1% and females 45.9% of the cohort, 
with a median age of 21 years. The median length of time from 
the onset of symptoms to seeking medical care was 4 days. Of the 
entire cohort, 394 (39.4%) had a local incision and 606 (60.6%) a 
laparotomy. A total of 405 (40.5%) had inflamed non-perforated 
appendicitis, while 595 (59.5%) had a perforated appendix. Of the 
595 with a perforated appendix, 177 (29.7%) had localised intra-
abdominal sepsis and 418 (70.3%) generalised four-quadrant 
sepsis. A total of 406 patients ultimately required relaparotomy. 
The two groups were compared, and Table 1 summarises the 
differences between the relaparotomy and non-relaparotomy 
groups. Of the 406 relaparotomies, 227 (55.9%) were PR and 179 
(44.1%) OD. Of the relaparotomy group, 367 (90.4%) had positive 
findings at relaparotomy. Table 2 summarises the findings at 
relaparotomy.

Regression model
Based on the differences between the relaparotomy and non-
relaparotomy groups, a number of parameters were considered 
for inclusion in a logistic regression model to predict the need 
for relaparotomy. The criteria could either be categorical (yes 
or no) or a discrete number. The following five variables were 
selected:
•	 Referral. Patients referred from any rural centre (present = 1, absent 

= 0).
•	 Duration. Duration (days) of illness prior to contact with healthcare 

system.
•	 Heart rate. Heart rate on admission (bpm).
•	 Perforation with LC. Perforation with localised contamination 

(present = 1, absent = 0).
•	 Perforation with GC. Perforation with generalised contamination 

(present = 1, absent = 0).

The Wald criterion demonstrated that the mode of referral (urban 
v. rural) (p=0.019) and perforation v. non-perforation (p<0.001) 
made a significant contribution to a confirmatory relaparotomy 
prediction.

The following multivariable logistic model was fitted 
incorporating the criteria listed above and resulted in the following 
coefficients for these predictors:
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where

 and

X1 = Referral; X2 = Duration; X3 = Heart rate; X4 = Perforation 
with LC; X5 = Perforation with GC.

Prediction success for this model overall was 90.8% (sensitivity 90.1%, 
specificity 91.2%). The ROC curve indicates an AUC of 0.948 (95% 
confidence interval 0.934 - 0.962) with a p-value of <0.001, confirming 
excellent performance (predictive power) of the above model. Fig. 
1 shows the ROC curves for the five selected predictors and Fig. 2 
the ROC curve for the combined model. A test of the full model 
against a constant-only model was statistically significant, indicating 
that the predictors as a set reliably distinguished between patients 
who required a relaparotomy v. those who did not (χ2=827.663; 
p<0.001 with 5 degrees of freedom (df)). The Hosmer and Lemeshow 
goodness-of-fit test indicated that the data had a good fit to the 
predictive model (χ2=7.442; p=0.490 with 8 df). Nagelkerke’s R2 of 

Table 1. Differences between the relaparotomy and non-relaparotomy groups
Relaparotomy No relaparotomy p-value Significance

Demographics
Gender, n (%) <0.001 S

Male 166 (41.0) 375 (63.0) S
Female 240 (59.0) 219 (37.0)

Age (years), median (range) 22 (13 - 29) 20 (11 - 2 5) 0.481 NS
Referral, n (%) <0.001 S

Urban patients 108 (26.6) 455 (76.6) S
Rural patients 298 (73.4) 139 (23.4)

Clinical features
Duration (days), median (range) 5 (4 - 7) 3 (2 - 4) <0.001 S
Anorexia, n (%) 224 (55.2) 353 (59.4) 0.207 NS
Nausea/vomiting, n (%) 274 (67.5) 433 (72.9) 0.065 NS
Migratory pain, n (%) 76 (18.7) 248 (41.8) <0.001 S
Non-migratory pain, n (%) 330 (81.3) 346 (58.2) <0.001 S
Dysuria, n (%) 10 (2.5) 12 (2.0) 0.639 NS
Diarrhoea, n (%) 20 (4.9) 26 (4.4) 0.684 NS
Constipation, n (%) 25 (6.2) 16 (2.7) 0.007 S
Localised peritonitis, n (%) 51 (12.6) 493 (83.0) <0.001 S
Generalised peritonitis, n (%) 355 (87.4) 101 (17.0) <0.001 S

Baseline vital signs, mean (range)
Temperature (oC) 37.8 (37.2 - 38.4) 37.2 (36.8 - 37.8) <0.001 S
Heart rate (bpm) 110 (99 - 121) 98 (88 - 109) <0.001 S
WCC (× 106/L) 16.7 (13 - 20) 13.4 (11.9 - 15.5) <0.001 S

Surgical access, n (%) <0.001 S
Local incision 396 (98.0) 210 (35.0) S
Laparotomy 10 (2.0) 384 (65.0)

Operative findings, n (%)
Inflamed appendix 4 (1.0) 401 (67.5) <0.001 S
Perforated appendix 402 (99.0) 193 (32.5) <0.001 S
LC 36 (8.9) 141 (23.7) <0.001 S
GC 366 (90.1) 52 (8.8) <0.001 S

S = significant; NS = non-significant; WCC = white cell count; LC = localised contamination; GC = generalised contamination. 

log it (p) = -6.116 + 0.566X1 + 0.075X2 + 0.012X3 + 2.961X4 + 5.933X5
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0.760 indicated a good relationship between 
prediction and grouping.

Clinical model
A simplified clinical scoring system derived 
from the above model can be utilised. In 
the presence of the following four major 
predictive factors, there is a 90% probability 

that a relaparotomy is required: (i) referral 
from a rural centre; (ii) duration of illness 
>5 days; (iii) heart rate >120 bpm; and (iv) 
perforation with associated GC.

Discussion
In the developing world, acute appendicitis 
is associated with significant morbidity 

and even mortality as a result of late 
presentation and complex intra-abdominal 
sepsis.[1-5] The management of complex 
intra-abdominal sepsis is challenging, 
and frequently requires relaparotomy to 
ensure adequate source control.[7] Although 
literature on predictors of the need for 
the relaparotomy exists, most studies 
have been undertaken in the developed 
world and have not focused on a specific 
disease process.[8,16] Of the methods 
currently employed for the management 
of complex intra-abdominal sepsis, it has 
been suggested that OD relaparotomy 
is the most cost-effective approach.[13] A 
randomised study was published by van 
Ruler et al.[15] in 2007 comparing PR and 
OD approaches for patients with complex 
intra-abdominal sepsis. A total of 232 
patients were randomised. In the PR group, 
relaparotomy was undertaken every 36 - 
48 hours after the initial procedures until 
all intra-abdominal sepsis was cleared. 
In the OD group, relaparotomy was 
only performed for patients who either 
deteriorated clinically or failed to improve. 
However, the general expert consensus is 
that if an OD approach is adopted, early 
recognition of the need for further surgery 
is essential as delay in source control 
results in dramatically increased morbidity 
and mortality.[6,7,15,18,19] This makes a model 
to predict the need for relaparotomy 
important.[11,15]

Our proposed model allows for a 
predictive value of >90%. However, as the 
logistic regression process takes several 
variables into consideration in reaching 
the final predictive model, it should 
be noted that heart rate is only a weak 

Table 2. Findings at relaparotomy
n (%)

Positive fi ndings (N=367)
Purulent fluid 166 (45.2)
Turbid fluid 159 (43.3)
Necrotising fasciitis 19 (5.2)
Non-viable bowel 11 (3.0)
Stump dehiscence 6 (1.6)
Others 6 (1.6)

Negative fi ndings (N=39)
Serous fluid 39 (100.0)

1.0

0.6

0.4

0.2

0.0

0.8

Se
ns

iti
vi

ty

1.00.60.40.20.0 0.8

1– speci�city

Fig. 2. ROC curve analysis for overall model prediction (probability). (ROC = receiver operating curve.)
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Fig. 1. ROC curves for the individual predictors. (ROC = receiver operating curve; HR = heart rate; LC = 
localised contamination; GC = generalised contamination.)
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predictor and therefore should not be considered in isolation. We 
believe that a simplified clinical model would be easier to use in 
clinical practice and that a relaparotomy is strongly advised if all 
of the risk factors are present. It is hoped that this would simplify 
the decision-making process by allowing individual surgeons 
to be cognisant of the key predictive factors rather than having 
to calculate a specific number using the mathematical model. 
Further prospective work is required to validate this model.

Conclusions
The management of complex intra-abdominal sepsis secondary to 
appendicitis is challenging and has relied on clinical judgement. 
Our proposed clinical scoring system accurately predicts the need 
for relaparotomy. When all the clinical risk factors are present, 
relaparotomy should be strongly advised. Further validation 
studies are required before widespread adoption of this scoring 
system into routine surgical practice.
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NEWS

Prof. Madiba awarded the Rahima Dawood Travelling Fellowship

Prof. Thandinkosi Madiba, head of the Department of Surgery at the University of KwaZulu-Natal and the Colorectal Unit at Inkosi 
Albert Luthuli Central Hospital, Durban, has been awarded the Rahima Dawood Travelling Fellowship for 2014.

The Rahima Dawood Foundation, established in 1985 to promote health and education, was fi rst based in Kenya. In 1987 the trustees 
of the Foundation proposed the establishment of an annual Travelling Fellowship, to be called the Rahima Dawood Travelling 
Fellowship, to benefi t fellows, members and associate members of the Association of Surgeons of East Africa (now renamed the 
College of Surgeons of East, Central and Southern Africa COSECSA)). Surgeons of distinction who are chosen as Travelling Fellows 
visit the member countries of COSECSA to lecture, teach and off er advice. The Royal College of Surgeons of Edinburgh subsequently 
became co-sponsors of the Travelling Fellowship, and COSECSA agreed to pay local expenses of the Travelling Fellow. The Fellowship 
is therefore known as the Rahima Dawood Travelling Fellowship of the College of Surgeons of East, Central and Southern Africa and 
the Royal College of Surgeons of Edinburgh.

In addition to teaching and giving lectures, the Travelling Fellow gives an oration at COSECSA’s Annual General Meeting and Scientifi c 
Conference. The oration is presented as the fi rst paper at the opening session of the conference.

Prof. Madiba will be travelling to Kenya, Uganda, Rwanda, Burundi and Tanzania between 7 November and 10 December 2014, during 
which time he will deliver a series of lectures culminating in the Rahima Dawood Oration on 3 December.

After the conference, the Fellow is expected to provide a written report to the trustees of the Rahima Dawood Foundation, the 
Royal College of Surgeons of Edinburgh and the President and Honorary Secretary of COSECSA. The oration will be published  in 
the East and Central African Journal of Surgery.




